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preface S |

The United Nations has designated the period 1981 - 1990 the Inter-
national Drinking Water Supply and Sanitation Decade. Many hope and
trust that there will he wvastly increased efforts to provide ade-
quate water supply and sanitation services to all those needing
them,

The needs are enormous. Hundreds of millions of people living in
developing countries lack reasonable access to an adequate supply of
safe drinking water. The problems are particularly acute for count-
less small communities in the rural areas, as well as for urban
fringe areas. Their water supply situation often is grossly inade~
(quate.

In providing water supply systems to small communities, factors such

as organization, administration, community-involvement and finance

are frequently the major constraints, rather than technical consider- _
ations. However, the selection ot suitable technology remains im- :
portant since other problems are compounded when techniques, methods

and equipment are used that are not compatible with the conditions

and situations of small communities.

It is a misconception to regard small community water supply systems
as 'scaled down' versions of urban installations requiring less
engineering skill or ingenuity. The exact opposite may be the case.
Simplicity and smallness should not be regarded as backward or
second-rate, but rather as appropriate for the purpose. Technologies
must be selected that can be integrated with the approach of commu-
nity involvement which is so essential in small-scale schemes.
Misapplication of technologies is likely when the designer does not
clearly understand the basic assumptions implicit in them. This
usually will result in costly overdesigns and unrealistic manpower,
operation and maintenance requirements.

This handbook has been designed to provide a broad introduction into
the technology of small community water supplies. It provides
information and guidance that should be most readily used by those
having sowme technical background in civil engineering, public health
or irrigation, but with no formal training or experience in water
supply. [t should serve engineers and public health inspectors who
are called upon to assume respousibility for the design and/or
maintenance of small water supply systems. This group also includes
provincial and town engineers who have responsibility for water
supply and sanitation, amongst many other tasks. The book, there-
fore, has not been written as a textbook for engineering students
nor as a design manual addressed to technicians. Some theoretical
explanations have been included but such material has been kept to a
minimum. For in-depth information reference is made to monographs
and textbooks. .
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1.1. Water supply and human health

Water is essential to man, animals and plants and
without water life on earth would not exist. From the
very beginning of human civilization, people have
settled close to water sources, along rivers, besides
lakes or near natural springs. Indeed where people
live, some water is normally available for drinking,
domestic use, and possibly for watering animals. This
does not imply, however, that the available source of
water is convenient and of sufficient capacity, nor
that the water is safe and wholesome. On the con-
trary, in many countries people live in areas where
water is scarce. Often it has to be carried over long
distances, particularly during dry periods. Scarcity
of water may also lead people to use sources that are
contaminated by human or animal faeces, and are thus
dangerous to human health.

A few litres of water each day are sufficient for a
person's basic drinking and food preparation require-
ments, depending on c¢limate and lifestyle. Much
larger quantities are necessary when water is used
for other purposes such as personal hygiene, cleans-
ing of cooking utensils, laundry and house cleaning.
Safe, adequate and accessible supplies of water,
combined with proper sanitation, are surely basic
needs and essential components of primary health
care. They can help reduce many of the diseases
affecting wunderprivileged populations, especially
those who live in rural and urban fringe areas.

Safe drinking water is important in the control of
many diseases. This is particularly well-established
for diseases such as diarrhoea, cholera, typhoid and
paratyphoid fever, infectious hepatitis, amoebic and
bacillary dysentery. It has been estimated that as
many as B0 percent of all diseases in the world are
associated with unsafe water. This association can
take a number of different forms, and diseases may be
grouped accordingly (Table 1.1).
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Diseases related to deficiencies in water supply and/or sanitation

GROUP DISEASES

. Diseases transmitted by water Cholera :
(water-borne diseases) Typhoid
Water acts only as a passive vehicle Bacillary dysentery
for the infecling agent. Intectious hepatitis

All of these diseases depend also on
poor samitatiom.

Leptospirosis
Giardiasis
Gastro enteritis

Diseases due to lack of water

(water-washed diseases)

Lack of adequate quantity of water and
poor personal hyglene create conditiong
favourable for their spread. The intestinal
infections in this group also depend on
lack of proper human waste disposal.

Scabies

8kin sepsis and ulcers
Yaws

Leprosy

Lice and typhus
Trachoma
Conjunctivitis
Bacillary dysentery
Amocbic dysentery
Salmonellosis
Enterovirus diarrhoess
Paratyphoid fever
Ascariasis
Triheuriasis

Whipworm (Enterobius)
Hookworm (Ankylostoma)

Diseases caused by infecting agents
spreaded by contact with or ingestion
of water.

(Water-based diseases)

An esszential part of the life ecycle of
the infecting agent takes place in an
aqualic animal. Some are also affected
by waste disposal.

Schistosomiasis (urinary & rectal)
Dracunculosis (guinea worm)
Bilharziosis

Philaricsis

Oncholersosis

Treadworm

. Diseages transmitted by insects which live Yellow fever mosguite .
close to water Dengue + dengue :
(water-related vectors) hemorrhagic fever mosquito
Infections are spread by mosquitoes, flies, West-Nile and
insects that breed in water or bite near it. Rift valley fever mosquito
These are especially active and aggressive Arbovirus y
near stagnant open water. Unaffected by Encephalitides mesquito .
disposal. Bancroftian :

Filariasis mosquito :
Malaria

(diarthoea)® mosquito

Onchocerciasis Simulium fly

Slecping sickness” Tsetse fly .

. Diseases cawsed by infecting agents, Mostly Clonorchiasis Fish
contracted by eating uncooked fish and Diphyllobothriasis Fish
other food. Fasciolopsiasis Edible plant
(Faecal-disposal diseases) Paragonimiasis Crayfish

Unusual for domestic water to affect these much

Source:

Saunders, J.; Warford, J. R
Village Water Supply: Economics and poliey in the
Published for the World Bank by the Johns Hopkins
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Water-borne diseases are those carried by water that
ig contaminated with infecting agents from human or
animal origin. When the water is drunk the infecting
agents will be ingested and may cause disease.
Control of such diseases calls for improving the
quality of the water.

Diseases due to lack of water tend to be a serious
health hazard. When people use very little water,
either because there is little available or because
it is too far away to be carried home in guantity, it
may be impossible to maintain a reasonable personal
hygiene. There may be simply too little water for
washing oneself preperly, or for cleaning food uten-
sils and clothes. Skin or eye infections are thus
allowed to develop, and intestinal infections can
much more easily spread from one person to another.
Clearly, the prevention of these water-washed
diseases depends on the avallability of, and access
to adeguate supplies of water rather than 1its
quality.

WHO Photo by A.S. Kochar
Figure 1.1.
Water carried home over a long distance will be used very
sparingly

11
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Water-based diseases do not spread directly from
person to person. They are caused by infecting agents
that for an essential part of their life cycle de-
velop in specific water animals, chiefly snails and
crustaceans. Over a period of days or weeks, the
parasite larvae or eggs mature in these intermediate
hosts, and then are shed into the water. The matured
larvae or worms are infective to people drinking the
water or having contact with it.

In tropical countries biting ingsects aré common. Most
of these, notably the mosquitoes, breed in pools or
other open water, and sometimes even in household
water containers. Tsetse flies are also active near
the water. Such water~related vectors carrying patho-
gens can transmit disease.

Health hazards also emanate from infection sources
other than water. Diseases may spread through direct
contact (e.g. sciled hands) or through food, particu-
larly fish, vegetables and fruit eaten raw. Besides
safe water supply, the necessary measures to control
disease therefore should include perscnal hygiene and
inspection of food storage and market places.

Very important is the provision of adequate sani-
tation, inciuding sanitary facilities for human waste
disposal. All the water-borne and many of the water-
based diseases depend for their dispersion on infect-
ing agents from human faeces getting into drinking
water or into food. The diseases' chain of trans-
mission may be broken as effectively by sanitary
disposal of faeces as by the provision of safe and
adegquate water supplies. There are certain agents,
such as hookworm, where sanitation 1is much more
important than water supply in the prevention of
disease because transmission is from the faeces to
the so0il, and then by direct contact and penetration
through the human skin.

Improvements 1in the quality of community water
supplies will basically only affect the water-borne
diseases such as bacillary dysentery, cholera,
typhoid, and possibly schistosomiasis. Many of the
diarrhoeal disease probably are more due to a lack of
adequate quantities of water. Certainly, skin and eye
infections are in this group of water-related
diseases.

The provision of a wash tap, shower or some similar

washing facility frequently has proven to improve the
user's health situation. There 1is, however, no con-

12
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vincing evidence yet that once each family has a tap
or shower, further improvement of the water supply
will appreciably affect health. When water supplies
are developed without complementary improvements in
personal hygiene, food handling and preparaticn, and
in general health care, they are unlikely to produce
the expected health benefits.

1.2. Water supply and socio-economic development

In the industrialized countries, community water
supply systems were first provided for the larger
cities. Smaller cities and towns followed. The water
supply systems were built by the state, district or
town authorities, or by private companies. In rural
areas, community water supplies were installed much
later since public health considerations were less
pressing than in urban areas. In the first half of
the 20th century many national governments started
giving financial and technical assistance to small
communities and the extension of water supplies to
the rural population was then Jgreatly accelerated.

For significant socio-economic development of a
community, an adeguate supply of safe water is a
prerequisite. Factors such as time and energy saving
in the collection of drinking water, and a sub-
stantial reduction in the incidence of disease can
contribute to development, provided the time and
energy gained are utilized economically.

The new water supply could help activities such as
fruit and vegetable processing or fish conservation.
Whether potential productivity benefits are realized
or not depends on the specific circumstances. One
important factor is how the time and energy saved in
carrying water might otherwise be used. In some
villages the 111 health of the labour force seriously
affects agricultural development, whereas in others
there is underemployment and benefits may not be
realized unless the water supply project forms part
of an integrated rural development providing in-
creased employment. A new water supply may open
opportunities for handicraft manufacture, livestock
keeping or vegetable growing. Thus, when productive
work 1s stimulated and personal hygiene, health care
and food preparation are improved, side by side, a
community water supply can be expected to have a
positive socio-economic development impact.

13
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This 1is particularly true in arid regions or areas
with a long dry season if sufficient quantities of
water are provided to allow watering of livestock and
irrigation of vegetable gardens.

It is possible that water supply systems, in combi-
nation with complementary health and economic de-
velopment programmes, could slow migration from the
rural areas to the cities. There is little evidence,
however, that the provision of water supplies alone
will have any substantial effect on migration. It is
more likely that water supply systems can be used to
encourage, over a period of time, the grouping of
dispersed populations into wvillage units of some
size. The more concentrated the population to be
served the more 1likely it is that a financially
viable and properly maintained water supply system
can be provided. If the water supply enables and
encourages the formation of settlements of some size,
this can help improve the potential for economic
development.

In most cases it is impossible to present a rigorous
economic justification for small community water
supply projects. Instead, the justification must rest
on a gualitative assessment of the benefits antici-
pated from the water supply. The most important
direct benefits of improving the quality of water
supply generally are better hygiene and health,
greater convenience, and benefits from stock watering
and vegetable garden irrigation. Indirect benefits
commonly cited are a redistribution of purchasing
power in favour of the rural poor, a better standard
of 1living, and the development of community insti-
tutions.

1.3 Small community water supplies in developing countries

In the urban centres of developing countries, com-
munity water supply systems of the type developed in
industrialized countries can be suitable, with appro=-
priate adaptions. Because of economies of scale and
the large numbers of people to be served, the per
capita investment and operating costs of urban water
supply systems need not be high. When a substantial
number of houses are connected to the water distri-
bution system, and water charges c¢ollected on a
regular basis, the water supply undertaking can
become self-financing.

14
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In most small towns and rural communities in develop-
ing countries, the prevailing water supply conditions
are very different from urban installations. Usually
the number of people to be served by such a water
supply scheme is small and the low population density
makes piped distribution of the water costly. The
rural population often is very poor and, particularly
in subsistence farming communities, little money c¢an
be raised. Funds are hardly available to pay for the
operation and maintenance of the water supply scheme,
and small communities are unlikely to be able to
obtain the investment capital without assistance from
the national government or from external donor or
lending agencies.

Trained personnel for the operation and maintenance
of the water supply scheme are generally not avail-
able in small communities.

Qualified staff for design and construction may be
obtained with external sources assisting the national
institutes to become self-reliant. The recruitment
and training of the necessary personnel for operation
and maintenance of the water supply systems can,
however, be difficult.

One important factor is the requirement to use a
technology that is appropriate for the local con-
ditions. This technology will differ from the con-
ventional one which was mainly developed for the
larger water supply systems of cities and towns of
developed countries.

LS | \ s

Figure 1.2.
Typical small community situation
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For small communities, piped water supplies with
house-connections are often not economically feasi-
ble. In such instances, the realistic option is to
provide a number of individual or 'point' scources: a
protected well fitted with a handpump, a Spring
tapping structure or perhaps a rainwater catchment
and storage system. For larger towns and villages, a
small water treatment plant and distribution of the
water through public standpipes may be feasible. When
the community to be served makes a contribution
towards the construction costs of the water supply
system, whether by payment of funds or through the
provision of labour or construction materials, the
capital investment can be kept low. The recurrent
costs for operation and maintenance often present a
problem especially when water charges are difficult
or impossible to collect.

A small community water supply system need not be
difficult to design and construct. The engineer
should carefully select a technology which is simple,
reliable, and adapted to the available technical and
organisational skills. This is not easy but these
problems present a fascinating challenge and re-
warding field of work.

Small community water supply systems have been built
for a long time, and recently such schemes have been
constructed 1in considerable numbers. Some were
successful but the overall record does not appear
good. Sometimes small water supplies proved to be un-
suited to the conditions under which they have to
operate. Several schemes have been completely aban-
doned within a few years after their construction.
Frequent breakdowns are by no means uncommon. It is
necessary to learn from past mistakes and to recog-
nize the causes of failure. From these, guidelines
can be developed for the planning, construction,
operation and maintenance of small water supply
systems.

16
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planning and management
2.1 Planning "

In many countries the provision of community water
supply systems is a major element in the environmen-
tal health programme and they are frequently planned
in this context. However, the actual responsibility
of the public health authorities is often limited to
the quality surveillance of drinking water from
community supplies, sometimes coupled with the c¢on-
trol of sanitary facilities. In some countries the
health authorities have assumed a direct responsibi-
lity for small community water supplies and sanita-
tion 1in rural areas.

The control function in respect to water supplies and
sanitary facilities would imply an active part in the
planning, management and malntenance of all schemes.
But the health authorities may not be sufficiently
staffed and equipped to cope with the demands of such
an involvement. Engineering units of other government
departments usually carry out the bulk of water
supply planning and construction. They are likely to
concentrate their efforts on engineering and cost
aspects, and may tend to overlook the health and
social implications of drinking water supplies.

Programmes rather than projects

The planning and design of a large city water supply
system usually 1is approached as a project. The term
project is used here to describe all the preparations
for the construction of a single scheme or water
supply system. Every such major scheme is dealt with
as a separate project. However, when planning water
supply systems for a large number of small rural com-
munities, the approach should be that of a programme
rather than a series of individual projects. A pro-
gramme is here understood to be an integrated group
of continuing activities directed at the implemen-
tation of a considerable number of similar water
supply schemes or systems. The key problems are
likely to be less technical and more organisational
and administrative.Community involvement aspects will
assume a much greater significance.
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Under a programme, technical decisions often have to
be subordinated to other considerations. For example,
the number of different types or models of pumps used
in a programme should be kept to a minimum in order
to reduce supply and maintenance problems. In the
project approach, a pump would be selected to fit a
technical specification, and the maintenance system
would then be adapted to the pump's characteristics
and service reguirements.

Another basic difference is how the users peérceive
their relationship to the water supply and its cost
and benefits. The urban dweller seldom has an alter-
native water source and 1s mostly aware of the
general benefits of water supply services. Thus
little time and effort are required to convince him
of the need for more ample or safe water. In a small
rural community there 1is usually no egquivalent to
thisz urban 'demand' for water. Rural households
frequently have a choice between alternative water
sources and people have developed their criteria to
choose between them. Water is usually seen as a free
commodity. Health considerations play a minor role.
The quantities of water used are small, except
perhaps for stock watering and plot irrigation. A
strong demand for good gquality water will then
initially only exist in situations of severe
shortages or of heavy pollution of the water sources.

It is, therefore, to be expected that an urban-type
demand for water will not develop in small rural
communities without some change in deeply ingrained
water-use customs. An educational effort will have to
be linked to the rural water supply programme and
carried out with subtlety and Kknowledge of 1local
habits.

Financial Considerations

In urban areas inhabitants have usually accepted the
principle, or at least are familiar with the require-
ment that they must pay for the water, or rather for
the convenience of having safe water delivered near
the point of use. In small rural communities the
principle of paying for water is usually not widely
accepted. People feel that water, 1like air, 1is a
natural gift. It is also a fact that those living in
small communities often have little capacity to pay.
Thus, developing financing schemes will be difficult
and time-consuming, and reguires a clear understand-
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ing of local habits. For example, bills may have to
be timed with local harvests.

For any rural water supply programme, it is necessary
to establish a long-range financing arrangement.
Small communities frequently find it difficult to
obtain the capital for construction even when they
unite into a national or provincial programme. The
initiative for organizing and financing these pro-
grammes, therefore, must usually come from the
central or provincial government.

Revolving funds offer one excellent method of finan-
cing because of their flexibility and adaptability to
local needs and conditions. A revolving fund 1is a
centrally established fund which finances new pro-
jects using repayments on earlier loans. To get
started, the funds need to be established at the
national or provincial level. The benefitting com-
munities contribute labour and local materials for
construction (for example, in Latin America usually
up to 20 percent of construction costs). They then
pay a water rate that, as a rule, covers local
operation and minor repair expenses. To back up such
local efforts, the national programme should organize
a system for major repairs and maintenance at the
district or provincial level. As the payments on
earlier loans come in, the revolving fund is avail-
able to finance other schemes.

It is important to note that, in financing an urban
scheme, basically all the required funds come from
the community itself in the form of water revenues.
In contrast, for the small rural communities, about
80 percent of construction costs would come from
outside in the form of loans, grants, etc., and only
the remaining 20 percent are direct community contri-
butions such as construction materials and labour.

Recent studies in Latin America indicate that repay-
ment schemes tend to promote effective organization
at the local level. For this, the assistance of local
administrators is essential. Communities do get used
to community financing of water supply services and
one of the major benefits seen is a greater community
involvement.

Typical designs and standardisation

As one examines the thousands of small water supply
systems required, one 1is struck by the number of
repetitive elements: wells, intake structures, water
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tanks, pump houses, etc. Substantial cost savings can
be had if standard designs and construction tech-
niques are used. In addition, costs can also be
reduced by using technicians who are trained in the
repetitive systems, limiting the number of profes-
sional engineers needed.

An advantageous approach has been developed in Latin
America. Within this approach, the programme is

broken down into its component parts - community
promotion, technical design, programme financing,
etc. - and each component is considered for its

effects upon the others. A programme is developed
which incorporates these elements into the least-cost
solution that will best utilize the programme resour-
ces (manpower, finance, technology and management).
It is obvious that, since a rural water supply pro-
gramme must repeat many tasks in thousands of villa-
ges - 1in some countries, in tens of thousands of
villages = the development of standard designs be-
comes a necessity.

These designs must allow for rapid and effective
construction techniques, through repetitive work by
relatively unskilled artisans with standard equipment
and plant. Unit design constitutes an essential
feature. The savings 1in planning and supervision
costs will almost certainly outweigh the slight
technical inefficiency of such a design. It is possi-
ble to devise a very simple form of investigation
which will enable a technician or sanitarian to
collect in one day sufficient information about a
small water project to support its qualification for
a certain type of design.

Standard design criteria should be sgelected, pre-
designed elements (tanks, pump houses, etc.) and
uniform equipment lists should be prepared. Once the
design of a particular scheme has been reviewed by an
engineer, the materials would be assembled in a
central yard and sent to the community as a package,
together with all the necessary tools and items not
readily available locally. Professionals would also
develop techniques and strategies for involving the
community. These are formalized as work modules for
each phase, and used in the training of personnel
assigned to implement them at the local level. The
design of both the technical and community involve-
ment modules are determined in the context of the
overall programme.
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2.2 Management and supervision

The following table outlines the principal functions
carried out at +the national, provincial and 1local
levels. In some countries, provincial programmes are
set up to operate autonomously but they are linked to
the national programme by means of standard criteria,
designs and financial assistance.

Table 2.1,

Functional division over different levels of government
Level Functions
National . Long-term planning.

Establishment of policies

(technical and administrative) and

standards.

Management of national funds, and

matching these to local contributions,
+  Supervision of the execution of the

national plan.

Supervision of provincial programmes.

General finamecial control.

Provision of technical assistance.

Training.

Provincial . Programme implementation,

(and District) . Design.
Construction, and administration of
projects.

Promotion of community participation.

Local . Administration of community water supply
systems.,
Operation and maintenance.
Collection of water charges.

It will not be possible to include all the existing
small and rural communities into the national or
provincial water supply programme at once. A
selection will have to be made which will be amended
and updated periodically. The criteria for selection
and the order of priority for the construction of
schemes will be determined at the national or
provincial level taking into consideration all rele-
vant factors.

The objective of any rural water supply programme
should be as specific¢ as possible. For instance:'All
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communities of 500 persons or more, and 50% of the
smaller communities will have a safe water supply
within a distance not exceeding 500 metres from each

individual house, within 8 years'. Or, 'The goal is
to provide drinking water to 90% of the rural com-
munities in districts A and B within 22 months'. In

contrast, 1t 1is vague to state the objective as
'Improvement of the water supply of small communi-
ties'.

A strong commitment to the programme at the national
policy level is essential in order that the programme
can operate on a long-term basis. 1t is often neces-
gary to provide subsidies for some time until the
communities served by the new schemes appreciate the
benefits of an adequate supply of safe water. Once
the people understand this, the process becomes one
of a continuous upgrading of the basic service until
it, hopefully, will reach a level where it is both
firmly supported by the community and financially
self-sufficient.

The management, operation and maintenance of a water
supply system is a matter that should be kept in mind
by policy-makers and design engineers from the ear-
liest planning stage. The following statement summa-
rizes this eloguently (Wagner & Lanoix, 1959):

' The engineer who makes the preliminary field in-
vestigations and designs c¢an, by his decisions,
facilitate or complicate future operation and main-
tenance problems. This will depend on whether he is
searching simply for a solution, or for the best
possible solution. Often, as a result of haste, these
studies become less thorough than they should be. The
engineer in charge of field investigations and design
controls one of the most important phases which bears
heavily on the future functioning of the project'.

'If by diligent work he c¢an eliminate a pump, an
engine, another piece of eqguipment, or a treatment
process, he is thereby removing a possible obstacle
to efficient operation. An understanding of the
operational problems of small water systems, perse-
verance in the search for simple solutions, and
vigilance in approval of projects are the best pos-
sible measures to facilitate the operation and main-
tenance of these systems, and, thus, to ensure the
fulfillment of their function'.

' From the administrative standpoint, proper manage-
ment of a water supply system, no matter how small,
requires operating funds, personnel and organizatio-
nal services. Since these are within the control of
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local authorities, early negotiations should be un-
dertaken, and a considerable degree of agreement
should be reached, before the project gets into the
construction stage. These negotiations are not always
easy, as some officials, whether selected or ap-
peinted, will jealously guard their full authority,
even though they may have had no previous experience
in water supply management'.

2.3 Manpower and training

The number of personnel needed to manage and operate
a small water supply greatly depends on the type of
distribution system, if any, and whether there is a
water treatment plant and/or pumping station. It
should not be expected that gualified personnel will
be found in small towns and villages. However, it
will often be possible to recruit and train poten-
tially good employees for both administrative and
operational functions. One of the methods which has
proven succesful consists of using the construction
period to select and train the key personnel who,
later, will be responsible for operational duties.
During this phase, they have an opportunity to learn
how the system is put together and works. In this way
they can best understand and perform the maintenance
work which is expected of them.

The actual selection of these men may, in some in-
stances, be a delicate matter inasmuch as their
employment may be the normal function of the local
government. With tact and understanding, however, it
should be possible to find candidates who are accept-
able to the local authorities and who possess the
minimum gualifications required.

The challenge will be in the use of sub-professional
personnel, While managers and engineers who are
experienced in community systems should manage the
programme, their task will be so great (and they are
usually so few) that they will have to devote their
time to directing, planning, reviewing and super-
vising the programme. A special group of sub-profes-
sional technicians and/or sanitarians sghould be
trained for the day-to-day cooperation with the
communities, the collection of field data, prospec-
ting for and investigation of water sources, the
preparation of the repetitive designs as well as the
inspection visits to the completed systems.
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In small undertakings, each person 1in a supervisory
position has to perform a number of functions and
without proper training he is bound to be inefficient
in any individual function. Training is, therefore,
particularly important for manpower engaged in small
community water supply systems.

Training should stress the practical aspects of the
subjects covered and should include a minimum of
formal lectures. The programme of training may be
accompanied, when circumstances permit, by a pro-
gramme of examination and certification of water
system technicians and operators, several grades
being established for each category of personnel.
Such a programme, which may be undertaken in collabo-
ration with local educational authorities, will help
to create an incentive on the part of the water
supply personnel for technical development and pro-
gress towards more responsible positions.

One cannot overstress the need to develop in the mind
of every waterworks cofficial, whether offjice or field
employee, the concept of 'service to the community'.
Both the administration and the operation of a water
system, large or small, should be geared towards the
provision of a satisfactory service to the consumer.
In many rural areas, this will be a novel idea. Often
rural or swmall-town folk do not think of public
utilities as agencies from which they can expect or
demand service. To them the water supply may be
thought of in terms of the mail service: poor and
intermittent. Their attitude would be one of compla-
cency. Much effort should be made by the responsible
agency to ensure that neither the people served nor
the watersupply employees develop this sort of
attitude. The objective should be to make the em-
ployees understand the importance of giving a
satisfactory service to consumers, and their role and
responsibility in this. On the other hand, the local
population needs to develop a sense of ownership and
pride in the water supply system and to understand
that it has a right to demand service, These pro-
cesses are neither simple nor quick. However, once
they are established, the service concept will grow
and become more generally accepted. The critical time
is in the early stage.
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2.4 Community involvement

Acceptance of a small water supply system by a com-
munity is by no means assured. The users may not be
satisfied by the supply provided, if it does not meet
their expectations. Waiting in long lines to collect
water, intermittent service and insufficient supplies
during some or many hours daily, are common problems.

Engineers and technicians sometimes go to small
communities, install water supply systems, and expect
the villagers to use them with care for long periods
of time. Too often, the people who are to benefit
from the water supply system are not consulted on
matters of design, construction, use and maintenance
of the facilities. It 1is difficult, if not im-
possible, to achieve the continucus functioning of a
small water supply without some degree of community
involvement. If the installations are not accepted
and supported by the community, they are likely to
suffer from misuse, pilferage or even vandalism.
Conversely, it has been seen time and again that,
with proper consultation and guidance, people can be
motivated to help in the planning, construction,
operation and maintenance of water supply systems for
their communities.

The positive role of community involvement in water
supply development can be illustrated by events in
Malawi. Here, participation of local people was the
key to success in bringing piped water to over
150,000 villagers in water-scarce areas, at a cost of
about USS 3 per person only. The villagers dug all
the trenches, laid the pipes (supplied by the govern-
ment and aid agencies), and constructed concrete
aprons and soak pits. Small-scale pilot demonstra-
tions were 1initially used, leading to large public
meetings where there was a chance to discuss all
aspects of the new system. As the project evolved,
the concept of the 'project assistant' was intro-
duced; three-week training courses were conducted for
men who had been carefully selected by the com-
munities and were charged with responsibility for the
local systems.

Analysis of existing small community water supplies
has shown that participation in the early design
stages greatly contributes to the success of a pro-
ject. The choice of water source, the level of ser-~
vice and the siting of the water supply facilities in
particular are decisions in which the community can
be usefully involved. A second consideration for more
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community involvement in the design stage, the safe-
guarding of the interests of weaker sections of the
community, will be more difficult to accept. Yet many
of the decisions that are taken in this phase may
lead to a worsening of the position of disadvantaged
groups. Social problems impairing the access to the
supply, loss of employment, loss of social contacts
for women, and the domination of local elites in the
water organization are all possible conseguences of a
new water supply system.

Ny

UNLCEF/WHO puote by iatheson

Figure 2.2. - ‘
Community involvement in construction

Community involvement in the construction of small
water supply systems can take many forms. Local
contributions in cash, labour, materials, services
and organization will reduce the required capital
invegtment, stimulate feelings of 1local pride and
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commitment, develop local capabilities, and present
opportunities for the selection and training of
suitable personnel for maintenance of the supply. It
will also promote the proper use of the supply by the
people. But such community involvement can make too
great a claim on the available resources and time,
resulting in a poor standard of construction, delays,
difficulties 1in the recruitment of the required
personnel and local conflicts. Generally, some in-
volvement of the community in the construction of the
water supply is regarded necessary but the usefulness
of local labour depends to a considerable extent on
the type of technology adopted, the local conditions
and the availability of technical supervisors.

The delegation of operation and maintenance tasks to
a community is more common today than it was some
years ago. These delegated responsibilities vary
widely, from some checking and reporting, or basic
routine maintenance, up to the training of caretakers
and operators. There is a considerable range of local
organisation and administrative arrangements.

Three approaches may be distinguished: a standard
approach, individual arrangements, and a compromise
combination. In Latin America, a standard approach
has been used with fixed selection procedures, formal
delegation of responsibilities and authority,
supplemented by training and supervision. Elsewhere,
individual arrangements are common which are adapted
to the existing community organization. However,
these arrangements lack a legal base and their
effectiveness is often limited. As a compromise, some
flexibility can be brought into the standard approach
to suit the local, gocial and cultural pattern. This
relates to matters such as the selection procedures,
scope of community organization and division of
responsibilities and authority.

If the cooperation between the community and the
water supply agency or health deparment is to be
effective, both sides will have to be partners in a
full exchange of information and views. The water
supply agency needs to set forth the desired goals of
the community water supply system. Health education
may be part of the motivation for the water project
and should start as early as possible. On the other
hand, local conditions, expectations, and constraints
will also play important roles. The water agency
therefore needs to receive sgufficient information
about the socio-economic and cultural background of
the community.
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Project information and general health education
during the planning phase may be followed by more
specific educational efforts, such as training for
delegated tasks. A users'! education programme can be
started before the installation is completed. Health
education may be continued as a more specific pro-
gramme on personal, household and public hygiene and
other related health aspects. The integration of
health education as a part of any water supply pro-
ject has already been emphasized. The provision and
use of safe water alone will not be enough to achieve
a health impact. Usually, improvements in disposal of
waste, nutrition, animal hygiene, housing, insect and
rodent control, and food hygiene will be needed as
well. In some countries water projects are part of
the primary health care programme, or they are linked
to nutrition projects. However, even when water
supplies are planned and implemented independently,
engineers should discuss with the community the role
water can play in local development and they should
encourage other agencies to link their programmes to
the water project.

WHO Photo by D. Deriaz

Figure 2.3.
Educating the peaple about water (Iran)
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2.5 Maintenance

Experience shows that small community water supplies
are often more difficult to be kept running than to
construct. The need for maintenance 1is generally
recognized but the actual maintenance work is
frequently neglected. A basic principle in the
planning of any small community water supply should
be that the technical design keeps in view the
maintenance reguirements of the installations and
equipment. The maintenance scheme should be feasible,
just as the technical design should be cost-effective
and suited to the local conditions.

Two factors contribute to most failures in small
community water systems:

a) Equipment and materials are used under conditions
for which they are not designed;

b) Operators who, due to ignorance or disinterest,
do not recognize the indications which precede
breakdowns and failures.

The typical operator of a small water treatment plant
also supervises or actually makes water service
connections, reads meters, answers complaints and
orders needed supplies and equipment. He must also
argue his case before the town board, village chief
or water committee. He 1s lucky if he receives half
the pay he is worth. Operators of small water supply
plants have limited resources available to them, and
are frequently called upon to perform extensive
tasks. They often get 1little support and appre-
ciation. Yet they have to carry out their work in a
creditable fashion.

By careful review of plant, design and specifi-
cations, the water supply agency can prevent or
eliminate most difficulties of a mechanical nature.
The reduction of troubles caused by the human element
is harder to achieve., But much can be done, as pre-
viougly indicated, through training of field person-
nel, technical assistance and supervision.

The following reasons make it particularly important
to provide for proper operation and maintenance.

The effect of an inoperative community water supply
on the health of the users. This may be difficult to

the incidence of intestinal diseases is related to
the use of polluted water. Improvements in the health
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situation that can result from the supply of safe
water, are lost when the water supply breaks down.

In small rural and urban sguatter communities where
the provision of safe water is most important, the
introduction of a new water supply is often a major
event. Frequently this event alsoc forms part of the
health education towards the hygienic use of the
water. If the water supply becomes inoperative, the
chances of improving the hvgienic prac¢tices in the
community will be lost for months, if not years.
Furthermore, if the water supply scheme was con-
structed with contributions from the community,
whether in kind or money, the people will probably
view the breakdown of the supply as evidence that
their contribution is wasted. It is likely that they
will be unwilling to further cooperate with the water
supply agency or the government.

The above facts are difficult to analyse from a
strictly economic point of view. However, a tentative
assessment of the economic impact is as follows:

A country may have some 10,000 small community water
supplies representing an average investment of about
$ 30,000 each. If only 75% of these schemes are
functioning, then 2,500 schemes are out of operation
at any one time. Should an improved maintenance
system ensure the continuous operation of 1,500 out
of these 2,500 schemes, this would be eguivalent to a
capital investment of $ 45 million! Moreover, expe=-
rience shows that installations remaining out of
order for more than a few days are likely to suffer
from pilferage and vandalism. It is not unusual that
equipment is stolen from them. Therefore, not only
the inconvenience and health hazards of inoperative
small water =upplies should be considered but also
the loss of equipment, spare parts and construction
materials.

The primary responsibility for the continuous func-
tioning and maintenance of a small water supply
system lies with the community, at the local level,
backed by district support and the national water
supply programme. A good example of this comes from
the State of Tamil Nadu, in India, where a three-tier
maintenance system was introduced. Since 1971, about
15,000 deep-well hand pumps have been installed and
about an egual number of shallow-well hand pumps,
serving villages in the rural areas of the State. The
three-tier system is intended to provide maintenance
of these wells and pumps.
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The three-tier maintenance system comprises the
following service personnel:

1) Caretaker at village level

An interested and capable volunteer, who usually lives close
to the handpump, is chosen from among the villagers. He may
be a farmer, shopkeeper, artisan or social worker. He is
given a two-day orientation course on the importance of
drinking water supply and on the mechanism, operation and
servicing of hand pumps. He is trained to attend to minor
repairs and is supplied with basic tools. He is also given
pre-stamped and addressed postcards in the local language,
When a breakdown occurs, the caretaker tries to fix it. If
he can not do so, he specifies the type of repairs needed on
two postcards, one of which he posts to the block-level
'"fitter' and the other to the District mobile team. So far,
some 2,000 caretakers have been trained in Tamil Nadu State.

2) 'Fitter' at the block level

One ‘'fitter' (service mechanic) for every 100 handpumps is
appointed at the block level. He is under the supervision of
the Block Development OQfficer. Upon receipt of a request
from a caretaker, the fitter proceeds to the village and
attends to repairs, if the problem is located in the 'top
end' of the mechanism.

3) Mohile team at the district level

In case of the need for major repairs, it is the mobile team
at the district level which proceeds to the village upon
receipt of the postcard. There is one such team for every
1,000 handpumps and, therefore, this often invelves a delay
of a week or more. To reduce this waiting, the Tamil Nadu
Government is now recommending one such team for every 500
handpumps. Any expenses incurred in the repairs are shared
by the government and the local 'gram panchayats' (village
councils).

Some breakdown of a water supply plant and equipment

is inevitable in spite of the best maintenance

measures taken. In order to deal with such breakdown

efficiently and with minimum delay, the following

facilities should be available:

- Workshop facility

- sufficient stock of necessary spares, etc.

- Technical staff

- Communication facility

- Directory of addresses and names of flrms and
suppliers

- Training programme.
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2.6 Emergency operation

Every community water supply system, large or small,
should have some emergency procedures which may have
to be operated in situations such as earthquake,
flood, or war damage. It must be recognized that, in
such circumstances, water is probably the most urgent
need of people who will use any available source,
polluted or not, unless provision is made quickly for
a supply of safe water. It is recommended that, soon
after the installation of a new water system, or even
before, a realistic inventory be made covering all
available sources of water, public or private. This
inventory should include personnel resources and the
available emergency-type water supply equipment, hand
and motor pumps, water-tank trucks, pipe accessories,
mobile or potable filter units, tools and spare
parts, and chemicals (especially those for water
disinfection purposes).

buring emergencies, a minimum of 2 litres of water
per person should be provided daily for drinking and
3 litres for other purposes, in such places as
temporary shelters. In camps with tents, a minimum of
10 litres per person should be provided. This amount
should be doubled for the supply of temporary hospi-
tals and first-aid stations. While ground-water
supplies from properly constructed wells, infiltra-
tion galleries, and spring structures may be regarded
as safe, all surface water should be considered of
doubtful quality. It has to be disinfected by boil-
ing, chlorination or disinfection by iodine com-
pounds. The free chlorine residual in reasonably
clear water at times of emergencies should be not
less than 0.5 mg/l after 30 minutes of contact for
water that has not been filtered.

35




36




Planning and management

Bainbridge, M.; Sapirie, S.

HEALTH PROJECT MANAGEMENT

A Manual of Procedures for Formulating and Tmplementing Health
Projects.

World Health Organisation, Geneva, 1974

(WHO Offset Publication No. 12)

Barker, H.W.

ASSESSMENT OF MANPOWER NEEDS AND TRAINING PROGRAMMES

In: International Training Seminar on Community Water Supply
in Developing Countries

International Reference Centre for Community Water Supply, The
Hague, 1977 (Bulletin No. 10)

Cairncross, S.; Carruthers, I.; Curtis, D.; et al

EVALUATION FOR VILLAGE WATER SUPPLY PLANNING

International Reference Centre for Community Water Supply, The
Hague, 1980, 175 p. (Technical Paper Series No. 15)

Campbell, 5.; Lehr, H.
RURAL WATER SYbTEMS PLANNING AND ENGINEERING GUIDE
National Water Well Association, New York, 1973

Donaldson, D.

PLANNING WATER AND SANITATION SYSTEMS FOR SMALL COMMUNITIES
In: International Training Seminar on Community Water Supply
in Developing Countries. (Amsterdam, 1976)

International Reference Centre for Community Water Supply, The
Hague, 1977 (Bulletin No. 10, pp. 71-105).

Also presented as:

LA PLANIFICACION DE SISTEMAS DE AGUA Y SANEAMIENTO PARA PEQUENAS
COMUNIDAS

In: Curso Corto de Planificacion y Programacion de Saneamiento
Bsico Rural, (Managua, Nicaragua, November 1977)

Panamerican Health Organisation, Washington, D.C., 1978

Imboden, N.

PLANNING AND DESIGN OF RURAL DRINKING WATER PROJECTS
OECD Development Centre, Paris, 1977, 51 p.
«(Occasional Paper No. 2)

Kantor, Y.

RESEARCH TRAINING AND TECHNOLOGY ASPECTS OF RURAL WATER
SUPPLY AND SANITATION IN DEVELOPING COUNTRIES

World Bank, 85 p.

Pacey, A. (Ed.)

TECHNOLOGY 1S NOT ENOUGH: THE PROVISION AND MAINTENANCE OF
APPROPRIATE WATER SUPPLIES

In: Water Supply & Management, Vol. 1 (1977), No. 1, pp. 1-58

37




Wijk-Sijbesma, C. van
PARTICIPATION AND EDUCATTON IN COMMUNITY WATER SUPPLY AND
SANITATION PROGRAMMES (2 volumes)
International Reference Centre for Community Water Supply, The
Hague, 1979, 1980.
- A selected and Annotated Bibliography, 238 p.
(Bulletin Series No. 13, 1980)
- A literature Review, 204 p. (Technical Paper No. 12, 1979)

Pisharoti, K.A.

GUTDE TO THE INTEGRATION OF HEALTH EDUCATION IN ENVIRONMENTAL
HEALTH PROGRAMMES

World Health Organisation, Geneva, 1975

Schaefer, M.

THE ADMINTISTRATION OF ENVIRONMENTAL HEALTH PROGRAMMES:
A SYSTEMS VIEW

World Health Organisation, Geneva, 1974

(Public Health Paper No. 59)

Stanley, S.

BETTER PLANNING 18 THE KEY

In: Reports, 6(1977)3

International Development Reseavch Centre, Ottawa, 1977

Wagner, E.G.; Lanoix, J.N.

WATER SUPPLY FOR RURAL AREAS AND SMALL COMMUNITIES
World Health Organisation, Geneva, 1959, 337 p.
(Monograph Series No. 42)

WATER AND COMMUNITY DEVELOPMENT
In: Assignment Children 1976, No. 34, (April-June)
UNICEF, Geneva.

White, G.F.

DOMESTIC WATER SUPPLY IN THE THIRD WORLD

A paper presented at the IAWPR Symposium:

"Engineering, Science and Medicine in the Prevention of Tropical
Water Related Diseases'; London, December 1978.

In: Progress in Water Technology, Vol. 2 (1978)

Nos. 1 and 2, pp. 13-19

Whyte, A.

TOWARDS A USER-CHOTCE PHILOSOPHY IN RURAL WATER SUPPLY PROGRAMMES
Assignment Children 1976, No. 34 (April=-June)

UNTCEF, Geneva,

38




water quantity and quality

water quantity and quality
3.1 Water use and consumption

Depending on climate and work load, the human body
needs about 3 - 10 litres of water per day for normal
functioning. Part of this water is derived from food.
The use of water for food preparation and cooking is
relatively constant. The amount of water used for
other purposes varies widely, and is greatly in-
fluenced by the type and availability of the water
supply. Factors influencing the use of water are
cultural habits, pattern and standard of 1living,
whether the water is charged for, and the cost and
quality of the water.

The use of water for domestic purposes may be subdi-
vided in various categories:

- drinking

- food preparation and cooking

- cleaning, washing and personal hygiene
- vegetable garden watering

- stock watering, and

- other uses including waste disposal

Individual house connections provide a higher level
of service than a tap placed in the house vyard
('yard connection') which in its turn is generally
preferred over a communal water point such as a
village well or a standpipe. In the selection of the
type of water supply system, finance is usually an
important factor, and the choice also depends on the
location and size of the community, the geographical
conditions, and the available water source.

Water use and consumption data are frequently ex-
pressed 1in litres per capita (head) per day
(l.c.d.)*. Although such data neglects the fact that
in a household a considerable part of the water use
is shared by all members of a family (e.g. cooking,
cleaning), per capita daily water usage data are
useful for making rough estimates of a community's
water demand.

*  Previously, per capita water use data expressed in gallons
per day was common.

39




water quantity and quality

In table 3.1 typical domestic water usage data are
listed for different types of water supply systems.

Table 3.1.
Typical domestic water usage

Type of Water Supply Typical Water Range
Consumption (litres/capita/day)
(litres/capita/day)

Communal water point
(e.g. village well,
public standpost)

— at considerable distance (2» 1000 m) 7 ' 5- 10
- at medjum distance (500 - 1000 m) 12 10 = 15

Village well .

walking distance € 250 m © 20 15 = 25
Communal standpipe

walking distance € 250 m 30 20 - 50

Yard connection

(tap placed in house-yard) 40 20 - 80

House connection
- single tap 50 30 - 60
- multiple tap 150 70 = 250

Sometimes, the number of households (families) in a
community is easier to determine than the number of
individuals, and the domestic water use can then be
computed using an estimated average size of family.

Usually water from the community water supply is also
used for other than domestic purposes, and in such
cases additional amounts of water should be provided
for these categories. Table 3.2 gives indicative
data.

All the water requirements mentioned should be used
for preliminary planning and design purposes only. It
may serve as a rough guide. For the final design,
criteria are needed that are specific for the country
or area concerned. Studies of existing small com-
munity water supply systems in the same area can
provide very useful water usage data. Field measure-
ments should be taken whenever possible.

It is very difficult to estimate accurately the-
future water demand of a community and the design
engineer must exercise considerable judgement in his
analysis.
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Table 3.2.

Various water requirements

Category Typical Water Use
- Schools

. Day Schools ; ) 15 - 30 1/day per pupil

. Boarding Schools ¢ . 90 ~ 140 1/day per pupil
- Hospitals

(with laundry facilities) 220 - 300 1/day per bed
-~ Hostels 80 - 120 1/day per resident
- Restaurants 65 — 90 1/day per seat
- Mosques . ) 25 — 40 l/day per visitoer
- Cinema Houses ) 10 - 15 1/day per seat
- Qffices o 25 = 40 l/day per person
- Railway and Bus Stations 15 = 20 1/day per user
- Livestock

. Catcle 25 - 35 1/day per head

. Horses and Mules ; 20 = 25 1/day per head

. Sheep ) . : 15 - 25 1/day per head

. Pigs 10 = 15 1/day per head
- Poultry

. Chicken 15 - 25 1/day per 100

The water usage figures given above include about 20%
allowance for water losses and wastage. 1f there is
considerable leakage or unauthorized withdrawal of
water from the distribution system, the required
supply of water will obviously be greater. In some
cases these water losses may be as high as 30 - 50 %
of the supply.

As a tentative estimate, a water supply system for a
more or less centralized community settlement would
need to have a capacity of:

H about 0.3 1/sec. per 1,000 people when the water is mainly
distributed by means of public standpipes;
about 1.5 1/sec (or more) per 1,000 people when yard and
house connections predominate.

To allow for future population growth, and a higher
use of water per person (or per household), a com-
munity water supply system should have a sufficient
surplus capacity. The design is typically based on:
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~ the daily water demand estimated for the end of a
specified period (the "design period), e.g. 10
years;
or

- the present water demand plus 50%:
or

- the demand computed on the basis of the popu-
lation growth estimate.

The 'population growth factor' may be read from table
3.3.

Table 3.3.
Population growth factor

Design period Yearly growth rate
(years) 27 3z 4 % 5%
10 1.22 1.34 1.48 1.63
15 1.35 1.56 1.80 2,08
20 1.49 1.8 2.19 2,65

A community water supply system should also be able
to cater for the maximum hourly or peak water demand
during the day. (See: Chapters 18 'Water Transmis=-
sion' and 19 'Water Distribution').

3.2 Water quality

The relationship between water gquality and health
effects has been studied for many water quality
characteristics. An examination of water quality is
basically a determination of the organisms, and the
mineral and organic compounds contained in the water.

The basic requirements for drinking water are that it
should be:

- Free from pathogenic (disease causing) organisms.

- Containing no compounds that have an adverse
effect acute or in the long term, on human
health.

- Fairly clear (i.e. low turbidity; little colour).

- Not saline (salty)

- Containing no compounds that cause an offensive
taste or smell.
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- Not causing corrosion or encrustration of the
water supply system, nor staining clothes washed
in it.

For their ready application in engineering practice,
the results of the studies and research on drinking
water gquality must be laid down in practical guide-
lines. Usually these take the form of a table giving
for a number of selected water gquality parameters,
the highest desirable level and the maximum permis-
sible level. Such values should be regarded as indi-
cative only, and should not be taken as absolute
standards.

The most important parameter of drinking water gquali-
ty is the bacteriological guality, i.e. the content
of bacteria and viruses. It 1is not practicable to
test the water for all organisms that it might
possibly contain. Instead, the water is examined for
a specific type of bacteria which originates in large
numbers from human and animal excreta and whose
presence in the water is indicative of faecal con-
tamination. Such indicative bacteria must be spe-
cifically faecal and not free-living. Faecal bacteria
are members of a much wider group of bacteria, the

coliforms. Many types of coliform bacteria are
present 1in soil. Suitable indicator bacteria of
faecal contamination are those coliforms Xknown as
Escherichia-coli (E-coli), and faecal streptococci.

They are capable of easy multiplication. When these
bacteria are found in the water, fairly fresh faecal
contamination is indicated, and on that basis there
is the possibility of the presence of pathogenic
bacteria and viruses. Either one or both of these
coliform and streptococci bacteria may be used as
indicator organisms.

In almest all small community water supply systems
faecal bacteria are likely to be found. It would be
pointless to condemn all supplies that contain some
faecal contamination, especially when the alternative
source of water is much more polluted. Rather, test-
ing of the bacteriological gquality of the water
should examine the level of faecal pollution, and the
amount of contamination of any alternative sources.

Water samples should be collected in sterile bottles
according to standard procedure. They should be
shaded and kept as cool as possible. It is necessary
to carry out bacteriological examination of samples
within a few hours after sampling, otherwise the
results will be quite unreliable.

There are two methods for conducting tests on the
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levels of faecal c¢oli and faecal streptococci in
water: the multiple tube method for establishing the
most probable number (M.P.N.), and the membrane
filtration method.

In the multiple tube method, small measured dguan-
tities of the water sample are incubated in 5 or 10
small flasks containing a selective nutrient broth.
The most probable number of bacteria in the sample
(M.P.N.) can be estimated on the basis of the number
of bottles which show signs of bacterial growth.

In the membrane filtration method, water is filtered
through a membrane of special paper which retains the
bacteria. The membrane is then placed on a selective
nutrient medium and incubated. The bacteria multiply
forming visible colonies which can be counted. The
result is expressed as number of bacteria per 100 ml
of water. Direct counts of faecal coli and faecal
streptococci can be made in 24 and 48 hours re-
spectively. There is ne need for confirmatory tests
to check the species of bacteria as in the multiple
tube method.

The equipment and materials necessary in the multiple
tube method for faecal coli are cheaper and generally
more readily available in developing countries, than
is the case for the membrane filtration method. The
problem with using the multiple tube method for
faecal streptococci is that the required 5 days'
incubation time is not so practical. The membrane
filtration method is applicable both for faecal coli
and faecal streptococci. It gives rapid results which
are easy to interpret and gquite accurate. The
membrane tests can be carried out on site in the back
of the wvehicle. The multiple tube eguipment 1is
fragile and requires special provisions during
transport. Taking all factors into consideration, the
membrane filtration method is to be recommended.

In either of the methods, the facilities for the
incubation are the main constraint. The difficulty is
the accurate control of the temperature. For faecal
coli, incubation should be at an accurately con-
trolled temperature of 44.5° C t 0.2° C. This degree
of temperature control i1s not easy to achieve in an
incubator under field conditions but special portable
incubators are commercially available which can
maintain the temperature within the required narrow
range. They are relatively expensive (several hundred
dollars) and require a power source such as a car
battery for operation. If incubation with an accurate
temperature contrel is not possible, the recommended
practice is that only faecal streptococeci should be
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counted. For this c¢ount, incubation is required at
35-37° C which can be more readily provided.

where possible, examination for both faecal coli and
faecal streptococci should be made. This will provide
an important check on the validity of the results. It
also gives a basis for computing the ratio at which
the two species of bacteria are present from which a
tentative conclusion can be obtained whether the
faecal pollution is of animal or human origin.

The following bacteriological quality criteria are
generally applicable for small drinking water sup-
plies:

Coliforms - less than 10 per 100 ml¥*
(average

number present

in the drinking

water sampled) .

E. coli - less than 2.5 per 100 ml¥

There are cases where the water from a community
water supply 1s bacteriologically acceptable, yet
unfit as drinking water due to excessive organic or
mineral contents. The main problems are caused by
iron and manganese, fluoride, nitrate, turbidity and
colour.

Table 3.4 gives guidelines for a number of these and
other water quality parameters.

These water gquality guidelines should always be
applied with common sense, paricularly for small
community and rural water supplies where the choice
of source and the opportunities for treatment are
limited. The criteria should not in themselves be the
basis for rejection of a groundwater source having
somewhat higher values for iron, manganese, sulphates
or nitrates than in the table. Care must be exercised
in respect of toxXic substances such as heavy metals.
These should be allowed only after expert opinion of
the health authorities has been obtained.

Many developing countries are aiming in their actual
water supply practice to meet as far as possible the
above guidelines that are derived from recommenda-
tions formulated by the World Health Organization.

*  Statistically determined as most probable number
(M.P.N.), or measured by membrane count.
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Table 3.4. _
Guidelines for drinking water quality

Water Quality Parameter measured highest maximum
as desirable permisaible
level level
Total dissolved solids* . mg/l 500 2000
Turbidity FTU 5 25
Colour ) mg Pt/l 5 ~ 50
Iron mg Fe'/1 0.1 1.0
Manganese mg Mn++/1 0.05 0.5
Nitrate mg No;/l 50 100
Nitrite o mg N/1 1 2
Sulphate ng SOA__/I 200 400
Fluoride mg F /1 1.0 2.0
Sodium mg Na'/1 120 400
Arsenic mg ast/1 0.05 0.1
Chromium (hexavalent) mg Cr6+/1 0.05 ) 0.1
Cyanide (free) mg CN /1 0.1 0.2
Lead ng Ph/1 0.05 0.10
Mercury mg Hz/l 0.001 0.005
Cadmium mg Cd/1 0.005 0.010

This inecludes the major dissolved solids such as SOA'—, c1”, Heo, ,
Ca++, Mg++ and Na+. The levels indicated depend on the climate, the
type of food, and the work load of the water user. In some recorded
cases, people have lived for months on water having a total dissolved

s0lids contant in excess of 5000 mg/l.

Although the water supply agency concerned may under-
take to carry out the necessary tests on water qua-
lity on a regular basis, final approval and control
of drinking water quality should remain with the
health authorities.
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. United Nations Photo
Figure 3.1.
Water Sampling (Gabon)

For small supplies which freguently are to be
provided from individual wells, boreholes or springs,
the water quality criteria given above, may have to
be relaxed. Obviously, in all instances, everything
possible should be done to limit the hazards of
contamination of the water. Using relatively simple
measures such as the lining and covering of a well,
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it should be possible to reduce the bacterial content
of water (measured as coliform count) to less than 10
per 100 ml, even for water from a shallow well.
Persistent failure to achieve this and particularly
if E. coll is repeatedly found, should as a general
rule lead to condemnation of the supply. **

For the adequate interpretation of chemical and
bacteriological analyses of drinking water supplies,
a sanitary survey 1is essential. Many potential
hazards can be detected by a careful study of the
water source, the treatment works and the distri-
bution system. No bacterioclogical and chemical tests
can be substituted for a complete Kknowledge of the
water supply system and the conditions under which it
has to operate. Samples represent a single point in
time and, even when samples are taken and analysed
regularly, contamination may not be revealed es-
pecially when it is intermittent, seasonal and
random.

Guidelines for sanitary surveys are given in Annex 1,
where essential factors are listed that should be
investigated or considered.

et

#= Internatjonal Standards for Drinking Water
(3rd Edition); World Health Organization, Geneva, 1971.
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4.1 Water occurrence and hydrology

The first step in designing a water supply system is
to select a suitable source or a combination of sour-
ces of water. The source must be capable of supply-
ing enough water for the community. If not, another
source or perhaps several sources will be required.

The water on earth, whether as water vapour in the
atmosphere, as surface water in rivers, streams,
lakes, seas and oceans, or as groundwater in the sub-
surface ground strata is for the most part not at
rest but in a state of continuous recycling movement.
This is called the hydrological cycle (Fig. 4.1.).

WATER VAPOUR TRANSPORT

-—

ICE & SNOW l l—ﬁl (ﬁmn -
SOURCE OF ENERGY

TRANSPIRATION

EVAPORATION

Figure 4.1
Hydrological cycle

The driving forces are the sun's energy and the
earth's gravity. Water from the atmosphere falls to
the ground as rain, hail, sleet and show or condenses
on the ground or on the vegetation. Not all this
water adds to surface or groundwater resources, as
part of it evaporates and returns directly to the at-
mosphere. Another part 1is intercepted by the vege-
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tation or is retained on the ground, wetting the
topsoil.

Water accumulating on the ground in pools and marshes
is exposed to evaporation*. Part of the accumulated
water flows as surface runoff towards streams, rivers
and lakes. Another portion infiltrates into the
ground. This water may flow either at shallow depth
underneath the ground to open water courses, or it
percolates further downward to reach deeper ground-
water strata. Neither the shallow nor the deep
groundwater is stagnant; it flows underground in the
direction of the downward slope of the groundwater
table. Sconer or later the water emerges again at the
surface, either in the form of a spring or as a
groundwater outflow in a river or 1lake. From the
streams, rivers, lakes, seas and oceans, the water is
returned to the atmosphere through evaporation. The
whole recycling process then begins again.

By far the greatest part of the water on earth is
found in the oceans and seas. However, this water is
saline. The amount of fresh water is less than 3%,
about two thirds of which is locked in ice caps and
glaciers. The fresh water contained in the under-
ground and in all 1lakes, rivers, streams, brooks,
pools and swamps amounts to less than 1% of the
world's water stock.

Most of this 1liquid fresh- water is in the under-
ground, an estimated 6,000,000 km3 of groundwater up
to 50 metres deep, and a further 2,000,000 km?® at
greater depth. Contrary to popular belief, the amount
of fresh water in lakes, rivers and streams is small,
about 200,000 km3 of water. The atmosphere contains
only 13,000 km3 of water. Table 4.1 provides an over=-
view of the average precipitation and evaporation
rates for the various continents.

Global and continental hydrological data, howeVer, is
of little use to the water supply engineer, apart
from reminding him that all water resources are inter-

* Fvaporation occurs from any water surface., Transpiration is
loss of water from plants. All plants take water through
their roots; it is expelled through transpiration from the
leaves,
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Table 4.1,
Precipitation and evaporation rates by continent

Continent Precipitation Evaporation Run~-off
° n mm/year mm/year mm/year
Africa 670 510 160
Asia ) 610 390 220
Europe __ 600 : 360 240
North America 670 400 270
South America 1350 . 860 490
Australia and New Zealand 470 410 60
Mean values derived after 725 482 243

weighting according to area

connected and are part of the global hydrological
cycle. He needs information regarding the amount of
rainfall, the flow of rivers and streams, the
gquantity and depth of groundwater, and evaporation
rates. This information is rarely available so that
it will be necessary to take field measurements or
extrapolate data from such records as available.

4.2 Quality of water sources

Both surface water and groundwater largely originate
from rainfall. All rainwater contains constituents
that are taken up or washed out from the atmosphere.
Atmospheric gases are dissolved in the rainfall drop-
lets. Above oceans and seas, salts are taken up from
the fine spray over the water surface. Over land
areas, particularly in dry regions, dust particles
are washed out.

Rainwater is wusually slightly acidic due to its
reaction with carbon dioxide (CO.,) in the atmosphere
to form carbonic acid. When “rainwater contacts
gaseous pollutants in the atmosphere 1like sulphur
dioxide (e.g. from volcanoes, industry), it may
become gquite acidic¢ causing problems of corrosion and
bitterness of taste. In rural areas, however, this is
not a common problemn.

After reaching the ground surface, rainwater forms

surface runoff or groundwater flow. It will pick up
considerable amounts of mineral compounds and of
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organic matter, debris from vegetation and animal
origin, soil particles and micro-organisms. Fertil-
izers and pesticides may be picked up in areas where
they are used in agriculture. While flowing under-
ground, the water will leach out constituents from
the ground strata, in particular carbonates, sul-
phates, «chlorides, calcium, magnesium and sodium
salts. Thus, the total dissolved solids content of
the water is increased. At the same time, filtration
takes place removing suspended solids. Some organic
substances are biologically degraded. Adsorption and
other processes may result in the removal of
bacteria, and of suspended and dissolved solids.

Where considerable amounts of organic matter are
present, either in the subsoil (e.g. peat) or in the
infiltrating water, the oxygen content of the under-
ground water may be exhausted through microbial pro-
cesses. As a result, certain chemical reactions may
be taking place through which ammonia and hydrogen
sulfide are formed from the nitrates and sulphates
present in the ground. Similarly, iron and manganese
would be dissolved in the water.

When groundwater is present at a shallow depth (e.qg.,
less than 10 metres) it may be polluted from sources
of faecal contamination such as pit latrines or
septic tanks. Pathogenic bacteria and viruses from
such sources can be carried by the groundwater,
although they tend to attach themselves by adsorption
to the solid ground particles. When assessing the
possible health hazards of groundwater sources, one
should pay more attention to the travel-time of the
water through the ground strata than to the distance
the water has to flow to the point of withdrawal. In
limestone, karstic formations and fissured rock,
human contamination may be carried over a distance of
several Kkilometres. In sand formations, groundwater
flow is much slower so that only contamination from
nearby sources need to be considered when selecting
the point of groundwater withdrawal.

Surface runoff as well as groundwater ultimately will
reach streams, rivers and lakes where the water is
open to pollution from human and animal life, vege=-
tation, plants and algae. Many rivers in tropical
areas have high amounts of suspended solids and tur-
bidity, especially under flood conditions. The gua-
lity of this water varies considerably with rainfall.
In the dry season, organic matter frequently gives a
colouring to the river water.

In surface water the processes of self-purification
are important.Aeration will bring oxygen from the
atmosphere into the water with a simultaneous release

54




water sources

of carbon dioxide. In lakes and reservoirs suspended
matter settles out, so that the water will become
clear. Organic matter will be consumed through
bio-chemical processes, and there will be a dying-off
of intestinal bacteria, viruses, and similar micro-
organisms. Generally, the water can recover its
original guality, if no further pollution is intro-
duced. However, lakes sometimes are subject to
excessive growth of algae. 'Hafirs', small dams and
ponds have similar features. Almost all surface water
will require some treatment before it can be used for
drinking and domestic purposes.

4.3. Water source selection

The process of choosing the most suitable source of
water for development into a public water supply
largely depends on the local conditions. Where a
spring of sufficient capacity is available, this may
be the most suitable source of supply.

Where springs are not available, or not suited to
development, generally the best option is exploring
groundwater resources. For small supplies simple
prospecting methods will wusually be adequate. For
larger supplies, more extensive geo-hydrological
investigations using special methods and techniques
are likely to be needed. Infiltration drains may be
considered for shallow ground-water sources. Dug
wells can be appropriate for reaching groundwater at
medium depth. Tubewells are generally most suitable
for drawing water from deeper water-bearing ground
strata. However, there are conditions where tubewells
can be used with advantage for tapping shallow
groundwater sources.

Dug wells often are within the local construction
capabilities, whereas the drilling of tubewells will
regquire more sophisticated equipment and considerable
expertise. In some cases, drilling may be the only
option available. If groundwater is not available, or
where the costs of digging a well or drilling a tube-
well would be too high, it will be necessary to con-
sider surface water from sources such as rivers,
streams or lakes. Surface water will almost always
require some treatment to render it safe for human
consumption and use., The costs and difficulties
associated with the treatment of water, particularly
the day-to-day problems of operation and maintenance
of water treatment plants, need to be carefully
considered.
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where the rainfall pattern permits rainwater harvest-
ing, and storage during dry periods can be provided,
rainwater harvesting may serve well for household and
small-scale community supplies. With 1large ground
catchment areas, considerable guantities of water may
be obtained. Rainwater is sometimes used in conjunc-
tion with other sources to supplement another supply,

particularly if the latter is poorly maintained and
suffers from breakdowns.
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5.1 Rainwater as a source of water supply

In several parts of the world, rainwater catchments
and storage reservoirs have been constructed since
ancient times and some have been preserved to this
day. Rainwvater is harvested as it runs off roofs, or
over natural ground, roads, yards, or specially pre-
pared catchment areas. Historical sources mention the
use of rainwater for domestic water supply some 4000
years ago in the Mediterranean region. Roman villages
and cities were planned to take advantage of rain-
water for drinking water supply. In the hills near
Bombay in India, the early Buddhist monastic cells
had an intricate series of gutters and cisterns cut
into the rock to provide domestic water on a year-
round basis.

In many countries in Europe and Asia rainwater har-
vesting was used widely for the provisijon of drinking
water, particularly in rural areas. In some countries
it is still being practised. However, where piped
water supplies have been provided, the importance of
rainwater as a source of supply has diminished.

On some tropical islands rainwater continues to be

the only source of domestic water supply. In arid
and semi-arid areas where people mostly live in
scattered or nomadic settlements, railnwater

harvesting can be a necessary means of providing
water for domestic purposes. This is especially the
case where groundwater resources are unavailable or
costly to develop. In developing countries rainwater
is sometimes used to supplement the piped water

supply.

Rainwater harvesting should be considered in coun-
tries where rainfall is heavy in storms of consider-
able intensity, with intervals during which there is
practically no or very little rainfall. It regquires
adeqguate provision for the interception, collection
and storage of the water. Depending on the circum-~
stances the catchment of the water is on the ground,
or the runoff from roofs is collected.
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5.2 Roof catchments

Reasonably pure rainwater can be collected from house
roofs made of tiles, slates, (corrugated) galvanised
iron, aluminium or asbestos cement sheeting. Thatched
or lead roofs are not suitable because of health
hazards. With very corrosive rainwater, the use of
asbestos cement sheeting for roof catchment requires
some caution. Asbestos fibers may be leached from the
roof material leading to relatively high asbestos
concentrations in the collected rainwater. Plastic
sheeting is economic but often not durable. Newly
developed roofing materials are bituminous felt and
sisal-reinforced paper. Painting the roof for water-
proofing may impart taste or colour to the collected
rainwater, and should be avoided. Fig. 5.1. shows a
simple roof catchment.

IRC Photo

Figure 5.1.
Simple roof catchment and storage (Thailand)

The roof guttering should slope evenly towards the
downpipe, because if it sgags, pools will form that
can provide breeding places for mosguitoes.

Dust, dead leaves and bird droppings will accumulate
on the roof during dry periods. These will be washed
off by the first new rains. It may be helpful to
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arrange the downpipe so that the first water from
each shower (the "foul flush") can be diverted from
the clear water container and allowed to run to
waste.

To safeguard the quality of the collected rainwater,
the roof and guttering should be cleaned regularly®*.
A wire mesh should be placed over the top of the
downpipe to prevent it from becoming clogged with
washed-off material.

An arrangement for diverting the first rainwater
running from the roof is shown in Fig. 5.2.

DOWN PIPE
FROM ROOF
SCREEN
—
t
-TAP
g??‘;’?‘l‘rn-
L‘ s GG s s 4 o
- i
SEAL SCREEN
SCREENED
—— OVERFLOW

Figure 5.2.
Arrangement for diverting the ‘first foul flush’

Another arrangement is an under-ground storage tank
receiving rainwater that overflows from a vessel
placed above the ground (Fig. 5.3). The surface
vessel thus occasionally contributes water to the
underground tank.

*  Bird droppings have been reported to cause health
hazards (salmonellosis) in Jamaica.
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Figure 5.3.
Roof catchment and storage of rainwater
(withdrawal by handpump)

The size of the roof will depend on the size of the
house. The quantity of rainwater that can be collec-
ted through roof catchment, will be largely deter-
mined by the effective area of the roof and the local
annual rainfall. One millimetre of rainfall on one
square metre of roof will yield about 0.8 litres of
water, allowing for evaporation and other losses.

For a roof measuring 5m x 8m (in plan), and assuming
an average annual rainfall of 750 mm, the amount of
rainwater which can be collected in a year may be
estimated as:

5 x 8 x 750 x 0.8 = 24,000 litres/year

or: 24,000 = 66 litres/day on average.
365
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To allow for conditions in years that are drier than
average and also for dry seasons of exceptional du-
ration, the roof and storage should have about 50%
surplus yield over the basic water requirements of
the people who will be dependent on the supply. With
a sufficient storage, the roof catchment could in a
dry year still provide some 40 litres/day which is
the basic drinking and domestic water requirement of
a family of 6 persons.

One can estimate the required storage volume by
working out the amounts of water that will be used by
the family household in the longest season which may
pass without rainfall. For short dry periocds the
needed storage volume will be small and can probably
be provided in the form of a simple wooden vessel, an
0il drum or an other suitable container. Where rain-
fall varies widely during the vear, dry seasons of
considerable duration need to be anticipated.

For an average dry season of 3 months the storage
volume required would be: 3 x 30 X 40 = 3600 litres.
To allow for longer periods without rainfall in ex-
tremely dry years, a 50% surplus should be provided
and the storage volume would thus have to be 5400
litres.

5.3 Ground catchments

Ground catchments are used for collecting rainwater
runcff, Part of the rainfall will serve to wet the
ground, is stored in depressions, or is lost through
evaporation or infiltration into the ground. A con-
siderable reduction of such water losses can be ob-
tained by laying tiles, concrete, asphalt or plastic
sheeting to form a smooth impervious surface on the
ground. Another method involves chemical treatment of
the so0il surface. Sometimes simply compacting the
surface is adequate.

The amount of rainwater that can be collected in
ground catchments will be dependent on whether the
catchment is flat or sloping, and the watertightness
of the top layer. Through preparation of the ground
surface, a sufficiently rapid flow of the water to
the point of collection and storage can be assured in
order to reduce evaporation and infiltration losses.

The portion of rainfall that can be harvested ranges
from about 30% for pervious, flat ground catchments,
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to over 90% for sloping strip catchments covered with
impervious materials.

Figure 5.4.
Ground catchment

Land alteration involves the construction of ditches
along contours, the clearing of rocks and vegetation,
and simple soil compaction. Attempts are often made
to achieve reduced infiltration losses of rainwater
in the ground catchment area. In rolling hills care-
ful soil compaction may be sufficient to attain good
catchment efficiency. In flat terrain a subdivision
in small, sloping strips will be needed with such
special preparation of the ground surface as appro-
priate.

where the surface of the ground catchment is to be
covered, various materials may be used. Tiles, cor-
rugated iron sheets, asphalt, cement, or even
materials such as heavy butyl rubber or thick plastic
sheets may be considered., When properly applied,
these materials can give good water catchment
efficiency with a yield as high as 90% of the rain-
fall runoff from +the catchment area. Additional
advantages are low maintenance and long useful life.
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However, these materials are generally too expensive
for use over large ground catchment areas. Catchment
surface coating methods that may save costs, are
being tested. These include:

- Asphalt in two coats (sealant and protection); rein-
forcement with plastic or fibreglass and covered with
gravel; and,

- Paratfin wax spread as granules which melt in the sun.

Thin plastic membranes covered with 1-2 cm gravel or
bonded to the ground surface by a bitumen tar are
much cheaper but they are easily damaged by sharp
stones, plant roots, or animals, and repairs are
difficult to make. The water yield of such membrane-
lined ground catchment sometimes proves disappointing
(not higher than 30-50% of the rainfall). Good
results can probably be obtained by treating the top
soil layer of the ground catchment area with che-
micals. Sodium salts may be applied converting clay
particles to form an impervious layer, or a bitumen
or tar coating may be sprayed over the ground to
block the soil pores. Such a treatment need not be
expensive and can be repeated at regular intervals
(once every few years) in order to maintain the
watertightness of the ground catchment.

Treated ground catchments of sufficient size can pro-
vide a domestic water supply for a number of families
or even a whole wvillage community but they need
proper management and maintenance, and protection
against damage and contamination. It may be necessary
to provide fencing or hedging. An intercepting drain-
age ditch at the upper end of the catchment area, and
a raised curb around the circumference would be
needed to avoid the inflow of polluted surface run-
off. A grass cover may be used to reduce erosion of
the ground catchment although this will result in a
lower yield. Trees and shrubs surrounding the catch-
ment area can be planted to limit the entry of wind
blown materials and dust into the ground catchment
area.

5.4 Storage

storage facilities c¢an be above-ground or below-
ground. Whichever type of storage is selected, ade-
guate enclosure should be provided to prevent any
contamination from humans or animals, leaves, dust or
other pollutants entering the storage container. A
tight cover should ensure dark storage conditions so
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as to prevent algal growth and the breeding of mos-
guito larvae. Open containers or storage ponds are
generally unsuitable as sources of drinking water.

There is a wide choice of materials for the construc-
tion of water storage containers. For small storage
volumes, vessels made of wood, cement, clay or water-
proofed frameworks may be used.

Below=ground storage facilities have the general ad-
vantage of being cool, and they will suffer prac-
tically no loss of water through evaporation. There
can also be a saving in space and cost of con-
struction where the container is moulded directly in
the ground by simply compacting the earth. An example
is shown in fig. 5.5.

WELL BOTTOM PROTECTIVE LAYER

Figure 5.5
Underground rainwater storage well
(as used in China)

Cement applied by hand may be used for plastering the
walls of the excavation, or simple plastic sheeting.
Storage tanks consisting of bee-hive structures (Fig.
5.6) have been built in various countries (e.qg.
Sudan, Botswana, Swagziland, Brazil, Jamaica) to
volumes of 10,000 litres. Polythene tubes filled with
a weak cement mixture and sealed at the ends, are
laid in place before the mixture sets; this will
aliow them to readily take up the required shape. The
sides of these tanks are polythene~lined.
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Figure 5.6. :
Cistern built of polythene tubes

Two more examples of rainwater storage are shown in
fig. 5.7. and fig. 5.8.

DOWNPIPE FROM RODF

SCREENED MANHOLE COVER
OVERFLOW s

Figure 5.7.
Rainwater storage arrangement
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T0 PUMP

L

HOLES IN BRICKWORK

Figure 5.8.
Venetian Cistern

The c¢ylindrical wooden rainwater barrel was a
familiar sight in most western countries until the
advent of piped water supplies. These containers may
be specially constructed for rainwater storage, but
suitable food stuff or beverage vessels may be uti-
lized just as well after they have served their
original purpose.

Relatively thin-walled cement containers can be built
for moderate rainwater storage wvolumes. A tapered
form has been developed by UNICEF, in Kenya, in which
a =imple cloth bag is used as the basis for a wall
3 ¢m thick or even less. Containers providing up to
2,500 litres storage volume can be built in this way.

In many parts of Africa, Asia and Latin America, clay
is available. Clay can be used to build suitable
rainwater storage containers of limited volume.
Simple glazing techniques should be useful in impro-
ving the impermeability of the c¢lay pot or barrel
walls.

Water-proofed frameworks (e.g., from bamboo, or
twigs) can be built by 1lining woven baskets with
cement, mortar or plastic. Using a tapered form, full
enclosure of the storage vessels should be accom-
plished easily.
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In the construction of metal storage tanks, the most
common material is galvanized iron sheets which are
readily riveted and softsoldered. To avoid defor-
mation of the tank when filled, a framework (wood,
steel etc.) is required. These tanks can, in some
instances, be incorporated as part of the wall struc-
ture or foundation of buildings.

Corrugated iron tanks have the advantage of being
self-supporting. Tanks of this type for storage
volumes up to 10,000 litres are found in Africa and
Augstralia. Their construction is not difficult but a
special 'roller' machine is regquired unless the cor-
rugated iron sheets can be prepared manually. Local
craftsmen can be trained to build these tanks in
sizes suitable to the local requirements.

For larger storage volumes, tanks or cisterns con-
structed of brick or stone masonry are used most.
Typically the walls are cylindrical and bonded by
cheap lime mortar or more expensive cement mix. Where
large storage volumes are built, and certainly for
tank heights exceeding 2 m, reinforcement along the
outside edges becomes necessary. This can be conve-
niently provided by means of one or more tightened
steel bands around the outer circumference of the
tank. The roofing of this type of tank is commonly
provided by placing some suitable cover (e.g., gal-
vanized iron sheets) over a supporting framework.

Reinforced concrete tanks are used in many areas.
Double-walled formwork is used in their construction.
Reinforcing material, usually steel mesh or bars, are
positioned in the space and the concrete mix 1is
poured in. The formwork can be removed when the con-
crete has hardened enough, usually after one full day
or so. The formwork should then be deployed again for
building another tank. This is necessary because the
formwork represents a substantial initial investment;:
it must be economically utilized several times for
which organisational measures are required. Re-
inforced concrete tanks have the advantage of great
dyrability and they can, in principle, be built to
any desired size. Because of their structural
strength such tanks can be used as part of the walls
or foundation of a building.

Bamboo reinforced concrete tanks have been success-
fully built in countries where bamboo is available in
suitable length, size and strength (e.g. China,
Indonesia, Thailand). Increasingly popular are
ferro-cement tanks in which wire is wused for the
reinforcement of walls and bottom that are formed by
plastering cement. Such tanks are quite economical.
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5.5 Water quality preservation

Where storage tanks or cisterns are built below
ground, special provision must be made to prevent
dust, sand, leaves, insects or other pollutants from
entering. For the same reason, the inlet and outlet
opening and any air vents should be fitted with
screens.

An intercepting ditch should be provided to drain off
any excess surface runoff.

During storage, the quality of the rainwater collec-
ted from the roof or ground catchment may deteriorate
through the putrefaction of organic material in the
water, or through growth of bacteria and other
micro-organisms. Measures to protect the quality of
the stored water include the exclusion of light from
the stored water, cool =storage conditions, and
regular cleaning. Simple disinfection devices such as
the pot chlorinator (see Chapter 17) may be very
useful in rainwater storage containers.

In theory, the prefiltration of collected water prior
to its storage would be disirable, but in practice
filters are not very effective for the required in-
termittent operation. Nevertheless, an example 1is
shown in Fig. 5.9.

The boilng of water drawn from the storage before it
is used for drinking or food preparation, would be
desirable but it is often not practicable. In some
places, a little bag containing a coagulant is sus-
pended in the storage tank to flocculate the sus-
pended solids in the water. The water drawn from the
storage tank has a clear appearance, but its
bacteriological safety is not assured.
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Figure 5.9.
Withdrawal of filtered rainwater from storage
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spring water tapping -
6.1 Introduction

Springs are found mainly in mountainous or hilly ter-
rain. A spring may be defined as a place where a na-
tural outflow of groundwater occurs,

Spring water is usually fed from a sand or gravel
water-bearing ground formation (aquifer), or a water

flow through fissured rock. where solid or clay
layers block the underground flow of water, it is
forced upward and can come to the surface. The water

may emerge either in the open as a spring, or invisi=-
bly as an outflow into a river, stream, lake or the
sea (Fig. 6.1). where the water emerges in the form
of a spring, the water can easily be tapped. The
oldest community water supplies were, in fact, often
based on springs.
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Figure 6.1,
Occurrence of springs

Tbe best places to look for springs are the slopes of
hill-sides and river valleys. Green vegetation at a
certain point in a dry area may also indicate a
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spring, or one may be found by following a stream up
to its source. However, the local people are the
best guides, as they usually know most springs in
their area.

Real spring water is pure and usually can be used
without treatment, provided the spring is properly
protected with a construction (e.g. masonry, brick or
concrete) that prevents contamination of the water
from outside. One should be sure that the water is
really fed from the groundwater and not a stream that
has gone underground for a short distance.

The flow of water from a spring may be through ope-
nings of various shapes. There are several names:
seepage or filtration springs where the water per-
colates from many small openings in porous ground;
fracture springs where the water issues from joints
or fractures in otherwise so0lid rock; and, tubular
springs where the outflow opening is more or less
round. However, to understand the possibilities of
water tapping from springs, the distinction between
gravity springs and artesian springs is most impor-
tant. A further sub-division c¢an be made into
depression springs and overflow springs.

Gravity springs occur in unconfined aquifers. Where
the ground surface dips below the water table, any
such depression will be filled with water (Fig. 6.2).

DITCH OR HOLE

GROUNDWATER o

//)’ TABLE

Figure 6.2,
Gravity depression spring

Gravity depression springs usually have a small yield
and a further reduction is 1likely when dry season con-
ditions or nearby groundwater withdrawals result in a
lowering of the groundwater table.
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A larger and less variable yield from gravity springs
is obtained where an outcrop of impervious material,
such as a so0lid or clay fault zone, prevents the
downward flow of the groundwater and forces it up to

the ground surface (Fig. 6.3). At such an overflow
spring, all water from the tributary recharge area is
discharged. The flow will be much more regular than
the recharge by rainfall. Even so, an appreciable

fluctuation of the discharge may occur and in periods
of drought some springs may cease to flow completely.

RAINFALL

oo

Figure 6.3.
Gravity overflow spring

Artesian* depression springs are similar in appear-
ance to gravity depression springs. However, the
water is forced out under pressure so that the dis-
charge 1is higher and shows less fluctuation. A drop
of the artesian water table during dry periods has
little influence on the groundwater flow (Fig. 6.4).
Artesian fissure springs (Fig. 6.5) form an important
variant of this type of spring. They exist in many
countries and are widely used for community water
supplies.

* Artesian groundwater is groundwater that is by an
overlaying impervious layer prevented from rising
to its [ree water table level, and therefore is
under pressure.
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Figure 6.4.
Artesian depression spring
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Figure 6.5,
Artesian fissure spring

Artesian overflow springs often have a large recharge
area, sometimes a great distance away (Fig. 6.6).
The water is forced out under pressure, the discharge
is often considerable and shows little or no seasonal
fluctuation. These sgprings are very well suited for
community water supply purposes. Artesian springs
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have the advantage that the impervious cover protects
the water in the aquifer against contamination. The
water from these springs will be bacteriologically
safe.

RECHARGE AREA
\\

GROUNDWATER
TABLE

Figure 6.6.
Artesian overflow spring

6.2 Basic considerations

The spring chosen tor a supply is to be enclosed in a
structure from which a pipe leads down conveying the
water to the point of delivery. Four factors are of
great importance and should be given careful atten-
tion:

1. A sanitary protection to prevent contamination of
the spring water in the tapping structure.

2. The quality of the spring water is of importance.
In particular with artesian springs, the water
will generally be free from pathogenic organisms.
However, 1f the water differs 1in temperature
during the day and the night, the water qguality
is suspect.
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3. In granular agquifers, the outflow will vary
little with distance along the contour (seepage
springs). To tap this water, infiltration galle-
ries of considerable length will be required but
their location 1s not c¢ritical. With fractured
rock agquifers, however, the outflow will be con-
centrated where water carrying fissures reach the
ground surface. Small-scale catchment works will
probably be adequate but they need to be sited
with care.

4, An assessment of the yield of the spring and the
seasonal variation of flow are needed. The yield
and the reliability of a spring can only be
slightly influenced by the construction of the
springwater collection works.

Compared with the withdrawal of groundwater as
described in Chapter 7, the tapping of spring water
has an advantage 1in that the natural groundwater
table will normally be lowered very little, 1if at
all.

6.3 Tapping gravity springs

Because of the small yield and the difficulty of ob-
taining satisfactory sanitary protection, a gravity
depression spring (Fig. 6.2) cannot be recommended
for community water supplies. The presence of such a
spring, however, indicates shallow groundwater that
may be withdrawn using drains or dug wells. These
can be covered and protected against contamination.

Gravity overflow springs in granular ground for-
mations can be tapped with drains consisting of
pipes, with open joints, placed in a gravel pack. To
protect the spring, it is necessary to dig into the
hillside so that a sufficient depth of the aguifer is
tapped even when the groundwater table is low (Fig.
6.7).

The design of drains follows common engineering
practice. They must be laid so deep that the
saturated ground above them will act as a storage
reservoir compensating for fluctuations of the
groundwater table. The water collected by a drain
discharges into a storage chamber, which is sometimes
referred to as the '"spring box" (Fig. 6.8).
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Figure 6.7.

Tapping of a gravity spring
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Figure 6.8.

Spring water storage chamber (‘spring box’)
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The drain system and storage chamber should be so
constructed that contamination of the collected water
is prevented. Before the back of the chamber is
built, loose stones should be piled up. These will
serve to make a wall, and will prevent the washing
away of soil. The chamber should be fitted with a
locked, removable manhole c¢over for c¢leaning and
access for maintenance work. Any air vents, overflow
pipes and clean-out drains must have screened
openings. A diversion ditch should prevent surface
runoff running down the hillside from entering the
chamber.

For sanitary protection the top of the gravel pack
should be at least 3 metres below ground surface,
which may be ensured by locating the spring catchment
works in the hillside, or by raising the ground level
with backfill from elsewhere. An area extending
along the gallery over its full length plus 10 m at
each side and, in the other direction, to a distance
of at least 50 m upstream, should be protected
against contamination from cesspools, manure or pits.
This area should preferably be fenced in to prevent
trespassing by people and animals. Above the spring
gite, a drainage ditch is required to divert any
surface runcff from polluting the collected spring
water.

In fractured rock aquifers, pipes packed in gravel
may be wused, or the water may be collected by
tunnels, lined (Fig. 6.9%9) or unlined, depending on
the nature of the ground formation. Where fissures
convey local high-rate outflows of water, a small
spring tapping structure will be adeguate (Fig.
6.10). However, in view of the high velocity of
water flow through fissures, the area of sanitary
protection against contamination should extend over a
considerable distance, at Jleast 100 metres and
preferably up to 300 m upstream from the gallery.
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Figure 6.9.
Tunnel for tapping gravity overflow spring
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Figure 6.10.
Tapping spring water from a fractured rock aquifer
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6.4 Tapping artesian springs

In outward appearance, artesian depression springs
are gquite similar to gravity depression springs but
their yield is greater and less fluctuating, as the
water 1s forced out under pressure.

To tap water from an artesian depression spring, the
seepage area should be surrounded by a wall extending
a little above the maximum level to which the water
rises under static conditions. For sanitary
protection the storage chamber should be covered
(Fig. 6.11).
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Figure 6.11.
Artesian depression spring

For artesian depression springs of large lateral ex-
tent, a system of drains will have to be used dis-
charging the collected water into a storage chamber.
From where it flows to the supply area. To increase
the infiltration rate and for protection of the water
quality, the recharge area should be cleaned of all
debris. For granular top layers, it may be necessary
to cover the recharge area with layvers of graded
gravel for the entrapment of fine suspended solids.

Fissure springs belong to the same category as
artesian depression springs but the water rises from
a single opening so that the catchment works can be
gsmall (Fig. 6.12). Some increase 1in capacity may be
obtained by removing obstacles from the mouth of the
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spring or by enlarging the outflow opening (Fig.
6.13). Due to the localised outflow of water from the
spring, sanitary protection is easy to arrange.

CONCRETE GUTTER
OR TILE DRAIN

CONCRETE FILL GROUND SLOPE
—_—

DITCH TO STREAM
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SURFACE RUN-OFF
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Figure 6,12,
Fissure spring of small capacity
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Figure 6.13,
Fissure spring of large capacity

Artesian contact springs often have a large recharge
area at a great distance from the spring. The water
flows out under pressure and is protected against
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contamination by the overlaying impervious layer. The
discharge can be large and stable, with little or no
seasonal fluctuations. Such springs are excellent
sources for community water supply.

where the outflow of water occurs at only one point,
the spring water can be tapped in a small catchment
construction. For a large lateral spring, a retain-
ing wall should be constructed over its full width
with the abutments (borders) extending into the over-
lying impervious layers and the base of the wall
constructed into the bedrock; in this way leakage of
water and any risks of erosion and collapse are
avoided. Upstream of the wall, a gallery should be
constructed (Fig. 6.14), covered with a layer of clay
for sanitary protection. From there the water dis-
charges into the storage tank. Another typical spring
tapping structure is shown in Fig. 6.15.
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Figure 6.14.
Artesian contact spring of large lateral width
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Typical spring tapping structure
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7.1 Introduction

For community water supply systems, groundwater
always should be the preferred source. Surface water
sources are very likely to be contaminated and much
more subject to seasonal fluctuation. Groundwater
withdrawals often can be continued long after drought
conditions have depleted the rivers and streams. The
utilisation of groundwater for community water
supplies is most likely still very much below its
potential in many countries.

Frequently, the available data on groundwater
resources are grossly inadequate. Successful develop-
ment of groundwater supplies may then be promoted by
prospecting (exploration studies). These would also
bring to light the physical and chemical character-
istics of the groundwater.

The tapping of groundwater resources, both for
drinking water supply and for irrigation purposes,
dates back to ancient times. In China, wells were
already drilled at least 3,000 years ago with hand-
operated churn drills, to depths as great as 100 m
and lined with bamboo casings. Hand-dug wells have
been sunk since times immemorial, sometimes to a
considerable depth, and such wells continue to be
made in several parts of the world. The technology
for tapping groundwater at great depth through
tubewells is of more recent date.

The first type of water well drilling which came into
general use was the cable-tool (percussion) method.
Over a period of several centuries it developed from
crude forms to a number of fairly sophisticated
techniques. The need to prevent the collapse of un-
stable ground formations and the problems of con-
trolling at depth the heavy tools required for
percussion drilling, encouraged the development of
other drilling methods. These use rotating cutters or
"bits" that bore into the ground while a fluid is
passed through them (direct-circulation rotary
drilling). For water supply wells, the use of a clay-
based mud fluid presents a hinderance as the aquifers
to be tapped tend to clog up. This led to the
development of the reverse-circulation rotary
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drilling method in which a high-rate flow of clean
water is used to carry the cuttings out of the
drilled hole. A later, logical step was the pneumatic
tool placed at the bottom of the drill pipe. In the
19505 the "down-the-hole hammer" drilling method was
introduced. The efficiency of this tool proved to be
remarkable and small-diameter holes, even in hard-
rock formations, may now be drilled in a fraction of
the time previously required.

No particular water well drilling technique is
applicable under all conditions. Each well construc-
tion method can be the most suitable depending on the
circumstances although the general trend is towards
rotary drilling to reduce time and cost. Thus, the
technigques for reaching the groundwater range from
ancient methods such as the simple digging of wells
with hand tools, and the excavation of the famous
ganats (underground galeries extending many kilo-
metres) in Iran and Afghanistan, to the sophisticated
drilling machines ("drilling rigs") capable of making
a tubewell some hundreds of metres deep even in hard-
rock formations.

7.2 Groundwater occurrence and prospecting

Prospecting for water requires a basic knowledge of
the various kinds of groundwater-bearing formations
that can be found in the earth's crust. From this,
the approach to their exploration for water supply
purposes should be developed.

QOccurrence

Groundwater occurs in pores, veoids or fissures of
ground formations. Pores are the spaces between the
mineral grains in sedimentary ground layers and in
decomposed rocks. The amount of pore space in a
ground formation depends upon such factors as grain
size, shape, packing and the presence of cementing
material. Porosity is the ratio of pore space to
total ground volume (Fig. 7.1). A high porosity does
not always indicate good permeability (water-bearing
potential).
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Figure 7.1.
Porosity and texture

Although clays and silts have a high porosity, the
size of the pores is too small to allow water to flow
easily. All openings in rocks such as Jjoints, bed-
ding, cleavage planes and random cracks are called
fissures (in hydrogeological terminology). Igneous*
rocks are not generally porous unless they are de-
composed by weathering. Lavas which contain cavities
formed by gas bubbles that escaped from it during the
eruption, can be an exception. Even when a ground
formation is highly porous the permeability may be
very low because the voids are not always inter-
connected. Fissures may also occur in sedimentary**
rocks.

% Igneous: originating from volcanic erupted material.
** Sedimentary: sediments compacted by (glacial) pressure
to form solid material.
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Geologically young and unweathered fissures in all
types of ground formation tend to be closed and are
likely to contain little or no water. As weathering
proceeds, the fissures will open up near the ground
surface but remain closed at depth.

Aquifers (water-bearing ground formations) which hold
most of their water in large joints and fissures are
called pervious whereas those with the water in pores
are called porous. Table 7.1 shows common ground
types and the way water usually occurs in them.

Table 7.1.
Usual mode of water occurrence

Ground Type Water usually occuring in:

Sand and gravel Pores

Sandstones Pores and fissures

Limestone : Fissures often expanding into caves
Chalk Pores and fissures

Clay Very small pores

Massive Igneous Fissures with pores in weathered zones
Lavas Fissures with pores in igneous zones
Me t amorphic Fissures with pores in weathered zones

The ease with which water can flow through a ground
formation under a hydraulic head is termed the hy-
draulic permeability. Hydraulic permeability is ex-
pressed as the velocity of flow of water through the
ground per unit of hydraulic gradient, e.g. mm/sec,
metre/day. It depends on the porosity, the average
pore size and the distribution of the fissures (see
Table 7.2).

Ground layers with a very low hydraulic permeability
(lesgs than about 10 mm/sec) are said to be imper-
meable and those with higher hydraulic permeability
are regarded as permeable.

94



groundwater withdrawal

Table 7.2. ;
Porosity and hydraulic permeability for some common ground
materials.
Material Porosity (%) Hydraulic Permeability
Coefficient in mm/sec,
Clay 45-55 10:3 - 10:2
§ilt 40-50 107, - 107}
Sand 35-40 lO3 - 10]
Clean gravel 40-45 lOl - lO_2
Sandy gravel 25=40 i . 10_4 - l(‘)_6
Sandstone 10-20 (pores) . th] - 10
(fissures) 10_6 -8
Limestone 1-10 (pores) 10,7 - 10
(fissures) . l()_IO
Granite (fresh) I (pores) ’ lo2
(fissures) 10

Fig. 7.3 shows the distribution of water in and above
an unconfined aquifer.
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Figure 7.3.

Water distribution above and in a porous unconfined aquifer.
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An unconfined aquifer 1is open to infiltration of
water directly from the ground surface. This is il=-
lustrated in Figs. 7.4a and 7.4b.

1 RECHARGE

<

e
ZONE OF WRTER TABLE
SATURATION

UNCONFINED AQUIFER

Figure 7.4a

Infiltration of water into an unconfined aquifer during the wet
season

A
Z0NE OF DRY RIVER
AERATION VALLEY i
j ZRSTUE | MAUMUM RECHARGE
; \, DURING RAIN
—_ WATER TABLE =
SATURATION
UNCONFINED AQUIFER
Figure 7.4b

Infiltration of water into an unconfined aquifer during the dry
season

A confined aquifer (Fig. 7.5) is one where the water-
bearing ground formation is capped by an impermeable
ground layer. The water pressure in a confined
aquifer is related to the level of its recharge area.
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Figure 7.5.
Confined aquifer fed from a recharge area

The water pressure in a confined agquifer can be
measured by drilling into it and observing the level
to which the water rises in the borehole. This water
level is called the piezometric level. If the piezo-
metric level is above the ground surface, water from
the aquifer will be naturally overflowing from the
borehole which 1is then c¢alled a (free-flowing)
"artesian well",

The infiltration of water from the ground surface
through permeable ground towards the groundwater
table will be halted where a lens of impervious ma-
terial such as clay is present (Fig.7.6). Water will
then accumulate in the ground above this lens forming
a perched water table some distance above the real
ground water table. It is very important to identify
a perched water table since the amount of water it
contains is often small. Frequently perched water
tables will disappear during dry periods when there
is no recharge by infiltration from the ground
surface.

Prospecting

Successful prospecting for groundwater reguires a
knowledge of the manner in which water exists in the
water-bearing ground formations. Without this know-
ledge, effective and efficient water exploration is
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Figure 7.6.

Perched water table

impossible, and well drilling then becomes something
like a game of roulette. The aim of the prospecting
work must be clearly defined. Is it for providing a
small local supply or 1is it to determine aguifer
characteristics for the development of the ground-
water resources of an entire area?

The following approach is suggested. The available
hydrogeological information about the study area
should be collected and collated. This may include:
geological maps and reports; topographical maps; logs
of tubewells; surface geological reconnaissance;
metereological records; and hydrological data.

To assist in the collection of information a survey
of the study area should be made, preferably towards
the end of the dry season. In some cases this may be
all that is needed for an experienced hydrogeologist
to define water sources for small community supplies
and no further investigation would be required. If
essential data are lacking, some field work would be
necessary.

The survey should provide sufficient data to form a
basis for the drawing up of a hydrogeological map
showing: the distribution of aquifers; any springs or
spring lines present; depth of water tables and

piezometric levels; yield of existing groundwater
sources, and the quality of the water from them.
Sometimes, it is possible to prepare such a map on
the basis of an examination of outcrops and existing
water supplies, in other cases it may involve the use
of specially drilled boreholes and geophysics. The
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drilling of special test boreholes will usually only
be required when an aquifer is to be fully exploited;
for this, a knowledge of the hydraulic permeability
and water storage capacity is needed.

Geophysical investigations, especially electrical
resistivity measurements, are very useful in under-
standing the distribution and quality of groundwater.
The value of the electrical resistance of a ground
formation depends upon the amount, distribution and
conductivity of the water it contains. Resistivity
measurements are made by passing an electric current
through the ground between two electrodes and
measuring the voltage drop between two other
electrodes (Fig. 7.7). The depth of penetration of
the current is controlled by the spacing of the
electrodes. By increasing the electrode spacing, the
current can be made to penetrate deeper, and so a
complete resistivity depth probe can be carried out.
If a depth probe is done near to an existing well or
borehole of which the water level, water guality and
agquifer thickness are known, then the correlation
between the resistivity values and the hydro-
geological conditions can be established. This will
provide a basis for the interpretation of resistivity
depth probes done in other areas with much the same
geology, and will so establish information on water
table depth, water guality and agquifer thickness.

CURRENT
SOURCE MILLIAMPERE METER
i (A
MILLIWATT METER CURRENT ELECTRODE
a a a
i |

1
TRESISTIVITY OF THIS

N AN
MOIST SILT AND CLAY
LOW RESISTIVITY

AND AND GRAVEL
HIGH RESISTIVITY 37

Figure 7.7.
Electrical resistivity measuring arrangement
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If resistivity measurements are conducted in a grid
pattern over an area, the readings can be plotted on
a grid map to form patterns of high and low resisti=-
vity for each electrode spacing used. Lines of equal
resistivity can then be drawn on the map for iden-
tification of areas of low resistivity, which are
more likely to be permeable, and water-bearing ground
formations than high-resistivity areas.

Sometimes, the drilling of small boreholes for pros-
pecting purposes is required to supplement the data
obtained with surface geophysical methods. This
method is always expensive, and often difficult to
employ. For obtaining the maximum amount of in-
formation from a borehole, geophysical logging may be
necessary. This involves the lowering of measuring
instruments down the borehole for carrying out
measurements on ground and water properties. Borehole
logging is .a complex operation and advice should
always be obtained from a geophysicist before it is
decided upon. Other, more sophisticated, geophysical
techniques for groundwater prospecting are seismic
and gravity measurements.

Safe Yield

The safe yield of an aquifer is the maximum permanent
withdrawal that can be permanently obtained from a
groundwater source. The safe yield of an aquifer is
estimated to see whether the planned withdrawal for
water supply purposes will be safequarded in the long
run. Basically not more water can be withdrawn than
the natural recharge amounts to. Another limitation
is that the groundwater table should not be lowered
so much that polluted water from elsewhere would be
drawn 1into the aquifer. Sometimes, withdrawal of
water from a new well may cause an appreciable re-
duction of the yield of existing wells nearby. In an
area where 1little is known about the extent and
capacity of the aquifer, the new well and any hearby
wells should be monitored at least during the early
period of operation.

7.3 Methods of groundwater withdrawal

The oldest method of groundwater withdrawal is to dig
a hole in the ground, to a depth below the ground-
water table. Usually the amount of water that can be
collected in this way is gquite limited and when more
withdrawal capacity is needed, the aquifer must be
tapped over a greater area of contact. This may be
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done by enlarging the width of the excavation, by
extending it to greater depth, or by increasing both
the width and depth. Which of these methods can and
should be applied in a particular case depends on the
thickness of the water-bearing ground formation and
on the depth of the groundwater table.

Horizontally extended means for groundwater with-
drawal are called galleries and may be subdivided
into seepage ditches (Fig. 7.8), infiltration drains
(Fig. 7.9) and tunnels (Fig. 7.10).

Because of the difficulties and costs of excavation,
galleries should only be used in c¢ases where the
groundwater table is at a shallow depth, not more
than 5-8 m below the ground surface (tunnels in con-
solidated ground formation may still be economical at
greater depths). Galleries offer the only practical
solution when groundwater is to be withdrawn from
shallow aqguifers with a small saturated thickness.
These aquifers have to be tapped over a large contact
area. Galleries are also to be recommended in coastal
areas where the fresh water to be withdrawn floats on
top of underlying salt water. The drawdown* of the
fresh water table must then be kept as small as
possible, otherwise the salt water would rise and mix
with the fresh water.

Figure 7.8.
Seepage ditch

= Drawdown: the lowering of the groundwater table around a
groundwater collector, resulting from the withdrawal of the
water,
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Infiltration drain
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Figure 7.10.
Infiltration tunnel
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Ditches are easy to construct, they can have a large
capacity and a long useful life. However, ditches
being open, the water collected in them is unprotec-
ted against contamination which makes them less
suited for water supply purposes. Infiltration drains
and tunnels are more costly to build, and their
design 1s more complicated. Drains may be subject to
clogging. The advantage of drains and tunnels is that
these c¢ollectors are completely underground so that
the collected water 1is protected against any con-
tamination from the ground surface.
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Figure 7.11.
Dug well

The vertical means for groundwater withdrawal may be
subdivided into large diameter dug wells (Fig. 7.11)
and small-diameter tubewells (or "boreholes") (Figqg.
7.12). Tubewells should be used when the groundwater
table is at a considerable depth below the ground
surface but they are only effective in aquifers of
sufficient thickness. Dug wells usually have a
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limited capacity so that their use is restricted to
individual household and other small-scale water
supplies only. The large-diameter shaft acts as a
storage reservoir and thus provides for any peak
withdrawals. The capacity of tubewells varies over a
wide range, from less than 1 litre/sec for shallow
small-diameter wells in fine sand agquifers, to over
106 1litres/sec for large-diameter deep wells in
coarse sand or sedimentary rock deposits. Tubewells
are very well suited for drinking water supplies be-
cause simple precautions will be adequate to safe-
guard the water so withdrawn against contamination.
Sometimes, a battery of tubewells placed in a series
and pumped as one unit, can be used (Fig. 7.13).
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Figure 7.12.
Tube well

In situations where a thick water-bearing ground
formation is present at shallow depth, both vertical
and horizontal water collectors, or a combination of
these, can be appropriate. The technical feasibility
will largely depend on the 1local geological con-
ditions. A much more difficult situation exists when
groundwater has to be withdrawn from a thin aquifer
situated at a considerable depth. In view of the
small saturated area of such an aquifer, tubewells
should not be used. Ditches and drains are not ap-
propriate since they would require an excessive
amount of excavation work. Sometimes, in consolidated
ground, tunnels may be sguitable. For unconsolidated
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Figure 7.13.
Battery of tubewells

ground, radial collector wells may be considered
(Fig. 7.14). However, such wells require specialist
design and construction and they are, therefore,
generally less suited to small-scale water supplies.
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Figure 7.14.
Radial collector well*

* Also called "Ranney Well"
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When groundwater is withdrawn there always is a
lowering of the groundwater table. In principle, all
other withdrawals from the same aguifer are in-
fluenced. The effect of groundwater withdrawals for
community water supply is usually not great but for
high-rate withdrawals that are freguently made for
irrigation purposes, the possible effect of an
appreciable lowering of the groundwater table should
be carefully investigated. It may be necessary to
carry out a test pumping to provide a basis for

estimating the future drawdown of the water table
(Fig. 7.15).

r—' Qp  GROUND SURFACE —71“

: GROUNDWATER TABLE
"'_"f BEFDRE AND DURING
PUMPING
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Figure 7.15.
Test pumping

7.4 Infiltration galleries

Ditches as a means of groundwater withdrawal are just
a cut in the ground to make the aquifer accessible
from the surface, They are easy to construct either
manually or with mechanical equipment. The design
will also present few problems. The most important
requirements are the following (see figure 7.16):

a. The width and depth should be sufficient to
ensure that the collected water flows at a low
velocity (usually less than 0.1 m/sec) so as to

prevent erosion of the ditch sides and to limit
the head losses.
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b. The depth should be greater than 1.0 m and pre-
ferably 1.5 m to reduce any penetration of sun-
light into the water where it would stimulate
plants and algae to grow and cause resistance to
the flow of the water.

¢. The ditch sides should slope gently to provide
for their stability. This is particularly im-
portant for the ditch side-water surface contact
area.

d. For deep ditches, a horizontal embankment about
0.5 m above the normal water level is desirable
to facilitate access for cleaning and maintenance
work.

GROUND SURFACE

G/W TABLE

- AQUIFER -
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Figure 7.16.
Design of seepage ditch

Seepage ditches being open, the groundwater collected
in them is subject to pollution, bacterial contamina-
tion and algal growth.

Drains (Fig. 7.17) have pores, perforations or open
joints allowing the groundwater to enter. Porous
drains may be made of materials such as clay or
"no-fines" concrete (using a pea-size gravel and
cement mixture, without sand). Perforated drains are
mostly of vitrified clay baked in a kiln, plastic or
wood. Drains with open joints are usually made of
concrete or asbestos cement.

The choice which material to employ for a particular

drain construction depends on the required strength,
the c¢orrosion resistance needed for the type of
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groundwater to be collected, and above all on costs
and availability. Perforationsg in the drain need only
be made all round it when the drain is placed com-
pletely in the agquifer. For drains laid in the upper
part of an aquifer, perforations in the underside
will be adequate and for drains deep down in the
aquifer only upward-facing perforations are
necessary.
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Figure 7.17.
Drain construction

In coarse ground formations such as gravel, the drain
openings can easily be made small enough to keep back
the ground material. In fine and medium sized sand,
perforated drains and drains with open joints should
be packed in one or more layers of gravel or coarse
gand, to prevent the fine sand of the aguifer from
entering the drains. The outside layer should be fine
enough to keep back the aquifer material; the inside
layer has to be of a size that 1s somewhat larger
than the drain openings. For an aguifer of sand
having an effective size of about 0.2 mm the gravel
pack could consist of two layers, each about 10 cm
thick, with grain sizes of 1-2 mm and 4-8 mm. Drain
openings about 3 mm wide may then be used. When
drains with open joints 10 mm wide are applied, a
third gravel pack layer of 15-30 mm grain size would
be necessary.
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The most important factors in the design of a drain
construction are the internal diameter of the drain
pipes, and the depth at which the pipes and gravel
pack are placed below the groundwater table.

In spite of the gravel pack, some suspended matter
may get into the drain. When this material is allowed
to accumulate it would block the drain. Teo prevent
thisg, the drains should be so sized that the velocity
of flow in them is sufficiently high to flush out any
silt deposits. For drains to be self-cleaning, the
velocity should be higher than 0.5 m/sec but not more
than 1.0 m/sec, otherwise the friction losses will be
too high. This would cause an uneven drawdown and
withdrawal of groundwater along the length of the
drain. To accomodate the accumulating quantity of
water collected and flowing through the drain, it may
be necessary to provide incremental sizes of the
drain along its length.

Obviously, in view of the excavation costs the drains
gshould be laid not deeper in the ground than neces-
sary. However, the drains must remain fully submerged
in the groundwater with the top of the gravel pack at
least 0.5 m deep, even at the end of a long dry
period when the groundwater table is likely to be at
its lowest level. Using the existing groundwater
table as a basis, the designer should allow for an
operating drawdown of at least 1 m, plus a further
drop of the groundwater table of 1 m under dry con-
ditions. The top of the gravel pack thus should be at
a depth of 2.5 m or more under the existing water
table. When iron and manganese 1is present in the
groundwater, there is a serious risk of iron and man-
ganese deposits clogging the drain openings and
gravel pack. It is then necessary to lay the drains
deeper, some 4-5 m under the existing water table, to
prevent oxyden from penetrating to the drains and
forming the iron and manganese deposits.

7.5 Dug wells

Dug wells are made simply by digging a hole in the
ground. They are widely used in many countries and
can be quite satisfactory if conditions are right.
Usually no special equipment or skills are reguired
for their construction.
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WFP Photo by G. de Sabatino

Figure 7.18.
Drawing water from a concrete-lined dug well (Togo)
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Experience shows that the diameter of a dug well
should be at least 1.2 m if two men are to work to-
gether at the bottom of the well during the digging.
For a well serving a single household or farm com-
munity this minimum diameter is usually adequate but
when more people are dependent on a dug well, a
larger well, 2-3 m in diameter, must be provided.
Further increasing the size of a well is seldom
useful since the additional water yield so obtained
is likely to be very small.

Due to their large diameter and volume, dug wells
provide both groundwater withdrawal and storage.
Because of the storage capacity, water can be tem-
porarily withdrawn at a higher rate than the recharge
inflow into the well. The storage effect is particu-
larly important when the users take the water mostly
at peak rates during a few hours in the morning and
the evening.

The depth to which a well can and should be dug
largely depends on the type of ground and the fluc-
tuation of the groundwater table. An important factor
is the stability of the ground and the costs of
digging. Private wells generally are less than 10 m
deep. Dug wells for communal use are frequently much
deeper, 20-30 m is not unusual and greater depths of
50 m and more have been achieved.

Most dug wells need an inner ., lining. For this,
materials are used such as brick, stone, masonry,
concrete cast in a shuttering inside the hole, or
precast concrete rings. The 1lining serves several
purposes. During construction, it provides protection
against caving and collapse and prevents crumbling
ground from filling up the dug hole. After completion
of the well it retains the walls. In consolidated
ground (e.g. rock) the well may stand unlined but a
lining of the upper part is always to be recommended
(Fig. 7.19). In unconsolidated ground formations the
well should be lined over its entire depth (Fig.
7.20). The section of the well penetrating the
aguifer requires a lining with openings or per-
forations enabling the groundwater to flow into the
well.
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Figure 7.19.
Dug well in rock formation

CONCRETE CURB

IMPERVIQUS
FORMATIONS

T~ COARSE -
F:**GRAINED:-

IFER-!

.

;::-AOU

Figure 7.20.

Dug well in coarse granular material
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In fine sand aquifers it is impossible to provide a
lining with openings or perforations small enough to
retain the fine sand and prevent it from passing into
the well. In such cases the lining is frequently ex-
tended over the entire depth of the well without any
openings or perforations. The groundwater enters the
well only through the bottom which is covered with
several layers of graded gravel keeping down the fine
sand of the water-bearing formation (Fig. 7.20). For
example, three layers of graded gravel, each 15 cm
thick, may be used with grain sizes of 1-2 mm for the
deepest layer, then 4-8 mm, and 20-30 mm effective
size at the top.

IMPERVIOUS CONCRETE CURB
FORMATION
G/W TABLE

4 COARSE GRAVEL

Figure 7.21.
Dug well in fine granular aquifer

Lining a dug well will also provide a seal against
polluted water seeping from the surface into the
well. This is not so effective if the well is open,
because the water in it will then be polluted anyway,
especially if the water is drawn using bucket-and -
rope. As a minimal provision, the well lining should
be extended at least 0.5 m above the ground to form a
"head wall”" around the outer rim of the well. A con-
crete apron should then be constructed on the ground
surface extending about 2 m all around the well. The
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concrete apron also seals any fissures between the
well lining and the walls of the excavated hole and

so prevents polluted surface water from seeping into
the well.

IRC Photo

Figure 7.22.
Covered dug well equipped with hand pump (Thailand)

All these measures only have a limited effect, if the
well remains open. A satisfactory safeguarding of the
bacteriological safety of the water from a well can
only be obtained if the well top is completely sealed
with a watertight slab on which a pump is mounted to
draw the water (Fig. 7.23). A manhole that can be
tightly and securely 1locked should be provided to
allow disinfection of the water in the well by
chlorination. Although simple in itself, the sealing
of dug wells is not always feasible, particularly
where the standard of pump installation is poor and
maintenance requirements cannot be adequately met.
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Figure 7.23.
Dug well sealed for sanitary protection

bug wells are sometimes constructed in a temporary
excavation drained and braced against caving as
necessary (Fig. 7.24). Any type of building material
may be used. For economy, strength and stability cir-
cular walls are to be preferred. Masonry and brick=-
work are widely used; (reinforced) concrete 1is also
popular, pre-fabricated or poured on the site. To
enable the groundwater to flow into the well, the
curbs of masonry and brickwork are made with open
joints. In concrete linings short pieces of tin tube
or garden hose can be cast to provide openings. To
avoid the entrance of polluted water from the ground
surface, back-filling should be done with care in
thin layers that are firmly tamped.
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. GRAVEL
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SHEET PILING - OPEN JOINTS

REINFORCED CONCRETE SLAB

Figure 7.24.
Dug well built in temporary excavation

Stiff, consolidated formations requiring no immediate
support for stability allow the temporary excavation
to be executed as an open hole with unsupported
walls. However, it is prudent to carry out the dig-
ging section by section as shown in Fig. 7.25.

STEEL
SHUTTERING

Figure 7.25.
Reinforced concrete curb built on site

Fach section should be 2-4 m high and is kept in
place by the surrounding ground pressing against it.
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The most common method of constructing a dug well is
by excavation from the inside, removing the ground at
the bottom. The lining then sinks down due to its own
weight (Fig. 7.26). For wells of a diameter up to
3~4 m the digging frequently is carried out with hand
tools. Below the groundwater table draining of the
well becomes necessary to enable further excavation
to be carried out. In this construction method, cir=-
cular well shapes are mostly used because they settle
readily and are not liable to deformation when the
well lining sections are subjected to uneven forces.
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Figure 7.26.
Sinking a dug well by excavation from the inside.

Masonry work of stones, bricks or concrete blocks can
be used to build the well lining using a strong steel
shoe as the base (Fig. 7.27). The shoe prevents the
lining from settling unevenly which could cause de-
formation and c¢racks. Reinforced concrete obviously
is a more suitable construction material in this
respect. It also allows the well lining to be con-
structed above ground as the well sinking progresses.
Large-diameter pipes of concrete, asbestos cement or
plastic may be used for well lining material. When
these are not available or too expensive and dif-
ficult to handle, prefabricated concrete rings may be
enployed to form the lining (Fig. 7.28). There is no
valid reason why prefabricated concrete rings should
not be widely used. They require no skilled masons,
only suitable stones, bricks or gravel, and it is not
difficult to train unskilled workers for pouring con=
crete. The necessary sand and gravel may usually be
obtained in the neighbourhood of the well site.
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LSS5 BRICK LAYERS

STEEL RING
SHOE

Figure 7.27.
Dug well with brickwork lining.

N
CLAY OR LOAM _ . CEMENT
N GROUTING

Figure 7.28.
Dug well construction with pre-fabricated rings.

The lower end of the starter ring is provided with a
shoe having an inside cutting edge; the outside dia-
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meter is somewhat larger to facilitate the sinking
and to reduce ground friction aleong the outside (Fig.
7.29). The starter ring during sinking leaves a space
around the curb. In loose formations this space will
be self-sealing but in cohesive formations it must be
filled with cement grout or puddled clay as a safe-
guard against seepage of polluted water from the
ground surface. Over the depth of the aquifer, the
rings are made of "no-fines" «concrete (pea-size
gravel and cement, without sand) through which the
groundwater can enter the well.

_ REINFORCED NO-FINES .
/~ CONCRETE / CONCRETE :
y - :. ; - B —{
% ) ., 06-08M
; 5 -wfla—d
. | / 4
STARTER RING FILTER RING SEAL RING
Figure 7.29.

Pre-fabricated concrete rings

SRR R

VDO Photo
Figure 7.30.
Reinforced concrete ring for lining a dug well
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Freguently, a more economic and technically better
construction may be obtained by combining the two
methods of construction described above. The con-
struction of Fig. 7.31 gives an excellent protection
against any ingress of polluted seepage water from
the surface; it also allows the well to be made
deeper when after some time the ground water would
fall to a lower level. The design shown in Fig. 7.32
does not have this advantage but it costs much less
to construct.

s

o s

CLAY OR LOAM - L.~ REINFORCED CONCRETE
# CURB GAST IN SITU

GONGCRETE CURB MADE
OF PREFAB RINGS

Figure 7.31.
Dug well construction using combination of methods

It will be clear that it is not so easy to protect
the water of a dug well against bacterial con-
tamination. To sum up, the following precautions are
recommended:

1. The upper part of the lining should be water-
tight preferably to a depth several metres below
the lowest drawdown water level in the well;

2. The space between the walls of the dug hole and
the lining should be sealed with puddled clay, or
better with cement grout;
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3. The top of the lining should extend some 0.5 m
above ground level and should be topped with a
watertight cover on which a (hand) pump is to be
mounted for drawing the water from the well;

4. An apron should be constructed around the raised
top of the 1lining (the "head wall") about 2 m
wide, sloping outwards and with a gutter draining
any spilt water away from the well site;

5. The water in the well should be chlorinated for
disinfection, after the well has been completed;
this should be repeated at regular intervals.
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Figure 7.32.
Dug well construction using combination of methods

7.6 Tube wells

A tubewell has a casing consisting of pipes (tubes):
plain pipes opposite non-water bearing ground
formations, and perforated or slotted screen sections
opposite the aquifer.

Tubewells are quite suitable for small-capacity water

supplies. Tubewells of small diameter and shallow
depth may be constructed by driving, jetting or
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boring. Drilling is more appropriate for larger -
diameter tubewells designed for the withdrawal of
considerable amounts of water at greater depths, or
for tapping aquifers that are overlayed by hard rock
or similar ground formations. Drilling is a very
versatile well construction technique which can be
used for any reasonable depth and in most geological
formations. However, it requires complicated egquip-
ment and considerable knowledge and experience. It is
mostly done by specialist drillers. A detailed survey
of well drilling methods is given in Annex 2.

. . UNICEF :t.oto by Bash
Figure 7.33.

Well drilling
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Tubewells can be drilled to over 200 m deep, even
through hard rock. However, there never is a guaran-
tee that water will be found. It is, therefore, im=-
portant to make full use of any available prospecting
and exploration data when choosing the site where a
tubewell 1is to be drilled. The assistance of ex-
perienced and gualified people is essential, together
with the information obtained through hydrogeological
surveys.

IR A
- e /7
-

g AQUIFER

Figure 7.34.
Driven well

Driven wells (Fig. 7.34) are made by driving a
pointed screen (called a "well point") into the
water-bearing formation. To prevent damage to the
well point when driving through pebbles or thin
layers of hard material, the point at the lower end
of the screen is made of solid steel, usually with a
slightly larger diameter than the screen itself. Most
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"

well points have a diameter in the 30-50 mm range. As
driving proceeds and the well point sinks into the
ground, successive sgections of pipe are screwed on
top so that the upper end of the casing always is
above the ground surface. The well point is driven
inte the ground using a simple mechanism for hitting
the top of the pipe. Many arrangements can be used.
Fig. 7.35% is indicative.

Figure 7.35,
Well driving arrangement

whichever method is used, it is essential to ensure
that the blows are square and vertical, otherwise the
pipe will bend and perhaps break. As it is the pipe
that transmits the blows to the well point, strong
thick-walled piping must be used, particularly when
difficult driving in hard formations is expected.
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RISER PIPE
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~SAND SCREEN

POINT

Figure 7.36.
Well driving with inside drive bar

In the well driving method shown in Fig. 7.36, the
drive bar falls free inside the screen. The pipe is
pulled into the ground rather than driven so that
pipes of normal strength classes can be used. Driven
wells are especially suitable for soft sandy for-
mations which are readily penetrated by the well
peint. Driven wells cannot be made in areas where
boulders or other obstacles are encountered in the
ground. In all ground formations the resistance
against driving increases with depth. The application
of driven wells is therefore limited to shallow wells
of less than 10-~15 m depth. For the same reason the
diameter is usually small varying from as narrow as
3 cm to a maximum of about 10 cm, a diameter of
5-8 cm being the most common. Well pumps cannot be
installed inside such small diameters. Driven wells
also have the disadvantage that the screen openings
may during the driving become clogged with clay or
similar material. This is almost impossible to remove
after the completion of the driven well.
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DRIVE WEIGHT

Figure 7.37.
Well drive point with sliding joint

The clogging of the well screen can be prevented by
using a sliding joint (Fig. 7.37). During driving the
screen is inside the casing and only after reaching
the desired depth is it then forced out to intrude
the water-bearing formation. When there are hard
formations directly below the ground surface, a
better solution is to start with an earth auger for
boring a hole as deep as possible with a diameter
slightly larger than the size of the well point to be
driven down (Fig. 7.38). When the hole is straight,
vertical and deep enough this also helps achieve a
plumb well which otherwise may be difficult to ob-
tain.
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HAND AUGER SPIRAL AUGER

A = TRIPOD OF BAMBOO POLES

8 = PULLEY BLOCK

€ 2cm (3/4-INGH) MANILA ROPE
D = EARTH AUGER
E -~ AUGER GUIDE

-

Source: WHO
Figure 7.38 (No. 7462)
Well boring equipment

If, after completion of the driven well the inside is

throughly disinfected, the water from it will be bac-
teriologically safe and is 1likely to remain so,
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However, the yield from a driven well is small, some-
where between 0.1 and 1 1/sec. This will be only suf-
ficient for private household use or a small commu-
nity. For a larger supply of water, a number of
driven wells may be interconnected with a central
suction line and pumped as one unit but this solution
is rather expensive. In rural areas of developing
countries driven wells have the advantage of easy and
rapid installation with no need for specialized
eqguipment or skills.

Jetted wells outwardly do not differ much from driven
wells but the point at the lower end of the screen is
hollow instead of solid, and the well 1is bored
through the erosive action of a stream of water
jetting from the point (Fig. 7.39).

T0 RIG
PRESSURE HOSE
SWIVEL —
PRESSURE PUMP & MOTOR
RN s
1 SETTLING BASIN
— GROUNDWATER TABLE
| TEMPORARY CASING
JETTING PIPE
L JETTING NOZZLE

Figure 7.39.

Well jetting
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Compared with driven wells, jetting of wells is much
faster. Mechanical force is not needed so that
plastic instead of steel can be used for casing and
strainer. Obviously, jetted wells can only be sunk in
unconsolidated formations. Sandy aquifers are best
suited for this method; clay and hardpan often offer
too much resistance to the jet stream of water. As
with driven wells, boulders cannot be passed but
it is a simple process to check the underground for-
mation beforehand by washing the jetting pipe shown
in Fig. 7.40 to the desired depth. Such a jetting
pipe is also used in a well jetting technigue using a
separate jetting pipe to wash the plastic casing and
screen into the ground. Compared with driven wells,
the depth that can be obtained is somewhat greater,
for the same diameters of about 5«8 cm. Clogging of
the well screen openings is no problem.

PLASTIC CASING

JETTING PIPE —
PLASTIC SCREEN

T LTI
|

Figure 7.40. .
Well jetting with an outside jet pipe

Wells can also be made as bored wells. The boring
technique lends itself best for use in soft ground
such as sand and soft limestone. Thus, boring is
particularly used in deltaic areas where these types
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of ground are most common. For shallow depth, spiral
augers are employed as shown in Fig. 7.38. For
greater depth bucket-type augers can be applied,
again rotated from the surface by means of a drive
shaft. This shaft is built up from steel rod sections
3-6 m long and connected by quick-acting couplings.
The upper part is called the kelly and has a square
cross-section to receive the necessary torgue from a
rotating table. At the bottom, the auger is provided
with a cutting face which peels the soil from the
hole and discharges it into the cylindrical chamber
above, When full, the auger is drawn up above ground
and the hinged bottom is opened. Each time this is
necessary, the drive shaft must be dismantled and
coupled together again, a tedious and time consuming
job.

It will be clear that bored wells are mainly suited
to soft unconsolidated ground formations. In cohesive
ground such as clay, a temporary casing to support
the hole is usually not necessary above the ground-
water table but in loose ground a temporary casing
must be installed. Under the water table, the auger
does break up the ground layers but it cannot bring
the bored material to the surface as the cuttings
escape from the container when the auger is pulled up
from the bottom of the hole. A bailer lowered in the
hole with a cable must be employed to collect the
cuttings. The bailer is moved up and down near the
bottom of the hole; during the downstroke the cut-
tings are entrapped by a c¢losing valve. The whole
operation greatly increases the time reguired for the
boring of a well.

Sludger Method of Sinking Tubewells

The "sludger method" is an indigenous, low-cost,
labour-intensive technique for sinking tubewells in
unconsolidated alluvial ground formations such as
those found in deltaic areas. Tubewells with a depth
up to 50 m may be constructed using this method under
suitable conditions. In Bangladesh, the sludger
method has been and continues to be extensively used
for sinking numerous tubewells to tap the abundant,
shallow groundwater resources present in that deltaic
country.

To start the drilling operation, a hole of about
0.6 m diameter and 0.5 m deep is made into which
water is poured. Some bamboo staging is erected above
the hole. A piece of steel pipe is placed vertically
in the soil, and drilling is carried out by moving
the pipe up and down with a jerking action. For this,
a bamboo rafter fastened to the pipe and supported

130




groundwater withdrawal

from the staging is operated. At the foot of the
drill pipe, so0il loosened by the water enters into
the pipe allowing it to penetrate in the ground. As a
result of the jerking action of the drill pipe, the
loosened soil and water is pushed upwards and comes
out through the top of the pipe.

During the well sinking, one man sits on top of the
staging and takes care that the pipe is drilled per-
fectly vertically. At each upward stroke, he closes
the top of the drill pipe off with his hand which
introduces a suction action. This assists the loos-
ening of the soil at the pipe bottom and the forcing
up of the drilled soil. More pieces of pipe are added
as the string of drill pipe sections penetrates
deeper and deeper in the ground.

As the well sinking proceeds, so0il samples are col-
lected from the mud flow coming out at the top of the
drill pipe. These are taken at each 1.5 m the drill
pipe is sunk further, and then examined. The drilling
operation is stopped when good water-bearing for-
mations are sufficiently penetrated. The whole length
of pipe is withdrawn piece by piece taking care to
keep the drilled hole intact. Immediately after
withdrawal of the drill tubes, the well casing
consisting of plastic pipes complete with strainer
sections 1is fitted and lowered in the hole up to the
determined depth.

An indication of the time and labour requirements for
sinking a tubewell using the sludger method, may be
obtained from an example concerning a well sunk in
Konaburi District of Dacca (Bangladesh) to a depth of
about 28.5 m. The following data are quoted:

- Time required for drilling of the well 11 hours
- Time required for construction of platform 4 hours
- Labour engaged for drilling well skilled 2 men
unskilled 3 men
- Labour engaged for construction of platform
skilled 1 man
unskilled 1 man.
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surface water intake

8.1 River water intake

In tropical countries, rivers and streams often have
a wide seasonal fluctuation in flow. This affects the
quality of the water. In wet periods, the water may
be low in dissolved solids content but often of a
high turbidity. 1In dry periods, river flows are low
and the load of dissolved solids is less diluted.

Mountain streams sometimes carry a high silt load but
the mineral content is mostly low and human pollution
frequently absent. In plains and estuaries, rivers
usually flow slowly except when there is a flood. The
water may be relatively clear but it is almost always
polluted, and treatment will be necessary to render
it fit for drinking and domestic purposes.

The quality of river water will usually not differ
much across the width and depth of the river bed.
The intake, therefore, may be sited at any suitable
point where the river water can be withdrawn in suf-
ficient quantity. The design of a river water intake
should be such that both clogging and scouring will
be avoided. The stability of the intake structure
should be secured, even under flood conditions.

wWhere the river transports no boulders or rolling
stones that would damage the intake, an unprotected
intake may be adequate (Fig. 8.1).
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Figure 8.1.
Unprotected river intake
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In cases where protection of the intake is necessary,
intake structures of the type shown in Fig. 8.2 may
be suitable.

P

- SCREENS

I
’ gﬂ}d#

Figure 8.2.
River intake structure

The bottom of the intake structure should be at least
1 m above the river bed to prevent any boulders or
rolling stones from entering. A baffle may be needed
to keep out debris and floating matter such as tree
trunks and branches. To reduce the drawing in of silt
and suspended matter, the wvelocity of flow through
the intake should be 1low, preferably 1less than
0.1 m/sec.
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A river intake always requires a sufficient depth of
water in the river bed. A submerged weir across the
river may have to be constructed downstream of the
intake to ensure that the necessary depth of water
will be available, even in dry periods.

Frequently, pumping is needed for the intake of water
from river sources. 1f the variation between the high
and low water level in the river is not more than
3.5-4 m, a suction pump placed on the river bank may
be used (Fig. 8.3).

= T0 SUPPLY

HiGH W/L ur 10

VARIATION BETWEEN [ 354 m
HIGH AND LOW

WATER LEVEL.

LOW W/L

Figure 8.3,
Pumped river water intake

A different intake arrangement is needed if the re-
quired pumping head exceeds 3.5-4 m. One arrangement
worth considering uses a sump constructed in the
river bank. The river water is collected with in-
filtration drains laid under the river bed; under
gravity it flows into the sump. As the lowest water
level in the sump will probably be too deep for a
suction pump placed above ground, the water 1is
usually drawn with a submersible pump, or a spindle-
driven pump, positioned down in the sump.
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Figure 84.
Bank river intake using infiltration drains

8.2 Lake water intake

The quality of lake water is influenced by seli-
purification through aeration, bio-chemical pro-
cesses, and settling of suspended solids. The water
can be very clear, of low organic content and with
high oxygen saturation. Usually, human and animal
pollution only present a health hazard near the lake
shores. At some digtance from the shore, the lake
water is generally free from pathogenic bacteria and
viruses. However, algae may be present, particularly
in the upper water layers of lakes.

In deep lakes, the wave action and turbulence caused
by the wind striking the surface will not affect the
deeper strata. There being no mixing, a thermal
stratification will develop with the warmer upper
water layers floating on top of the cooler deeper
ones which have a higher mass density. As a result of
the thermal stratification, the deeper water layers
may differ in ¢uality from the upper water. The
thermal stratification can be fairly stable especial-
ly under tropical conditions. Fig. 8.5 gives an ex-
ample.
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Figure 8.5.

Water quality variation with depth in a deep lake (Indonesia)

The thermal stratification should be taken into ac-
count when the location and depth of a lake water
intake for water supply purposes is decided upon.
The presence of algae in the upper water layers is
another relevant factor.

In deep lakes with water of a low nutrient content
(nitrates, phosphates, etc), the chemical gquality of
the water will be much the same throughout the full
depth. For water supply purposes, water from deeper
strata will have the advantage of a practically con-
stant temperature. Provision should be made to with-
draw the water at some depth below the surface (Fig.
8.6).

Deep lakes containing water with a high nutrient
content show a marked difference of water guality at
different depths. Water should be withdrawn from the
upper layers of lake water containing the highest
oxygen content. However, as the top layer of water
may have become warmed up, the intake of water for
water supply should preferably be 3~5 m below the
surface.

In shallow lakes, the intake should be sufficiently

high above the lake bottom to avoid the entrahce of
silt (Fig. 8.7).
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Figure 8.6,
Variable depth lake water intake.
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Figure 8.7. : .
Intake structure at bottom of shallow lake.

8.3 Typical intake constructions

For small community water sesupplies the @quantity of
water needed being small, often very simple intake
structures can be used. With a per capita water use
of 30 litres/ day and the peak intake 4 times the
average water demand, 1,000 people would require an
intake capacity of only 1.4 litres/sec. A 150 mm in-
take pipe would be sufficient to keep the entrance
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velocity of flow below 0.1 m/sec. If an entrance
velocity of flow of 0.5 m/sec is allowed, a pipe as
small as 60 mm would be adequate.

For small capacity intakes, simple arrangements using
flexible plastic pipe can be used (Fig. 8.8).

Figure 8.8.
Simple water intake structure

Another intake construction using a floating barrel
to support the intake pipe, is shown in Fig. 8.9
The water is pumped from the well sump.

WELL SUMP

- BARREL
2 GUIDE POLES
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o \,
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Figure 8.9.
Float intake
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8.4 Small dams and village ponds

There are many small communities whose only source of
water supply is a small dam or pond. These are called
"hafir" (Sudan), "tapkis" (Nigeria), "represa" (South
America), "tank" (India), "pond" (Eastern Africa), or
other local names. In this handbook they are all
referred to as small dams or village ponds.

Small dams and village ponds vary in area from small
to large ones of several hectares. They may be
entirely natural 1in origin - depressions in flat
areas - or specially constructed for the purpose. If
man-made, they may have been excavated for the
express purpose of holding water or they may be pits
from which clay for building has been taken. Many
are a combination of natural and man-made pools which
have been deepened or enlarged over the years to in-
crease their holding capacity.

Some are to be found inside villages or small towns.
More usually, they are located just outside the vil-
lage area. In India they are often stocked with fish
which provides a wvaluable source of food for the
villagers.

Unfortunately, they are also used for washing and
bathing. More often than not they are polluted,
hazardous at best, and potential spreaders of epi-
demics. Too often they harbour pathogenic bacteria,
viruses and parasites which account for incalculable
numbers of illnesses and deaths, particularly amongst
children.

The water may be full of silt or colloidal matter,
especially immediately after the rains. Some village
ponds have been in existence for centuries; they may
be full of aquatic vegetation. Some are the reci-
pients of refuse of all sorts. Others are relatively
well-kept, beautiful in appearance and a distinctive
feature of the landscape.

In practice, it is impossible to prevent the pollu-
tion of these small dams and village ponds. By their
very nature they are at the lowest point of the sur-
rounding area and all the village drainage finds its
way into them.

In a newly excavated pond, the construction of an in-
take presents no difficulty if carried out before the
tank fills. In an established pond, work must be
done while the water is in use. Probably all the work
will be done by hand and no special tools will be
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available. In ponds where the water has high tur-
bidity, the water is best drawn from just below the
surface. A floating intake device may be suitable.
Plastic pipe could be used instead of galvanized iron
for the collecting pipe; bamboo might also be used
for this purpose. The floating support may be made
of bamboo or other locally available materials.

The presence of algae and other agquatic vegetation,
as well as fish, in the pond will make it necessary
to fix a strainer around the intake. The level of
the intake opening must be below the lowest drawoff
point, if syphoning is to be avoided. A well may be
dug close to the bank and the intake pipe either
thrust (using a heavy jack) or driven from the well
into the pond. The pipe is then capped while the well
is lined with masonry or concrete, and the floating
intake fixed. The well should be deepened to form a
sump which will allow some settlement of suspended
matter.

8.5 Screens

Screening of water is done by passing the water
through closely spaced bars, gratings or perforated
plates. Screening does not change the chemical or
bacteriological quality of the water. It serves to
retain coarse material and suspended matter larger
than the screen openings. Even when screened-out ma-
terial forms a filtering mat of deposits, the screen-
ing still is purely of a mechanical nature.

In water supply engineering, screens are used for
various purposes:

(1) Removal of floating and suspended matter of
large size which otherwise might c¢log pipe-
lines, damage pumps and other mechanical
equipment., or interfere with the satis-
factory operation of the treatment pro-
cesses. Fixed screens are used for this pur-
pose and they are cleaned on site by hand or
mechanically;

(ii) Clarification of the water by removal of sus-
pended matter even of small size, to lighten
the load on the subsequent treatment pro-

cesses. In particular they are used to
prevent filters from becoming clogged too
rapidly.
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Bar screens usually consist of steel strips or bars
spaced at 0.5 to 5 cm. If the amount of material ex-
pected to be screened out is small the bars are set
guite steeply, at an angle of 60-75¢ to the horizon-
tal, and cleaning is done by hand using rakes. 1f
larger amounts will be retained, the cleaning by hand
should still be feasible; to facilitate the cleaning
work, the bars should be placed at an angle of 30-45°
to the horizontal (Fig. 8.10).

The water should flow towards the bar screen at a
quite low velocity, 0.1 - 0.2 m/sec. Once the water
has passed the screen, the flow velocity should be at
least 0.3 - 0,5 m/sec¢ 1in order to prevent the
settling out of suspended matter.

FLOW =

L v s

Figure 8.10,
Fixed bar screen

In the openings between the bars the velocity of flow
should be limited to 0.7 m/sec; otherwise soft, de-
formable matter will be forced through the screen
openings. A clean screen will allow the water to pass
with a head loss of only a few centimetres. However,
the head loss rises sharply when the clogging of the
screen builds up. Regular cleaning should keep the
head loss limited to 0.1 - 0.2 m head of water.
Allowing for delayed <cleaning and mechanical
failures, it is good practice to design a bar screen
for a head loss of 0.5 - 1.0 m.
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DESIGN OF SMALL DAMS
U.8. Bureau of Reclamation, Washintom, D.C. 1973

Instituto de Ingenieria Sanitaria
ABASTECIMIENTOS DE AQUA POTARLE A COMMUNIDADES RURALES
Facultad de Ingenieria, Universitado de Buenos Aires, 1971

Institute of Water Engineers
MANUAL OF BRITISH WATER ENGINEERING PRACTICE (4th Edition)
W. Heffer & Sons Ltd., Cambridge, 1969

Wood, J.L.; Richardson, J.
DESIGN OF SMALL WATER STORAGE AND EROSION CONTROL DAMS

Colorado State University, Fort Collins, Colorado, 1975 74 p.
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artificial recharge
9.1 Introduction

Groundwater usually has the great advantage over sur-
face water from rivers and lakes in that it is free
from pathogenic organisms and bacteria causing water-
related diseases. However, groundwater is not always
available and the amounts that can be withdrawn are
usually limited. As indicated previously, in the long
run the withdrawal of groundwater cannot exceed the
amount of natural recharge. Therefore, when +this
recharge is small, the safe yield of the agquifer is
also small. Under suitable conditions it 1s possible
to supplement the natural recharge of an aquifer and
so add to its safe yield capacity. This is called
artifical recharge. 1t involves measures to feed
water from rivers or lakes into the aquifer, either
directly or by spreading the water over the in-
filtration area allowing it to percolate downward to
the aquifer. Artificial recharge c¢an have great
potential for improving small community water
supplies in many parts of the world.

Apart from adding to the yield of an aguifer, artifi-
cial recharge also provides purification of the in-
filtrated water. When water from a river or lake
flows through a granular ground formation (Fig. 9.1),
filtration will take place with a substantial removal
of the suspended and colloidal impurities, bacteria
and other organisms. The aquifer acts as a slow sand
filter.

Provided that the water is recovered at a sufficient
distance from the point of recharge, preferably more
than 50 m, the water will flow underground for a con-
siderable time, normally two months or more. As a
result of the bio-chemical processes, adsorption and
filtration, the water will become clear and safe for
domestic use. In many instances it can be used with-
out any further treatment.

The principal methods of artificial recharge of
aquifers are bank infiltration and spreading of the
water over permeable ground surfaces.
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RECHARGE RECOVERY
-

P

Figure 9.1.
Artificial recharge of aquifer

I1f artificial recharge is combined with underground
storage of the water, water taken from a river in the
wet season can be stored in the aquifer and recovered
during the dry period when the river flow is small or
absent (Fig. 9.2). It will often be much easier and
more economical to provide such underground storage
of water rather than surface vreservoirs. This 1is
particularly the casge in flat land. Additional ad-
vantages are the great reduction of evaporation
losses of water and the prevention of algal growth.

WET SEASON DRY SEASON

Figure 9.2,
Artificial recharge with underground storage of water

9.2 Bank infiltration

For bank infiltration (induced recharge), galleries
or lines of wells are placed parallel to the shore-
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line of a river or lake, at a sufficient distance.
This is shown in Fig. 9.3,

# s PV s - s

ORIGINAL SITUATION LOW ABSTRACTION RATE HIGH ABSTRACTION RATE

Figure 9.3.
Bank infiltration

In the original situation the outflow of groundwater
feeds the flow of the river. When amounts of ground-
water are withdrawn, the flow of groundwater into the
river will fall. The withdrawal of groundwater
results in a lowering of the groundwater table. For
high abstraction rates, the groundwater table near
the shoreline may be drawn down below the water level
in the river. Water from the river will be induced to
enter the aquifer. Provided that the permeability of
the stream bed is adequate, considerable amounts of
water may thus be recovered without much affecting
the groundwater table further inland (Fig. 9.4). The
abstracted water will, for the most part, be induced
recharge, that is water originating from the river.

Apart from hydrogeological factors, the design of an
induced recharge scheme is governed by two factors:
the rate of groundwater withdrawal (gq) from the
gallery or line of wells, and the distance (L) (see
Fig. 9.4). In order to provide for sufficient time
for the purification processes in the water during
its flow from the river to the gallery, the distance
L should not be less than 20 m and preferably 50 m or
more. The important parameter is the time the water
travels underground. Three weeks 1is a minimum and
whenever possible, it should be two months or more.
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Of course, the travel time not only depends on the
distance [ but also on the rate of withdrawal (q),
and the thickness and porosity of the aquifer.

Figure 9.4.
Induced recharge

Induced recharge is particularly useful in cases
where the natural recharge of an aquifer is small,
for example, an aquifer of narrow width consisting of
thin bands of pervious ground formations running
alongside the river (Fig. 9.5). The safe yield of
such an aquifer obtained from the natural recharge
only, will be very limited but large amounts of water
may be withdrawn when induced recharge is practiced.

IMPERVIOUS
ROCK

Figure 9.5.
Induced recharge and groundwater recovery from an aquifer of
smal width

The means for recovery of the recharged water may
also be set in the river bed itself. Fig. 9.6 shows
a line of jetted well points interconnected by a cen=-
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tral suction line. Another option is a horizontal
collector drain placed under the river bed (Fig. 9.7).

SUCTIONLINE 7] T

/

7

Figure 9.6.
Line of wellpoints placed in riverbed

I COVER

PP S DS

Figure 9.7. _ ~’
Horizontal collector drain under river bed '
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with induced recharge, river water is made to enter
the aquifer through the stream bed. At the river bed
some clogging will take place, as a result of de-
posits of suspended particles and precipitation of
dissolved solids. This clogging will gradually create
an infiltration head loss (see Fig. 9.8).

°

INFILTRATION
HEAD LOSS

Figure 9.5. ‘ )
Infiltration head loss on river bed due to clogging

Usually, the clogging of the river bed presents no
serious problems, as flood flows in the river will
periodically scour the river banks and wash away the
deposits. In rivers with dams for flood control,
however, scouring of the banks may be absent or in-
frequent. The clogging of the infiltration area can
then increase to the point that the rate of induced
recharge 1s greatly reduced. In theory, this could
be remedied by a cleaning of the river bed but this
is difficult and often impractical.

{ RECOVERY TWIN RECHARGE
BA?NS

L // ’ ///"//

=0\ {-CLOGGED RIVER BED - o °. |-
"..‘ rJ-"" g,\\?"';baneﬂe.' RIS
" SAND ANDGRAVEL o . = . = - ‘-'-\’:lGAL_LERY’- S
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Figure 9.9.
Basins for recharge of aquifer using river water
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In such cases, 1t may be advantageous to construct
twin spreading basins that are filled with water from
the river (Fig. 9.9). The bottom of these basins 1is
covered with a layer of medium coarse sand, about
0.5 m thick. Clogging will now be restricted to the
upper centimetres of this bed and can be readily re-
moved by scraping.

9.3 Water spreading

The bank filtration described in the previous section
can only be used where a suitable aquifer is adjacent
to the source of surface water. Sometimes, both a
suitable aquifer and a water source are present but
some distance apart. Artificial recharge then can be
practised but the water from the river, lake or other
source has first to be transported to those sites
where ground formations suitable for infiltration and
underground flow are available. This certainly re-
presents a complication of the recharge scheme but
important additional advantages are attained:

(i) The intake of water can be stopped when the river
water is polluted or otherwise of poor quality;

(ii) A saving in cost may be achieved when the
recharge scheme is situated near the water dis-

tribution area.

A comprehensive scheme for artificial recharge by
water spreading is shown in Fig. 9.10. It includes
pre-treatment of tre water hefore recharge in an in-
filtration basin, and further treatment after re-
covery.

PUMPING STATION INFILTRATION RECQVERY
BASIN

RIVER

TREATMENT
-

Figure 9.10.
Scheme for artificial recharge and recovery

Pre-treatment may be necessary to avoid that gilt is
deposited in the pipeline, or that microbiological
glimes are formed which would greatly reduce the

165

.

s
O 4
Bt

Y

REVEEEL



artificial recharge

pipeline's carrying capacity. It will also reduce the
clogging of the recharge basin so that less freguent
cleaning will be needed. Further it will protect the
aquifer from becoming fouled by nhon-degradable or-
ganic substances. Treatment of the water recovered
from the recharge sccheme is necessary in the event
that quality is still not satisfactory. This may for
instance pe the case when during its underground
travel the water has become anaerobic and has picked
up iron and manganese from the sub-soil.

Figure 9.11.
Water recharge in shallow aquifer using infiltration ditches and
drains

The design of an artificial recharge scheme depends
on three factors:

(1) The infiltration rate of the water in the
water sprecading basins. This rate should be so low
that the basins will only require cleaning after a
considerable period of time, at least several months
and prefcerably one year or more;

(ii) The travel time and length of the under-
ground water f[low;
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(iii) The maximum allowable difference of level
between the water in the spreading basins and the
groundwater table.

In combination, these factors indicate that for the
artificial recharge of shallow agquifers, particularly
aquifers with fine grain composition, the spreading
basins should be constructed as ditches, with gal-
leries for groundwater recovery constructed paraliel
to them (Fig. 9.11). For deep aguifers, particularly
those having a coarse grain composition, the
spreading basin preferably should be constructed as a
pond surrounded by a battery of recovery wells (Fig.
9.12).

e ° o
© o
° o
[ 1 °
o N / o
RECOVERY 'NT.TRATlUN POND
WELLS ° - o
'a S \ 0
o | .
° o
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- DRIGINAL B/W TABLE
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IMPERVIOUS BASE

Figure 9.12.
Recharge of a deep aquifer using aninfiltration pond and recovery
wells,
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The artificial recharge schemes as described above
are guite suitable for small community water
supplies, particularly in rural areas. For the
limited water regquirements to be met from these
supplies, treatment of the water is often not a
feasible proposition. To serve 200 people having a
per capita water use of 15 litres/capita/day, the re-
quired capacity would only be 3m3/day. Using arti-
ficial recharge, this can be readily provided. To
provide a retention time of the water underground of
60 days (2 months), an aquifer having 40% pore space
would need to be 450 m? in volume to serve the pur-
pose. Assuming an average saturated thickness of 2 m,
the surface area would be 225 m; for instance, 7.5 m
wide and 30 m long. This can easily be constructed in
the form of an excavation of 3 m deep, lined with a
layer of puddled clay or plastic sheeting to avoid
seepage losses (Fig. 9.13).

RIVER WATER RECHARGE

L pygoLED LAY

Figure 9.13.
Small-capacity recharge scheme

The possible utilization of rainwater for recharge
purpeoses is shown in Fig. 9.14.
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—RAINWATER CATCHMENT

INFILTRATION

EXCAVATION
water proofed with any
suitable material and
backfilled with clean
sand or gravel s

WATER WITHORAWAL WELL

. Source: ITDG
Figure 9.14.

Artificial recharge using rainwater
9.4 Sand dams

sand dams are reservoirs filled with coarse sand,
stones or loose rock. The water 1s stored in the
pores of the accumulated bed of sand. This greatly
reduces the evaporation losses of water. Sand dams
are, therefore, particularly useful 1in areas where
evaporation rates are high. They have been con=
structed in many of the semi-arid areas of Africa and
the Americas. Water may be stored for long periods,
and even under total drought conditions sand dams can
provide water from the stored volume.

Water is withdrawn from the sand dam by a drain pipe
or from a well dug into the sand bed near to the dam
(Fig. 9.15). Usually the water can be used without
any treatment, as it is filtered while flowing
through the sand bed.

In the semi-arid areas where the use of sand dams is
most appropriate, flood waters often carry a high se=
diment 1load because there 1is little vegetation to
prevent erosion of the soil. Considerable amounts of
gand and gravel are carried by the flood waters.
Thus, when the dam wall for a storage reservoir is
built in a river bed during the dry season, the flood
waters in the wet season will deposit the sand and
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gravel behind it. The flood waters will also carry
substantial quantities of mud. To ensure that mainly
sand and gravel are deposited behind the dam, the dam
wall should first be built to a height of only about
2 m . Later the wall should be raised as the sand and
gravel deposits build up. The staged raising of the
dam will enable the mud to be carried over it by the
overflowing flood waters. After four or five years,
the dam may reach its full height (usually 6-12 m).

STAGE 3
STAGE 2 —— -~

STAGE | —-
A

i

»
!
|

e
f R SLOTS FOR WATER
~ INTAKE TO WELL

Figure 9.15.
Sand dam (schematic)

Sand-fill dams can be used with particular advantage
for artificial recharge because they allow most of
the finer sediments in flood water to be carried away
with the overflow. Thus, the clogging of aquifers by
silt-laden water which can give problems in recharge
systems, 18 here avoided.
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pumping
10.1 Introduction

Water pumping technology developed parallel to the
sources of power available at the time. Indeed one
can say that our first ancestor who cupped his hands
and fetched water from a stream, chose the 'pumping’
technique appropriate to him. Modern devices such as
centrifugal pumps have reached a high state of devel-
opment and are widely used, particularly in developed
countries, only because suitable power sources such
as diesel engines and electric motors became avail-
able,

For small communities in developing countries, human
and animal power are often the most readily available
power for pumping water, particularly in rural areas.
Under suitable conditions, wind power is of relevance.
Solar energy can have potential. Diesel engines and
electric motors should only be used, if the necessary
fuel or electricity supplies are available and se-
cured, together with adequate maintenance and spare
parts.

10.2 Power sources for pumping

Human Power

A manual pumping device* (including devices operated

by foot) is any simple device powered by human power.

They are capable of lifting relatively small amounts

of water. Using human power for pumping water has

certain features that are important under the condi-

tions of small and rural communities in developing

countries:

- The power requirements can be met from within the
users' group;

- The capital cost of manually-operated pumps is
generally low;

- The discharge capacity of one or more manual
pumping devices is usually adequate to meet the
domestic water requirements of a small community.

*  Often referred to as; 'hand pump'
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Matthijs de Vrecde

Figure 10.1.
Hand-pumped water supply (Bangladesh)

The power available from the human muscle depends on
the individual, the environment, and the duration of
the task. The power available for work of long dura-
tion, for example 8 hours per day, by a healthy man
is often estimated at 60 to 75 watts (0.08 to 0.10
horsepower). This value must be reduced for women,
children and the aged. It also must be reduced for
high temperature, and work environments with high
humidity. Where the pump user and the pump are poorly
matched, much of the power input is wasted; for
example, when a person operates a pump from a stooped
position.

Animal Power

Draught-animals are a common and vital source of
power in many developing countries., Animal power is
poorly suited to operate small-diameter pump devices
fitted on covered wells. Animals are widely used for
lifting irrigation water from large-diameter, open
wells but these should not be used for community
water supply purposes. The most efficient use of
animals is at fixed sites where they pull rotating
circular sweeps or push treadmills. Both methods
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require gears and slow moving, large displacement
pumps. Bullocks and donkeys are mostly used.

Windpower

The use of windpower for pumping water should be
feasible if:

- winds of at least 2.5 - 3 m/sec. are present 607
or more of the time;

- The water source can be pumped continuously
without excessive drawdown;

- Storage is provided, typically for at least 3
days' demand, to provide for calm periods without
wind;

- A clear sweep of wind to the windmill is secured,
i.e. the windmill is placed above surrounding
obstructions, such as trees or buildings within
125 metres; preferably the windmill should be set
on a tower 4.5 to 6 metres high;

- Windmill equipment is available that can operate
relatively unattended for 1long periods of time,
for example six months or more. The driving
mechanism should be covered and provided with an

adequate lubrication system. Vanes, and sail
assemblies should be protected against
weathering.

By far the most common type of wind-powered pump is
the slow-running wind wheel driving a piston pump.
The pump is generally eguipped with a pump rod that
is connected to the drive axis of the windmill.
Provision may be made for pumping by hand during calm
periods.

The wind wheels range in diameter from about 2 to 6
metres. Even though the windmills themselves may have
to be imported, strong towers can usually be con-
structed from local materials.

Modern windmills are designed to ensure that they
automatically turn into the wind when pumping. They
are also equipped with a 'pull-out' system to auto-
matically turn the wheel out of excessive wind,
stronger than 13-15 m/sec., which might damage the
windmill. The 'sails' or fan blades can be so de-
signed that they furl automatically to prevent the
wheel from rotating too fast in high winds. The
windmill will normally not begin pumping until the
wind velocity is about 2.5 - 3 m/sec. Fig. 10.2 shows
several typical arrangements for windmill-pumped
water supply systems.
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Figure 10.2.
Windmill-pumped water supply systems

Electric Motors

Electric motors generally need less maintenance and
are more reliable than diesel engines. They are,
therefore, to be preferred as a source of power for
pumping if a reliable supply of electric power 1is
available. In such cases, electric motors can be used
to drive pumps. The electric motor should be capable
of carrying the work load that will be imposed,
taking into consideration the various adverse
operating conditions under which the pump has to
work. If the power requirement of a pump exceeds the
safe operating load of the electric motor, the motor
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may be damaged or burnt out. Attention must also be
paid to the characteristic of the motor and the
supply voltage.

There is a tendency to use general-purpose motors
offered by the manufacturers without giving due
consideration to the characteristics of the partic-
ular pump used, and this results in frequent failure
or burning out of the motor. Squirrel-cage motors are
mostly selected for driving centrifugal pumps as they
are the simplest electric motors manufactured.

Diesel Engines

Diesel engines have the important advantage that they
can operate independently at remote sites. The prin-
cipal requirement is a supply of gasoil and lubri-
cants and these, once obtained, can be easily trans-
ported to almost any place. Diesel engines, because
of their capability to run independent of electrical
power supplies, are especially suitable for driving
isolated pumping units such as raw water 1intake
pPuUmps.

A diesgsel engine operates through compression of air
to a high pressure, in its combustion chambers. As a
result of the high compression, the temperature of
the air rises to over 1,000° C. When gasoline is
injected through nozzles into the chambers, the
compressed air-gasoil mixture ignites spontaneously.

Diesel engines may be used to drive reciprocating
plunger pumps as well as centrifugal pumps. Gearing
or another suitable transmission connects the engine
with the pump. For any diesel-driven pump installa-
tion, 1t 1s generally prudent to select an engine
with 25-30% surplus power to allow for a possible
heavier duty than under normal conditions.

10.3 Types of pumps

The main applications of pumps in small community
water supply systems are:

- Pumping water from wells;

- Pumping water from surface water intakes;

- Pumping water 1into storage reservoirs and the
distribution system, if any.

167



pumping

Based on the mechanical principles involved, these
pumps may be classified as follows:

- Reciprocating#*

-~ Rotary (positive-displacement);
- Axial-flow (propeller);

- Centrifugal;

- Air 1lift.

Another type of pump with limited application in
water supply systems ig the hydraulic ram.

An indication of the pump type to be gelected for a
particular application c¢an be obtained from fig.
10.3. Table 10.1 gives characteristics of the various
types of pumps.
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Figure 10.3.
Pump type selection chart

*  Reciprocating pumps have a plunger (or piston) which moves
up and down (reciprocates) in a closed cylinder for positive
displacement ol water. On the upward stroke the plunger
forces water out through an outlet valve, and at the same
time water 1is drawn into the cylinder through an inlet
valve. The downward stroke brings the plunger back to its
starting position, and & new operating cycle can begin.
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Type of Pump Usual depth

range

Characteristics and Applicability

RECIPROCATING (plunger)

a. Suction (shallow well) up ta 7 m,

b, Lift (deep well)

2. ROTARY
{positive displacement)

a. Chain and bucket pump up to 10 m.

b. Helical rotor 25 - 150 m.
usually
submerged

3. AX1AL — FLOW 5 = 10 m.
4, CENTRIFUGAL

a. Single-stage 20 ~ 35 m,

b. Mulri-stage 25 - 50 m.

shafr-driven

c. Multi-stage 30 - 120 m.

submersible
5. AIR LIFT ' 15 - 50 m,

low speed of operation; hand, wind
or motor powered; efficiency low
(range 25 = 607)

capacity range: 10-50 1/min;
suitable to pump against variable
heads; valves and cup seals re—
quire maintenance attention.

low speed of operation: hand, . ;
animal, wind powered; : '
capacity range: 5=30 1/min. .

discharge constant under variable

heads,

using pearing; hand, wind or motor

powered good efficiency: best

suited to low capacity - high lift

pumping. ;

high capacity - low lift pumping;
can pump water containing sand or
silt.

high gpeed of operation - smooth,
even discharge; efficiency

(range 50-857) depends on operating
speed and pumping head.

requires skilled maintenance; not
suitable for hand operation;
powered by enpine or electric motor.

as for single stape. Motor accessible,
above ground; alignment and lubri-
cation of shaft critical; capacity
range 25 - 10,000 1/min.

as for multi-stage shaft-driven:
smoother operation; maintenance
difficult; repair to motor oc pump
requires pulling unit from well;
wide range of capacities and heads;
subject to rapid wear when sandy
water is pumped.

high capacity at low lift; very

low efficiency especially ar greater
lifts; no moving parts in the well;
well casing straightness not critical.
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10.4 Reciprocating pumps

The type of pump most frequently used for small water
supplies, 1is the reciprocating (plunger) pump.*
Several groups may be distinguished:

- Suction; lift

- Free delivery; force
- Single acting; double acting.

Suction Pumps (Shallow Well)

In the suction pump, the plunger and its cylinder are
located above the water level usually within the pump
stand itself (Fig. 10.4.).
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THAN T M

SUNCTION
PIPE

Figure 10.4.
Suction pump (shallow well)

= While this section focuses on the reciprocating plunger
pump, the principles outlined also apply to other types of
positive displacement pumps.
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The suction pump relies on atmospheric pressure to
push the water upwards to the cylinder. Contrary to
popular belief, this type of pump does not 'lift' the
water up from the source. Instead the pump reduces
the atmospheric pressure on the water in the suction
pipe and the atmospheric pressure on the water out=
side the suction pipe pushes the water up. Because of
its reliance on atmospheric pressure, the use of a
suction pump is limited to conditions where the water
table is within 7 m of the suction valve during
pumping. Theoretically, the atmospheric pressure
would allow a suction pump to draw water from as deep
as 10 metres, but in practice 7 m is the limit.*

Lift Pumps (Deep Well)

Deep or shallow well in terms of pump selection
refers to the depth of the water level in the well,
not the depth tc the bottom of the tubewell or the
length of the well casing.

In the deep-well pump, the cylinder and plunger are
located below the water level in the well. This pump
can lift water from wells as deep as 180 m or even
more. The forces created by the pumping work increase
with the depth to the water table, and the problems
associated with reaching the cylinder, deep in the
well, for maintenance and repalr are much more
difficult than in shallow well pumps. Thus the design
of pumps for deep well use 1is more c¢ritical and
complicated than for suction pumps.

An example of a (deep well) lift pump is shown in
fig. 10.5,

The principal characteristic of all (deep well) lift
pumps 1is the location of the cylinder. The cylinder
should preferably be submerged in the water, in order
to assure the priming of the pump.

* Depending on the altitude of the place where the pump is
operated.
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Figure 10.5.
Lift pump (deep well)
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Force Pumps

Force pumps are designed to pump water from a source
and to deliver it to a higher elevation or against
pressure. All pressure-type water systems use force
pumps. They are enclosed so that the water can be
forced to flow against pressure. Force pumps are

available for use on shallow or deep wells (Fig.
10.6).
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any oeern )]
UPT0 180 m

4

__ PUMP
CYLINDER

A) FORCE PUMP ON SHALLOW WELL B) FORCE PUMP DN DEEP WELL

Figure 10.6.
Force pumps

A shallow-well force pump is shown in Fig. 10.6a. Its
operating principle is the same as that of the reci-
procating plunger pump earlier discussed, except that
it is enclosed at the top and, therefore, can be used
to force the water to elevations higher than the
pump. For this, either a separate connection or a
hose or pipe is fitted to the spout.
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Force pumps usually have an air chamber to even out
the discharge flow. On the upstroke of the plunger,
the air in the air chamber is compressed and on the
downstroke the air expands to maintain the flow of
water while the plunger goes down. The trap tube
serves to trap air in the air chamber, preventing it
from leaking around the plunger rod.

The operation of a deep well force pump (Fig. 10.6b)
is the same. The principal difference is in the
location of the c¢ylinder. With the cylinder down in
the well the pump can lift water from depths greater
than 7 m.

Diaphragm Pumps

Diaphragm pumps are positive displacement pumps. The
main part of the pump is its diaphragm, a flexible
disc made of rubber or metal. Non-return valves are
fitted at the inlet and outlet (Fig. 10.7).

Figure 10.7.
Diaphragm pump

The edge of the diaphragm is bolted to the rim of the
water chamber but the centre is flexible. A rod
fastened to the centre moves it up and down. As the
diaphragm is lifted, water is drawn in through the
inlet valve, and when it iz pushed down, water is
forced out through the outlet valve. Pumping speed
usually is about 50-70 strokes per minute. These
pumps are self-priming.

The diaphragm pumping principle is used in a number
of novel handpump degigns. These pumps are being
field tested and developed for use in rural water
supplies (e.g. Hydropompe Vergnet; Petro Pump).
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10.5 Rotary (positive displacement) pumps

Chain Pumps

In the chain pump, discs of a suitable material (e.g.
rubber) attached to an endless chain running over a
sprocket at the top, are pulled upward through a pipe
to l1ift water mechanically up to the spout. This type
of pump can only be used on cisterns and shallow dug
wells. It can be readily adapted for manufacture by
village artisans (Fig. 10.8). A small chain pump
using a pipe of 20 mm diameter, with rubber discs
spaced at 1 m intervals, will discharge water at a
rate of 5 to 15 l/minute depending on the speed of
rotation of the operating wheel (30 to 90 rpm).
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Figure 10.8.
Chain pump
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Chain pumps using rags and balls instead of discs
were commonly used for draining mines in Western
Europe in the 16th Century. Animal-powered chain
pumps are used in Asia for irrigation pumping.
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Figure 10.9.
Helical rotor pump

Helical Rotor Pump

The helical rotor pump consists of a single thread
helical rotor which rotates inside a double thread
helical sleeve, the stator (Fig. 10.9). The meshing
helical surfaces force the water up, creating a
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uniform flow. The water output is proportional to the
rotating speed, and can be varied sgimply by changing
a pulley. As the rotor and stator provide an ef-
fective, continuous seal, the helical rotor pump
requires no valves. Helical rotor pumps are available
for use in 4-inch (100 mm) or larger tube wells.
Although relatively expensive, these pumps have given
good service on deep wells in parts of Africa and
Asia where they are known as the 'Mono' pump after
its British manufacturer.

Drive arrangements suitable for helical rotor pumps,
are: hand operation, electric motors, diesel and
petrol engines. Different drive heads are available.
If there is plenty of space, a standard head with a
V-belt drive can be used. Where a compact unit is
required, geared heads are installed for diesel
engine or electric motor drives.

10.6 Axial-flow pumps

In the axial-flow type of pump, radial fins or blades
are mounted on an impeller or wheel which rotates in
a stationary enclosure (called a casing) (Fig. 10.10).

BXeD |
GUIDE

BLADES — IMPELLER

Figure 10.10.
Axial-flow pump

The action of the pump is to mechanically lift the
water by the rotating impeller. The fixed guide
blades ensure that the water flow has no 'whirl'
velocity when it enters or leaves the impeller.
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10.7 Centrifugal pumps

The essential components of a centrifugal pump are
the impeller and the casing {(Fig. 10.11).

Figure 10.11.
Centrifugal pump (Volute-type Casing)

The impeller is a wheel having vanes radiating from
the centre to the periphery. When rotated at a suffi-
ciently high speed, the impeller imparts kinetic
energy to the water and produces an outward flow due
to the centrifugal forces. The casing is so shaped
that the kinetic energy of the water leaving the
impeller is partly converted to useful pressure. This
pressure will force the water into the delivery pipe.
The water leaving the eye of the impeller creates a
suction; it will be replaced by water drawn from the
source and forced into the casing under static head.

An impeller and the matching section of the casing is
called a stage. If the water pressure required in a
particular centrifugal pump application is higher
than a single stage can practicably produce, a number
of stages may be placed in series (multiple-stage

_pump). The impellers are attached to a common shaft

and therefore rotate at the same speed. The water
passes through the successive stages, with an in-
crease 1in pressure at each stage. Multiple-stage
centrifugal pumps are normally used for high pumping
heads.

The rotating speed of a centrifugal pump has a con-
siderable effect on its performance. The pumping
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efficiency tends to improve as the rotating speed
increases. Higher speed, however, may lead to more
frequent maintenance. A suitable balance between the
initial cost and maintenance costs has to be aimed
at. A comprehensive study of the pump's character-
istic is necessary before final selection.

In centrifugal pumps the angle between the direction
of entry and exit of the water flow ig 90°. In an
axial-flow pump (section 10.6.), the  water flow
continues through the pump in the same direction with
no deviation (0°). The term 'mixed=flow pump' is used
for those centrifugal pumps where the change in angle
lies between 0° and 90°; they can be single or multi-
ple~-stage.

10.8 Pump drive arrangements

Two different drive arrangements exist for water
pumping from deep wells: shaft driven and close-
coupled submersible electric motor.

A. SHAFT-DRIVEN

The crankshaft or motor is placed at the ground
surface and powers the pump using a vertical
drive shaft or spindle (Fig. 10.12). A long drive
shaft will need support at regular intervals
along its length and flexible couplings to
eliminate any stresses due to misalignment. The
advantage of a drive shaft 1is that the drive
mechanism may be set above ground or in a dry pit
and thus will be readily accessible for main-
tenance and repair. An accurate alignment of the
shaft is necessary; the shaft-drive arrangement
is not possible in crooked tubewells.

B. CLOSE-COUPLED SUEMERSIBLE ELECTRIC MOTOR

In this pump drive arrangement, a centrifugal
pump is connected directly to an electric motor
in a common housing, with the pump and motor as a
single unit. This unit is constructed for sub-
merged operation in the water to be pumped (Fig.
10.13.).
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Figure 10.12.

Shaft-driven pumps
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Figure 10.13.
Pumpdriven by a close-coupled submersible electric motor

The pump-motor unit (often referred to as ‘'sub-
mersible pump') is lowered inside the well casing,
and set a suitable depth below the lowest draw-down
water level in the well. Submersible pumps are often
a 'tight' fit in a tubewell as their outside diameter
is usually only 1 - 2 cm less than the internal bore
of the well casing. Consequently, great care is
needed during installation or removal of these pumps.
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A waterproof electric cable connects the motor with
the control box housing, the on-off switch and the
power connection. The electrical control should be
properly grounded to minimize the risk of shorting
and damage to the motor. Fig. 10.14 shows a sub-
mersible pump in exploded view.
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Figure 10.14.
Submersible pump (exploded view)

The submersible pump-motor unit is usually supported
by the discharge pipe which conveys the pumped water
to the connecting pipeline or tank.
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When sand 1is found or anticipated in the water
source, special precautions should be taken before a
submersible pump is used. The abrasive action of sand
during pumping would shorten the life of the pump
considerably.

10.9 Air-lift pumps

An air-lift pump raises water by injecting small
evenly distributed bubbles of compressed air at the
foot of a discharge pipe fixed in the well. This
requires an air compressor. The mixture of air and
water being lighter than the water outside the dis=-
charge pipe, the water/ air mixture is forced upward
by the hydrostatic head (Fig. 10.15).
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Figure 10.15.
Air lift pump (schematic)
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The pumping head (h) against which an air lift pump
can raise water, is related to the submergence (s) of
the discharge pipe. A high 1lift reguires a consider-
able submergence to a depth under the lowest drawdown
level of the water in the well. The point of injec-
tion of compressed air is also at this depth, so that
a sufficiently high air pressure is needed. The major
drawback of air-lift pumps is their low mechanical
efficiency in wutilizing the energy supplied for
lifting the water. The efficiency of an air-1lift pump
itgself 1is about 25-40%. Additional are the energy
losses in the compressor. Overall, not more than
15-30% of the total power consumption is effectively
utilized.

However, air-1lift pumps also have important ad-
vantages. They are simple to operate and not affected
by sand or silt in the pumped water. All mechanical
equipment (the compressor) is above ground. A number
of air-lift pumps installed in adjacent wells can be
operated using a single compressor. Water can be
air-1ift pumped from wells as deep as 120 m, at a
considerable rate. Thus, air-lift pumps should be
considered for those applications where their ad-
vantages will outweigh the drawback of high power
consumption due to the low mechanical efficiency.
They should be particularly considered in areas where
the groundwater carries much sand or silt, and for
pumping water that is acidic (low pH).

Table 10.2. is provided for preliminary guidance in
air-lift pump selection.
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Table 10.2,
Preliminary guidance in air-lift pump selection

Life Submergence Air-to—water Air pressure
(m) (m) Flow Ratio required
(volume/volume) (m Hy0)
10 12 3.0 20
20 20 4.7 30
30 25 6.2 40
40 28 7.9 45
60 40 9.6 65
80 ) 49 : 11.6 85
100 58 ’ 13,3 105
120 71 . 14.8 125
Pumping Discharge Air pipe Compressor
Capacity Pipe Diameter Diameter Power
(l/sec) (mmn) {mm) (HP)
2.5 75 (3" 25 (1™) 1.5
5.0 100 (4'") 40 (14™) 2.5
7.5 100 (4") 40 (1M 4
10.0 125 (5") 50 (2") 5
15.0 150 (&™) 50 (2') 7.5
20,0 150 (6™) 60 (23" 10
40.0 200 (8") 75 (3") 20

10.10 Hydraulic ram

The hydraulic¢ ram needs nc external source of power.
The ram utilizes the energy contained in a flow of
water running through it, to lift a small volume of
this water to a higher level. The phenomenon involved
is that of a pressure surge which develops when a
moving mass of water is suddenly stopped. A steady
and reliable supply of water is required with a fall
sufficient to operate the hydraulic ram. Favourable
conditions are mostly found in hilly and mountainous
areas. Hydraulic rams are not suited to pumping water
from wells.
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Figure 10.16. A Manual on the Hydraulic
Typical hydraulic ram Ram for Pumping Water,

I.T. Publications Ltd., 1974

The ram operates on a flow of water running from the
source down through the drive pipe into the pump
chamber. The water escapes through the opened impulse
valve (waste valve). When the flow of water through
the impulse valve is fast enough, the upward force on
the valve will exceed the spring tension of the valve
adjustment and the impulse valve is suddenly shut.
The moving mass of water is stopped with its momentum
producing a pressure surge along the drive pipe. Due
to the pressure surge, water is forced through the
non-return (delivery) wvalve and into the delivery
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pipe. Water continues to pass the non-return valve
until the energy of the pressure surge in the drive
pipe 1is exhausted. The air chamber serves to smooth
out the delivery flow of water, as it absorbs part of
the pressure surge which is released after the
initial pressure wave,

When the pressure surge is fully exhausted, a slight
suction c¢reated by the momentum of the water flow,
together with the weight of the water in the delivery
pipe, shuts the non-return valve and prevents the
water from running back into the pump chamber. The
adjustment spring now opens the impulse valve, water
begins to escape through it, and a new operating
cycle is started.

once the adjustment of the impulse valve has been
set, the hydraulic ram needs no attention providing
the water flow from the supply source is continuous,
and at an adequate rate, and no foreign matter gets
into the pump blocking the valves.

An air valve is provided to allow a certain amount of
air to bleed in and keep the air chamber charged.
Water under pressure will absorb air and without a
suitable air valve the air chamber would soon be full
of water. The hydraulic ram would cease to function.

The advantages of the hydraulic ram are:

- No power sources are needed, and there are no
running costs;

- Simple to make., Local materials and simple
workshop equipment can be used;

- It has only two moving parts.

A small supply of water with plenty of fall will
enable a hydraulic ram to lift as much water as a
large flow of water with a small fall. Most hydraulic
rams will work at their best efficiency if the supply
head is about 1/3 of the delivery head. The higher
the pumping head required, the smaller the amount of
water delivered.

In cases, where the required pumping capacity is
greater than one hydraulic ram can provide, a battery
of several rams may be used, provided the supply
source 1is of sufficient capacity (Fig. 10.17).
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Figure 10.17. :
Hydraulic rams placed parallel

The maintenance reguired for a hydraulic ram iz very
little and infrequent. It includes:

- Replacement of the valve rubbers when they wear
out;

- Adjusting the tuning;

- Tightening bolts which work loose.

Occasionally, the hydraulic ram may heed dismantling
for cleaning. It is essential that as little debris
as possible enters the drive pipe. For this reason,
it is necessary to provide a grate or strainer to
keep back floating leaves and debris.
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water treatment

water treatment
11.1 Introduction

There will be situations where treatment of the water
is necessary to render it fit for drinking and do-
mestic use. The provision of any form of treatment in
a water supply system will require a capital outlay
that may be relatively substantial. More important, it
will greatly expand the problems of maintaining the
water supply system, and the risks of failure. Some
water treatment processes are easier to operate and
maintain than others, but all need regular supervision
and attention. When designing a water treatment plant,
the operational and maintenance requirements are key
factors that must be considered caretully.

The purpose of water treatment is to convert the water
taken from a ground or surface source, the ‘'raw
water', into a drinking water suitable for domestic
use. Most important is the removal of pathogenic
organisms and toxic substances such as heavy metals
causing health hazards. Other substances may also need
to be removed or at least considerably reduced. These
include: suspended matter causing turbidity, iron and
manganese compounds imparting a bitter taste or
staining laundry, and excessive «carbon dioxide
corroding concrete and metal parts. For small commu-
nity water supplies, other water quality characteris-
tics such as hardness, total dissolved solids and
organic content would generally be less important.
They should be reduced to acceptable levels but the
extent to which the water is treated will be limited
by economic and technical considerations. The quality
guidelines for drinking water presented in Chapter 3
should be a guide when the extent of the necessary
treatment is determined.

Various water treatment processes (also called 'unit
operations') have been developed. Some serve a single
purpose, others have multiple applicability. Often a
treatment result can be obtained in different ways
(Table 11.1). The treatment processes mentioned, are
discussed in the chapters 12 - 17. Artificial re-
charge (discussed in Chapter 9) may also be regarded
as a water treatment process.
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Storage of water can be regarded as treatment. For
example, schistosomiasis cercariae are normally unable
to survive 48 hours of storage. The number of faecal
coliforms and faecal streptococci will be considerably
reduced when the raw water in subjected to storage.
Storage also allows sedimentation to take place re-
ducing the settleable solids content of the water.
Storage, however, may promote algal growth in the
water. Loss of water through evaporation often is
another drawback. These effects will be minimized if
storage tanks are covered which also would prevent
dust, insects, air borne pollution and small animals
from contaminating the stored water.

Table 11.1.
Effectiveness of water treatment processes in removing various
impurities

+++ eptc. ¥ increasing positive
af fect
~ no cffect
- = pnagative ecffect

TREATMENT
PROCESS Aeration Chemical Sediment- Rapid Slow sand Chlorina-
WATER Coagula~  atien Filtra-  Filtra- tion
QUALITY tion and tion tion
PARAMETER Floc.

Dissolved Oxygen
Content + [+] o - - +

Carbon Dioxide

Remaval - o . [« + ++ +
Turbidity*

Reduction a +++ + 44+ ++t++ a
Colour Reduction o ++ + + ++ ++

Taste and Odour
Removal ++ + + +4+ ++ +

Bacteria Removal o + ++ +4 +H++ e+

Iron and Manga-
nese Removal ++ + + ++++ ++44 o

Organic Matter
Removal + + ++ +++ R LT EN

* Turbidity of water is= caused by the presence of suspended matter scattering
and absorbing light rays, and thus giving the water a non-transparant, milky
appearance.
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Frequently, a number of water treatment processes have
to be used in combination, in order to obtain the
desired result. For groundwater and for clear surface
water, one or a few processes will probably be suf-
ficient. Slightly polluted surface water generally can
be sufficiently treated using a few processes; heavily
polluted water requires many treatment processes, one
after the other, to render it safe for drinking and
domestic use. For small community water supplies,
complicated treatment schemes are not suited and in
such cases a better solution may be to develop an-
other, unpolluted source of water even when this can
only be found at a greater distance. An alternative
may be the use of underground formations for storage
of water and guality improvement (artificial re-
charge).

Once the source of water has been selected, and the
variation in its quality assessed, the engineer c¢an
decide which treatment should be applied. The follow-
ing chapters give information and guidance. For small
community water supplies, the most important design
considerations are:

- Low cost;

- Use a minimum of mechanical ecquipment;

- Avoid the use of chemicals, when possible;
- Easy to operate and maintain.

Simple arrangements can be effective, provided they
are well-designed. The water <treatment process
diagram shown in Fig. 11.1 is illustrative.

FLOAT SUSPENDED
INTAKE

PUMP AND
ALve A/LUM & LIME PRESSURE TANK

COAGULANT MIXING TROUGH O Tanc CASIN

Figure 11.1.
Simple arrangements for water intake, coagulant mixing and
settling
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11.2 Groundwater quality and treatment

For the most part, groundwater originates from in=-
filtrated rainwater which after reaching the aquifer
flows through the underground. During infiltration,
the water will pick up many impurities such as in-
organic and organic soil particles, debris from plant
and animal life, micro-organisms, natural or man-made
fertilizers, pesticides, etc. During its flow under-
ground, however, a great improvement in water gquality
will occur. suspended particles are removed by fil-
tration, organic substances are degraded by oxidation,
and micro-organisms die away because of lack of
nutrients. The dissolved mineral compounds are not
removed; in fact, the mineral content of the water can
increase considerably through the leaching of salts
from the underground layers.

Groundwater, if properly withdrawn, will be free from
turbidity and pathogenic organisms. When it origin-
ates from a clean sand aquifer, other hazardous or
objectionable substances will also be absent. In these
cases, a direct use of the water as drinking water may
be permitted without any treatment. When the water
comes from an aquifer containing organic matter,
oxygen will have been consumed and the carbon dioxide
content of the water is likely to be high. The water
will then be corrosive unless calcium-carbonate in one
form or another is present. In cases where the amount
of the organic matter in the aquifer is high, the
oxXxygen content may be completely depleted. The water
containing no oxygen (anaerobic water) will dissolve
iron, manganese and heavy metals from the underground.
Through treatment these substances can be removed,
i.e. by aeration. It depends on the type of aerator
whether the carbon dicoxide content of the water will
be reduced or left unchanged. A reduction is
desirable if the water is corrosive but in other cases
it c¢an result in troublesome deposits of calcium
carbonate.

Sometimes, groundwater contains excessive amounts of
iron, manganese and ammonia. In Europe, where ground-
water 1is scarce, even such groundwater sources are
abstracted and treated with chemical coagulation and
flocculation or dry filtration to render them fit for
drinking and domestic purposes. However, for small
community water supplies in developing countries these
processes are too complicated and should be avoided
whenever possible. Table 11.2 sums up the treatment
processes described above.
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Table 11.2. i
Treatment of groundwater

Aeration for Plain (Rapid} Safety- or
Sediment- Filtra- Post~ Chlo-
WATER QUALITY increasing reducing ation tion rination
Oy CO2
Aerobiq, fairly .
hard, not . o]
corrogive
Aercbic, soft
. X o
and corxrosive
Anaerobic,
fairly hard, X ; . Q

not corrosive

no iron and
manganese

Anaercbic,
fairly hard, X [e] X o]
not corrosive

with iron and
manganege

Anaercbhic, soft,
corrosive

X X Q
no iron and
manganese
Anacrobig, soft
corrosive
X X o] X =}

with iren and
manganese

(X = necessary, 0 = optional)

11.3 Surface water quality and treatment

Surface water can be taken from streams, rivers, lakes
or irrigation canals. Water in such surface sources
originates partly from groundwater outflows and partly
from rainwater that has flowed over the ground to the
receiving bodies of surface water. The groundwater
outflows will bring dissolved so0lids into the surface
water; the surface run-off is the main contributor of
turbidity and organic matter, as well as pathogenic
organisms. In the surface water bodies, the dissolved
mineral particles will remain unchanged but the or-
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ganic impurities are degraded through chemical and
microbial processes. Sedimentation in impounded or
glow-flowing surface water results in the removal of
suspended solids. Pathogenic organisms will die off
due to lack of suitable food. However, new con-
tamination of the surface water is 1likely to take
place as a result of waste influents and algal growth.

In sparsely populated areas, clear water from rivers
and lakes might require no treatment to make it
suitable for drinking. However, taking into account
the risk of incidental contamination, chlorination as
a safety measure should be provided whenever feasible.
Unpolluted surface water of low turbidity may be
purified by slow sand filtration as a single treatment
process, or by rapid filtration followed by chlorin-
ation only. Slow sand filters, particularly in rural
areas of developing countries, have the great ad-
vantage that local workmen can build them with
locally-available materials and without much expert
supervision.

WHO Photo by J. M:;gee
Figure 11.2.
Surface water needs treatment before it is used for drinking and
domestic purposes
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When the turbidity of the water to be treated is high,
or when algae are present, slow sand filters would
rapidly clog. A pretreatment will be needed, such as
sedimentation, rapid filtration or both processes in
combination. For colloidal suspended particles, the
removal by settling can be greatly improved through
chemical coagulation and flocculation. The removal of
algae 1is promoted by pre-chlorination. All these
processes are redquired in most instances where the
organic matter content of the raw water is high. Water
from rivers and lakes is of a very wide variety in
composition and it is impossible to describe in detail
all the +treatment systems required in every case.
Leaving complicated processes out, Table 11.3 shows
the systems most applicable to small community water
supplies.

Table 11.3
Treatment of surface water

treatment Pre~chlo- Chem.coag. Sediment- Rapid Slow Sand Safety- or
Process rination and floc. ation Filtration Filtration Post-chlo-
rination

water
quality

clear and . o}
unpolluted

slightly . g

polluted, 0 X 0
low turbi-

ditcy

slightly
polluted,
medium
turbidity

slightly
polluted.,
high
turbidity

slightly
polluted, X X X b 4 X
many algae

heavily
polluted, X ! X X o
little X

turbidity

heavily
polluted,
much
turbidity

(X = necessary, 0 = optional)
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aeration
12.1 Introduction

Aeration 1s the treatment process whereby water is
brought into intimate contact with air for the pur-
pose of (a) increasing the oxygen content, (b) re-
ducing the carbon dioxide content, and (c¢) removing
hydrogen sulfide, methane and various volatile or-
ganic compounds responsible for taste and odour. The
treatment results mentioned under (a) and (c) are
always wuseful in the production of good drinking
water. Reducing the carbon dioxide content, however,
may shift the carbonate-bicarbonate equilibrium in
the water so that deposits of calcium carbonate are
formed which may cause problems.

Aeration is widely used for the treatment of ground-
water having too high an iron and manganese content.
These substances impart a bitter taste to the water,
discolour rice cooked in it and give brownish~black
stains to c¢lothes washed. The atmospheric oxygen
brought into the water through aeration will react
with the dissolved ferrous and manganous compounds
changing them into insoluble ferric and manganic
oxide hydrates. These can then be removed by sedi=-
mentation or filtration. It is important to note that
the oxidation of the iron and manganese compounds in
the water is not always readily achieved. Parti-
cularly when the water contains organic matter, is
the formation of iron and manganese precipitates
through aeration likely to be not very effective.
Chemical oxidation, a change in alkalinity or special
filters may then be required for iron and manganese
removal. These treatment methods, however, are expen-
sive and complex, and for rural areas in developihg
countries it would be better to search for another
source of water. For the treatment of surface water,
aeration would only be useful when the water has a
high content of organic matter. The overall quality
of this type of water will generally be poor and to
search for another water source would probably be
appropriate.

The intimate contact between water and air, as needed
for aeration, can be obtained in a number of ways.
For drinking water treatment, it is mostly achieved
by dispersing the water through the air in thin

sheets or fine droplets (waterfall aerators), or by
mixing the water with dispersed air (bubble
aerators). In both ways the oxygen content of the
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water can be raised to 60-80% of the maximum oxygen
content that the water could contain when fully
saturated. In waterfall aerators an appreciable
release of gases from the water is effected; in
bubble aerators this effect is negligible. The
reduction of the carbon dioxide by waterfall aerators
can be considerable, but is not always sufficient
vhen treating very corrosive water. A chemical treat-
ment such as the dosing of lime, or filtration over
marble or burned dolomite would be required for this
type of water.

12.2 Waterfall aerators

The multiple tray aerator shown in Fig. 12.1 provides
a very simple and inexpensive arrangement and it
occupies little space.

M /|T\

bon
|

RAW WATER

—= AERATED WATER

Figure 12.1,
Multiple-tray aerator

This type of aerator consists of 4-8 trays with per-
forated bottoms at intervals of 30-50 cm. Through
perforated pipes the water is divided evenly over the
upper tray, from where it trickles down at a rate of
about 0.02 m3/sec per m2 of tray surface. The drop-
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lets are dispersed and re-collected at each following
tray. The trays can be made of any suitable material,
such as asbestos cement plates with holes, small dia-
meter plastic pipes or parallel wooden slats (Fig.
12.2.). For finer dispersion of the water, the
aerator trays can be filled with coarse gravel about
10 cm deep. Sometimes a layer of coke is used which
acts as catalyst and promotes the precipitation of
iron from the water. A hand-cperated aeration/filtra-
tion unit for treatment of water having high iron and
manganese content is shown in Fig. 12.3.

Figure 12.2.
Aerator installation
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A
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-, 25 mm STONE
15 cm LAYER
75 mm x 25 mm
VENTILATORS uf
COARSE SAND
30 cm LAYER
25 mm sq. VENTILATORS 0 = o8 o
X

Ref.: NEERI, India
Figure 12.3.

Hand-operated aeration/filtration unit

A type of aerator with similar features, is the
cascade aerator (Fig. 12.4). Essentially this
aerator consists of a flight of 4-6 steps, each about
30 cm high with a capacity of about 0.01 m3/s per
metre of width. To produce turbulence and thus pro-
mote the aeration efficiency, obstacles are often set
at the edge of each step. Compared with tray aerators,
the space requirements of cascade aerators are some-
what larger but the overall head loss is lower.
Another advantage is that no maintenance is needed.

A multiple-platform aerator uses the same principles.
Sheets of falling water are formed for full exposure
of the water to the air (Fig. 12.5).
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AERATED WATER
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Figure 12.4.
Cascade aerator
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Figure 12.5,
Multiple-platform aerator
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Spray aerators consist of stationary nozzles, con-
nected to a distribution grid through which the water
is sprayed inte the surrounding air, at veleocities of
5-7 m/sec.

A very simple spray aerator is shown in Fig. 12.6,
with the water discharging downwards through short
pieces of pipe, of some 25 cm length and with a dia-
meter of 15-30 mm. A circular disk is placed a few
centimetres below the end of each pipe, so that thin
circular films of water are formed which further dis-
perse into a fine spray of water droplets.

Figure 12.6.
Spray aerator

Another type of spray aerator uses nozzles fitted to
feeding pipes, which spray the water upwards (Fig.
12.7). Spray aerators are usually located above the
settling tank or filter units, so as to save space,
and to avoid the need for a separate collector basin
for the aerated water.
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Figure 12.7,
Nozzled spray aerator

To avoid clogging, the nozzle openings should be
fairly large, more than 5 mm, but at the same time
the construction should be such that the water is
dispersed into fine droplets. Many designs have been
developed to meet these requirements. A simple spray
aerator using a baffle plate is shown in Fig. 12.8.

//i - T v
BAFFLE PLATE |~ N \ 1
i, \ ¥

X \
.
FEED PIPE
WITH NOZZLES
Figure 12.8.

Simple spray aerator using baffle plate
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Fig. 12.9 presents several examples of specially de-
gigned nozzles.

180 250

. MOUTH PIECE
“NEW YORK" “WEST PALM BEACH"
all measures “AMSTERDAM"
in mm
. After: Fair, Geyer & Okun, 1968
Figure 12.9.

REMOVABLE

Nozzles for spray aerators

12.3 Bubble aerators

The amount of air required for bubble aeration of
water is small, no more than 0.3-0.5 m? of air per m3
of water and these volumes can easily be obtained by
a sucking in of air. This is best demonstrated with
the venturi aerator shown in Fig. 12.10. The aerator
is set higher than the pipe carrying the raw water.
In the venturi throat the velocity of flow is so high
that the corresponding water pressure falls below the
atmospheric pressure. Hence, air is sucked into the
water. After passing the wventuri throat, the water
flows through a widening pipe section and the
velocity of flow decreases with a corresponding rise
of the water pressure. The fine air bubbles are mixed
intimately with the water. From the air bubbles,
oxygen 1s absorbed into the water. The release of
carbon dioxide in this type of aerator is negligible,
because the air volume of the bubbles is guite small.
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Compared with spray aerators, the space requirements
of venturi aerators are low; the overall headloss is
about the same.

I
(" PERFORATED PIPE
i

lAIR SUPPLY
o — -
THRlﬂAT VENTtlml
RAW WATER
o

AERATED WATER

Figure 12.10.
Venturi aerator

The submerged cascade aerator of Fig. 12.11 operates
by entrapping air in the falling sheets of water
which carry it deep into the water collected in the

troughs. Oxygen 1is then transfered from the air
bubbles into the water. The total fall is about
1.5 m subdivided in 3-5 steps. The capacity varies

between 0.005 and 0.05 m3/sec. per metre of width.

Figure 12.11.
Submerged cascade aerator
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coagulation and flocculation

13.1 Introduction

Coagulation and flocculation provide the water treat-
ment process by which finely divided suspended and
colloidal matter in the water, is made to agglomerate
and form flocs. This enables their removal by sedi-
mentation or filtration. Colloidal particles
(celloids) are midway in size* between dissolved
solids and suspended matter. Colloids are kept in
suspension ('stabilized') by electrostatic repulsion
and hydration. Electrostatic repulsion occurs because
colloids usually have a surface charge due to the
presence of a double layer of ions around each
particle. Thus, the colloid has an electric charge,
mostly a negative one. Hydration is the reaction of
particles at their surface with the surrounding
water. The resulting particle~water agglomerates have
a specific gravity which differs little from that of
water itself.

The substances that frequently are to be removed by
coagulation and flocculation, are those that cause
turbidity and colour. Surface waters in tropical
countries often are turbid and contain colouring
material. Turbidity may result from soil erosion,
algal growth or animal debris carried by surface
runoff. Colour may be imparted by substances leached
from decomposed organic matter, leaves, or soil such
as peat. Both turbidity and colour are mostly present
as colloidal particles.

The electrostatic repulsion between colloidal parti-
cles effectively cancels out the mass attraction
forces (van der Wwaal's forces) that would bring the
particles together. Certain chemicals (called coagu-
lating agents, coagulants) have the capacity to
compress the double layer of ions around the colloi-
dal particles. They check the electrostatic re-
pulsion, and thus enable the particles to flocculate,
i.e. to form flocs. These flocs can grow to a suf=-
ficient size and specific weight to allow their
removal by settling or filtration.

Generally, water treatment processes involving the
use of chemicals are not so suitable for small com-
munity water supplies. They should be avoided when-
ever possible. Chemical coagulation and flocculation

6

% Size range: 5.10 0 = 2.10"% millimetre
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should only be used when the needed treatment result
cannot be achieved with another treatment process
using no chemicals. If the turbidity and colour of
the raw water are not much higher than is permissible
for drinking water, it should be possible to avoid
chemical coagulation in the treatment of the water. A
process such as slow sand filtration would serve both
to reduce the turbidity and colour to acceptable
levels, and to improve the other water quality
characteristics, in a single unit. A roughing filter
can serve to reduce the turbidity load on the slow
sand filter, if necessary.

13.2 Coagulants

Alum (A12(SO },.nH,O; aluminium sulphate) is by far
the most wi&%f§ uded coagulant but iron salts (e.g.
ferric chloride;FeCl.) can be used as well, and in
some instances have gdvantages over alum. A signifi-
cant advantage of iron salts over aluminium is the
broader pH* range for good coagulation. Thus, in the
treatment of soft coloured waters where colour re=-
moval is best obtained at low pH's, iron salts may be
preferred as coagulants. Iron salts should also be
considered for coagulation at high pH's, since ferric
hydroxide is highly insoluble in contrast to aluminum
galts which form soluble aluminate ions at high pH's.
Sodium aluminate is mostly used for coagulation at
medium pH's. Synthetic organic polyelectrolytes have
become available as coagulants but are generally not
economical for small water supply systems, nor are
they readily available.

Coagulants such as soluble aluminium and iron salts
react with the alkalinity of the water, and hydrolyze
in it. For example, alum reacts to form aluminium-
hydroxide floc, Al(OH,), a gelatinous precipitate.
The reguired alkalinif% may be naturally present in
the water or it has to be added through dosage of
lime, Ca(OH.) or sodium carbonate, Na2C03 (also
called: soda=ash).

For good coagulation, the optimal dose of coagulant
should be fed into the water and properly mixed with
it. The optimal dose will vary depending upon the
nature of the raw water and its overall composition.
It is not possible to compute the optimal coagulant
dose for a particular raw water. A laboratory ex-

% Measure of the acidity/alkalinity of water. Acid water has a
pH below 7, the pH of alkaline water is higher than 7.
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periment called the 'jar test' is generally used for
the periodic determination of the optimal dose. The
'jar test' may be briefly described as follows:

A series of samples of water are placed on a special multiple
stirrer and the samples are dosed with a range of coagulant,
e.g. 10, 20, 30, 40 and 50 mg/l; they are stirred vigorously
for about one minute. Then follows a gentle stirring (10
minutes), after which the samples are allowed to stand and
settle for 30 to 60 minutes. The samples are then examined for
colour and turbidity and the lowest dose of coagulant which
gives satisfactory clarification of the water is noted.

A second test involves the preparation of samples with the pH
adjusted so that the samples cover a range (e.g. pH = 5; 6; 7
and 8). The coagulant dose determined previously is added to
each beaker. Then follows stirring, flocculation and settlement
as before. After this, the samples are examined and the optimum
pH is determined. If necessary, a re-check of the minimum
coagulant dose can be done.

200
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Coagulation of 50 mg/l kaolin with aluminum sulfate and
ferric sulfate. Comparison of pH =zones of coagulation of
clay turbidity by aluminum sulfate, curve A, and ferric
sulfate, curve B. Points on the curves represent coagulant
dosage required to reduce clay turbidity to one-half its
original value.

. (Adapted from R.F. Packham).
Figure 13.1.

pH zone-coagulation relationship
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As mentioned earlier, aluminium and iron salts have
consgiderable differences in their pH =zones of good
coagulation. For alum the pH zone for optimum coagu-
lation ig quite mnarrow, ranging from about 6.5 to
7.5. The comparable range for ferric sulfate is
considerably broader, a pH range of about 5.5 to 9.0
(Fig. 13.1). When the results of a 'jar test' are
plotted, this type of curve is typical.

The most common method of dosing the alum or ferric
sulphate ig in the form of a solution. Such a solu-~
tion (usually of 3 to 7% strength) is prepared in
gpecial tanks with a holding capacity of 10 or more
hours coagulant feeding requirements. Two tanks are
required, one in operation, while the solution is
being prepared in the other.

WATER
HAND —
ARITATOR

PERFORATED
BASKET

'“

= e
§-ALUM
5% S0L
ALUM/SOLUTION
(5%
) DRAIN @ m |
PVC PIPE DOSING TAP
—a ]|
CONSTANT __ | 7
LEVEL BOX !

Figure 13.2,
Chemical feed arrangement for alum

When using alum, one should keep in mind that in
golutions of less than 1 percent strength, the chemi-
cal 1is hydrolyzed (i.e. forms agglomerates with the
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chemical feed water) before it is dosed into the raw
water. To prevent this, the solution should always
have a strength of more than 1.5 percent.

Various chemical feed arrangements can be used. Fig.
13.2. shows an example.

The simplest method of using lime is in the form of a
suspension led into a special tank (called a 'Lime
Saturator'), to produce a saturated solution of cal-
cium hydroxide. The size of the tank depends on the
required lime dosage.

For further information on chemicals used in water
treatment, see Annex 4,

13.3. Rapid mixing

Rapid mixing aims at the immediate dispersal of the
entire dose of chemicals throughout the mass of the
raw water. To achieve this, it is necessary to agi-
tate the water violently and to inject the chemical
in the most turbulent zone, in order to ensure its
uniform and rapid dispersal.

The mixing has to be rapid, because the hydrolysis of
the coagulant is almost instantaneous (within a few
geconds). The destabilisation of colloids also takes
very little time.

The location of the rapid mixer should be near to the
'chemical house' where solutions of chemicals are
prepared. The feeding pipes then will be of short
length. It is also desirable to place the rapid
mixing device close to the flocculators. To combine
both these requirements in the layout of a treatment
plant is often qguite difficult.

Many devices are used to provide rapid mixing for the
dispersal of chemicals in water. Basically, there are
two groups:

i) Hydraulic rapid mixing;
ii) Mechanical rapid mixing.

Hydraulic Rapid Mixing

For hydraulic rapid mixing, arrangements are used
such as: channels or chambers with baffles producing
turbulent flow conditions, overflow weirs, and hy-
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draulic jumps (Figs. 13.3; 13.4; 13.5). Rapid mixing
may also be achieved by feeding the chemicals at the
suction side of pumps. With a good design, a hydrau-
lic mixer can be ag effective as a mechanical mixing
device.

— BAFFLES (45°)
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o rd N ’ ~ /, N s A
ﬂ +““w—/“7/m \\'% \\"/ R
5 2777 VIO TSI 7777
v 2] FEED POINT OF COAGULANT

Figure 13.3.
Baffled channel for rapid mixing
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NOTE: THE WEIR CAN ALSO BE USED
T0 MEASURE THE FLOW

Figure 13.4.
Overflow weir
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FEED POINT OF COAGULANT

Figure 13.5.
Hydraulic jump

IRC Photo

Figure 13.6.
Hydraulic jump for rapid mixing (Philippines)
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Mechanical Rapid Mixing

with mechanical mixing the power required for
agitation of the water 1is imparted by impellers,
propellors or turbines ('Rapid Mizxers', 'Flash
Mixers', 'Turbo Mixers'). See Fig. 13.7.

Generally, mechanical rapid mixers are less suitable
for small treatment plants than hydraulic ones since
they require a reliable and continuous supply of
power.
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Figure 13.7.
Mechanical mixer
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13.4 Flocculation

Flocculation is the process of gentle and continuous
stirring of coagulated water for the purpose of
forming flocs through the aggregation of the minute
particles present in the water. It is thus the con-
ditioning of water to form flocs that can be readily
removed by settling or filtration. The efficiency of
the flocculation process is largely determined by the
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number of collisions between the minute coagulated
particles per unit of time. There are mechanical and
hydraulic flocculators.

In mechanical flocculators the stirring of the water
is achieved with devices such as paddles, paddle
reels or rakes.

These devices can be fitted to a vertical or horizon-
tal shaft. Vertical shaft flocculators are usually
placed in a square tank with several chambers (4 or
more). With horizontal shaft flocculators having a
traverse flow, one should provide at least 4 rows of
shafts, with partitions of baffles (stop logs), so as
to avoid short-circuiting.

In hydraulic flocculatorsg, the flow of the water is
so 1influenced by small hydraulic structures that a

stirring action results. Typical examples are:
channels with baffles, flocculator chambers placed in
series (e.g. 'Alabama' flocculator) and gravel bed
flocculators.

The main shortcomings of hydraulic flocculators are:

- No adjustment is possible to changes of raw water
composition;

- No adjustment is possible to the water production
rate of the treatment plant;

- The head loss is often appreciable;

- They may be difficult to clean.

Design of Flocculators

In the design of a flocculator installation not only
the velocity gradient (G) should be taken into
account, but also the detention time (t). The product
G.t gives a measure for the number of particle collji=-
sions, and thus for the floc formation action.

The formula for computing the velocity gradient is:

G = \/ F , in which
/ov
6 )
P = power transmitted to the water (kilowatt)
V = volume of water to which the power is applied; where
applicable, the volume of the mixing tank or basin (m®)
/Ap: kinematic yéscosity of water (m?/sec)
(1.14 x 10_m?/sec at water temperature of 15°C;
1.01 x 10 "m?/sec at 20°C; 0.90 x 10 mZ/sec at 25°C).

velocity gradient (sec”
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Table 13.1.
Flocculator design criteria
Design Factor G t G.t
-1
(gec 7} (gec)
Range 10 to 100 1.200 to 1.800 30,000 to 150.000
Typical Value 45 to 90 1.800 50.000 to 100.000

For each individual flocculator, the optimal G.t
value should be carefully selected, and taken as high
as is consistent with the optimal formation of flocs
without causing disruption or disintegration of the
flocs after they have formed. The internal cohesion
of the flocs can be improved by chemicals such as

activated silica or polyelectrolytes (coagulant
aids).

13.5 Hydraulic flocculators

Baffled Channel Flocculators

For horizontal-flow baffled flocculation channels
(Fig. 13.8), the design water velocity usually is in
the 0.10 to 0.30 m/sec. range. Detention time normal-
ly is 15 to 20 minutes.

BAFFLES OR FLOCCULATED
ENTRANCE CHANNEL EARTI'!'"]NS WATER
PRl L & TN M P L J‘
L — =, \ —n L
1 /'F“‘\ - \
| b |

Figure 13.8.
Horizontal-flow baffled channel flocculator (plan)
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This type of flocculator is well suited for very
small treatment plants. The efficiency, however, is
highly dependent on the depth of water in the baffled
channel.

Flocculators with wvertical flow +through baffled
chambers (Fig. 13.9) are mostly used for medium- and
larger-size water treatment plants. The water flow
velocity range is 0.1 - 0.2 m/sec. Detention time is
10 - 20 minutes. Cleaning arrangements are called for
because of deposits in the flocculator.

L0SS OF HEAD

— ____._,E_..___“_._i

| BAFFLE |

|
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| RN
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SMALL DPENINGS

Figure 13.9.
Vertical-flow baffled chamber flocculator (cross section)

'Alabama'-type Flocculators

'Alabama'-type flocculators are hydraulic floccula-
tors having separate chambers placed in series
through which the water flows in two directions (Fig.
13.10). The water flows from one chamber to the next,
entering each adjacent partition at the bottom end
through outlets turned upwards. This type of floc-
culator was initially developed and used in the State
of Alabama (U.S.A.) and later introduced in Latin
America.
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‘Alabama’-type floceulator

For effective flocculation in each chamber, the
outlets should be placed at a depth of about 2.50 m
below the water level.

Common design criteria are:

Rated capacity per unit chamber: 25 to 50 litres/
seC per sgquare metre

Velocity at turns 0.40 to 0.60 m/sec
Length of unit chamber (L) 0.75 - 1.50m
width (B) 0.50 =~ 1.25m
Depth (h) 2.50 to 3.50m
Detention time (t) 15 to 25 minutes

The loss of head in this type of flocculator normally
is about 0.35 to 0.50 m for the entire unit. The
velocity gradient is usually in the 40-50 sec
range.

224



coagulation and flocculation

Table 13.2 provides practical guidance for the design
of an 'Alabama'=-type flocculator.

Table 13.2.
Guidance for ‘Alabama’-type floceulator design

Flow Rate Width Leagth Diameter Unit chamber Unit chamber
Q B L b area volume
1/s¢c. (m) (m) (mm) m?) w®)
10 0.60 0.60 150 0.35 1.1
20 0.60 0.75 250 0.45 1.3
30 0.70 0.85 300 0.6 1.8
40 0.80 1,00 350 0.8 2.4
50 0.90 1.10 350 1.0 3.0
60 1.00 1.20 400 1.2 3.6
70 1.05 1,35 450 1.4 4.2
80 1.15 1.40 450 1.6 4.8
a 1.20 1.50 500 i.8 5.4
100 1.25 1.60 500 2.0 6.0
Example:
Flow Q = 1.2 m3/minute, Detention time = 15 min. Size of curved

pipe: 250 mm (10"). Unit chamber measures 0.60 x 0.75 m2.
Volume of unit chamber: 1.3 m3, Total volume required: 15 x 1.2
= 18 m3. Number of chambers 18/1.3 = 14.

Hydraulic Jet Mixer and Flocculator

In a jet flocculator the coagulant (alum) is injected
in the raw water using a special orifice device. The
water is then jetted into a tapered cylinder placed
above the nozzle. The resulting jet pump action gives
a gentle stirring of the water for floc formation,
and part of the formed flocs are recycled (Fig.
13.11). Through these two actions, in combination,
excellent flocculation results can be achieved.
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Figure 13.11.
Hydraulic jet flocculator
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sedimentation

sedimentation
14.1 introduction

Sedimentation 1is the settling and removal of sus-
pended particles that takes place when water stands
still in, or flows slowly through a basin. Due to the
low velocity of flow, turbulence will generally be
absent or negligible, and particles having a mass
density (specific weight) higher than that of the
water will be allowed to settle. These particles will
ultimately be deposited on the bottom of the tank
forming a sludge layer. The water reaching the tank
outlet will be in a clarified condition.

Sedimentation takes place in any basin. Storage
basins through which the water flows very slowly, are
particularly effective but not always available. In
water treatment plants, settling tanks specially
designed for sedimentation are widely used. The most
common design provides for the water flowing horizon-
tally through the tank but there are also designs for
vertical* or radial flow. For small water treatment
plants, horizontal-flow, rectangular tanks generally
are both simple to construct and adequate.
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Figure 14.1. ‘
Rectangular horizontal flow settling tank

* The operational requirements of vertical-flow sludge
blanket-type settling tanks are so strict that they are
generally npot suitable for small water treatment plants.
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The efficiency of the settling process will be much
reduced, 1f there is turbulence or cross-circulation
in the tank. To avoid this, the raw water should
enter the settling tank through a separate inlet
structure. Here the water must be divided evenly over
the full width and depth of the tank. Similarly, at
the end of the tank an outlet structure is required
to collect the clarified water evenly. The settled -
out material will form a sludge layer on the bottom
of the tank. Settling tanks need to be cleaned out
regularly. The sludge can be drained off or removed
in another way. For manual cleaning (e.g. scraping),
the tank must first be drained.

14.2 Settling tank design

The efficiency of a settling tank in the removal of
suspended particles can be determined using as a
basis the gettling velocity (s_.) of a particle which
in the detention time (T) will %ust traverse the full
depth (H) of the tank. Using these notations (see
Fig. 14.1), the following formulae are applicable:

8 = Hs p o BLH, o5 that 8, = Q (m3/m2.br = m/hr)

T Q BL

settling velocity (m/hr)
detention time (hr)

flow rate (m3/hr)

depth of tank (m)

width of tank (m)

length (m)

LT I I I B

cwmoHn

Assuming an even distribution of all suspended
particles in the water over the full depth of the
tank (by way of an ideal inlet structure), particles
having a settling velocity (s) higher than s _ will be
completely removed, and particles that settPe slower
than Se will be removed for a proportional part,
5 1 8. _
This analysis shows that the settling eficiency
basically only depends on the ratio between the in-
fluent flow rate and the surface area of the tank.
This is called the '"surface loading”. It is in-
dependent of the depth of the tank. In principle,
there is no difference in settling efficiency between
a shallow and a deep tank.
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The settling efficiency of a tank as shown in Fig.
14.1, may therefore be greatly improved by the
installation of an extra bottom as indicated in Fig.
14.2. The effective surface area would be greatly
increased and the surface loading would be much
lower.

The design of a settling tank should properly be
based on an analysis of the settling velocities of
the settleable particles in the rav water (see: Annex
3).

RAW WATﬂL_,T SETILNG Z0N6 ~ — ?‘L____
: SETTLING ZONE ) -/__H

SETTLED WATER

SLUDGE ~—=

Figure 14.2.
Settling tank with extra bottom

Where sedimentation is used without pre-treatment,
(this is called "plain sedimentation") for the clari-
fication of river water, the surface loading gene-
rally should be in the range from 0.1-1 m/ hour. For
settling tanks receiving water that has been treated
by chemical coagulation and flocculation, a higher
loading is possible, somewhere between 1 and 3 m/hour.
In both cases, the 1lower the surface loading the
better the clarification of the water: the settled
water will have less turbidity.

The above considerations ignore the effects of tur-
bulence, short=circuiting and bottom scour. To keep
these effects to a minimum, the tank should not be
too shallow, at least 2 m deep or more, and the ratio
between length and width should be between 3 and 8.
The horizontal velocity of flow, computed as v_ = Q/BH,
will then be in the 4 to 36 m/hour range. A t8nk 2 m
deep or more could accommmodate mechanical sludge re-
moval equipment but small installations are better
cleaned manually. This is done at intervals varying
from one to several weeks. The depth of the tank
should be adequate to accommodate the sludge accumu-
lating at the bottom between the cleanings.
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For a further elaboration of settling tank design,
take the example of a town with a future population
of 10,000 inhabitants, requiring an average of 40
litres/day per person. Assuming a maximum daily de-
mand of 1.2 times the average demand, the design
capacity should be:

Q = 10,000 x Ao % 1.2 = 480 m3/day = 20 m3/hour
1,000

I1f the raw water source is turbid river water, it may
be subjected to plain sedimentation as a first treat=-
ment. Two settling tanks should be built. If the
second tank serves only as a reserve for when the
first tank is out of operation, then each of the two
settling tanks has to be designed to take the full
design flow (Q = 20 m3/hour). An alternative i1is to
provide two tanks of 10 m3/hour capacity each; this
would give a saving in construction costs. With one
of these tanks out of operation for cleaning, the
other tank has to be overloaded for the duration of
the cleaning operation. In many situations this can
be quite acceptable. Whether this approach may be
followed, must be determined in each individual case.

If experience with other installations using the same
water source indicates that a surface loading of 0.5
m/hour gives satisfactory results, the sizing of the
tank for a design capacity of 20 m3/hour would be as
follows:

Ag = ?O = 0.5, so that BL = 40 m?

BL BL
The tank dimensions could be, for instance:
B=3m, L = 14 m.

With a depth of 2 m the tank would have about 0.5 m
available for filling up with sludge deposits before
cleaning is needed. The horizontal flow
velocity would be:

v = Q. ,_,ﬁ) = 4.44 m/hour,

This is well within the design limits quoted above.
Assuming that during periods of high turbidity the
river water contains a suspended load of 120 mg/l
which is to be reduced to 10 mg/l by sedimentation,
then 110 grammes of silt will be retained from every
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cubic meter of water clarified. with a surface
loading of 0.5 m/hour this means an average sludge
accumulation of 55 gram/m2/hour; that is for sludge
having a dry matter content of 3%, an amount of
55 : 0.03 = 1830 cm®/m2 per hour = 1.83 mm/hour. At
the inlet end of the tank the deposits will accu-
mulate faster, probably about 4 mm/hour, so that for
an allowable accumulation of 0.5 m an interval of 125
hours or 5 days between cleanings is to be expected.
When the periods of high turbidity are infrequent and
of short duration, this is certainly acceptable,

14.3 Construction

Settling tanks with vertical walls are normally built
of masonry or concrete; dug settling basins mostly
have sloping banks of compacted ground with a
protective lining, if necessary.

Medium and large size settling tanks geherally have a

rectangular plan and cross-section. To facilitate
sludge removal it 1is convenient to have the tank
bottom slope lightly towards the inlet end of the
tank where the sludge pocket is situated.

As described in section 14.1, a settling tank should
have a separate inlet arrangement ensuring an even
distribution of the water over the full width and
depth of the tank. Many designs can be used; Fig.
14.3 shows a few examples. The arrangement shown to
the left consists of a channel over the full width of
the tank with a large number of small openings in the
bottom through which the water enters the settling
zone. For a uniform distribution of the influent
these openings should be spaced close to each other,
less than 0.5 m apart, and their diameter should not
be too small (e.g. 3-5 cm) otherwise they may clog
up. The channel should be generously sized, with a
cross=sectional area of at least twice the combined
area of the openings. A settling tank as elaborated
in the example given earlier, with a capacity of
20 m3/hour and a width of 3 m, would have in the
inlet channel about 6 holes of 4 cm diameter. The
inlet channel itself would be about 0.4 m deep and
0.3 m wide.
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Figure 14.3.
Inlet arrangements

Frequently, the effluent water leaves the tank over
weirs. Sometimes one weir is adequate but to prevent
the settled material from being picked up again, the
draw-off of the water should always be gentle and
more weirs may have to be provided (combined length
nB). The following formula can be used for computing
the total weir length required:

nB =
5Hso

In the example of the preceding section:

- 20 _
(n)(3) = (57(1.5)(0.5) °F 0 = 2

Outlet arrangements using one and more overflow weirs
are shown in Fig. 14.4.

when low weir overflow rates are used, the precise
horizontal positioning of the weir crest is of im-
portance. In the above example the 5 m3/hour overflow
rate would give an overflow height A of only 8 mm.
A slight deviation of the weir c¢rest from the
horizontal would then already cause a very uneven
withdrawal of the settled water. To avoid this as
much ag possible, the weir crest may be made of a
special metal strip fastened with bolts to the con=-
crete weir wall. The top of such a strip is not
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straight; it has triangular notches at intervals
(Fig. 14.5). Another solution is shown in Fig. 14.4
to the left. Openings in the settling tank wall are
used which should be of a smaller diameter than for
the similar inlet construction. For Q@ = 20 m3/hour, 6
openings of 2.5 cm diameter should be adequate. The
suspended matter content of the effluent water
normally being low, the danger of clogging the holes
is small and c¢leaning should not be needed fre-
quently.

=

Figure 14.4.
Outlet arrangements

BOLTS
e

Figure 14.5.
Notched overflow weir

Earlier it was mentioned that small settling tanks
may also be constructed simply as a basin with
vertical walls of wooden sheet piling or similar
material (Fig. 14.6), or with sloping walls (Fig.
14.7). In the latter case, only half the wetted slope
length should be taken into account when computing
the effective surface area and, thus, the surface
loading of the settling basin. In both cases the
basin should be constructed on raised ground to
prevent flooding during wet periods.
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Figure 14.6.
Setiling basin constructed with wooden sheet piles
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Figure 14.7.
Dug basin as settling tank
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14.4. Tilted plate and tube settlers

The improvement in settling efficiency which can be
obtained by the installation of one extra bottom
(tray) in a settling tank can be greatly increased by
using more trays as shown in Fig. 14.8. The space
between such trays being small, it is not possible to
remove the sludge deposits manually with scrapers.
Hydraulic cleaning by jet washing would be feasible
but a better solution is the use of self-cleaning
plates. This is achieved by sgetting the plates
steeply at an angle of 40 to 60° to the horizontal.
The most suitable angle depends on the characteris-
tics of the sludge which will vary for different
types of raw water. Such installations are called
tilted plate settling tanks. This type of tank is
shown schematically in Fig. 14.9. Fig. 14.10 shows a
cross-gection,

. A
RAW I ’ "
WATER—- e — = -
' /:—————-———'—'F_:_Tj SETTLED
P e - WATER
SLUDGE
Figure 14.8.
Multiple-tray settling tank

/1) e

WATER

a3 777

SLUDGE

Figure 14.9.
Tilted plate settling tank
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Figure 14.10.
Settling tank with tilted plates

For large tanks, quite sophisticated systems of trays
or plates, have been devised but in small instal-
lations flat or corrugated plates and upward flow of
the water are frequently the most suitable. For any
clarification duty, tilted plate settling tanks have
the advantage of packing a large capacity in a small
volume. The effective surface being large, the sur-
face loading will be low, and the settling efficien-
cy, therefore, high. The surface lcoading may be
computed as:
0

S = A

surface loading (m2/m2/hour)

rate of flow (m3/hour)

bottom area of the tank (m2)

multiplication factor depending on the type
and position of the tilted plates.

W u

=3 ON0]

Water enters at the bottom of the settling tank,
flows upward, passes the tilted plates, and is col-
lected in troughs (Fig. 14.11). As the water flows
upwards past the plates the settleable particles fall
to the plates. When they strike it, they slide down-
wards, eventually falling to the area beneath the
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plates. An individual particle might enter the plate
channels several times before it agglomerates and
gathers sufficient weight to eventually settle to the
tank floor.

e - -
SETTLED WATER
COLLECTING THROUGHS — INLET PIPE

gy [P
?O

Ty \\&\\T\

-t

VALVE

SLUDGE
DISCHARGE

TILTED PLATES
OR MODULES

Figure 14.11.
Tilted plate settling tank disign parameters

Assuming h = 1.5 m, w = 0.05 m, « = 55° and plates
made of asbestos cement with a thickness of 6 mm, we
find n = 16! Cne should keep in mind that the sludge
deposits per unit bottom area will also be 16 times
greater, for the same influent flow rate. Manual
sludge removal will probably be impractical. In a
tank having a square plan, rotating sludge scrapers
might be used. Another possibility is the use of
hopper-bottomed tanks with the walls sloping at about
50° to the horizontal. The depth of such a tank will
be considerable and the costs of construction are
likely to be much greater than for flat-bottomed
tanks. Sludge discharge is carried out through the

239

B )‘;‘ gaEn X

e
g3
B

THE T o 2o

R R

R




sedimentation

draining of water from the hopper-bottom section of
the tank (this is called "bleeding").

Instead of tilted plates, closely packed tubes may be
used. These can easily be made of PVC pipes, usually
of 3-5 cm internal diameter and sloping about 60° to
the horizontal. For large installations commercially
available tube models can have merit. An example is
shown in Fig. 14.12 . There are many other designs
that may give an equally good settling efficiency.

Figure 14.12.
Module for tube settler

In a 5 cm dia tube, the farthest distance any
particle must settle is from the top of the tube to
the bottom. If the particle's gettling rate is 2.5
cm/minute it will take only two minutes for the
particle to reach the bottom. In contrast, if the
same particle were to settle in a 3 m deep tank, it
would take 120 minutes (2 hours) for it to fall to
the tank bottom. Tube modules commonly are approxi-
mately 76 cm wide, 3 m long and 54 cm deep. Because
the tubes are at an angle of 60° the effective tube
length is 61 cm.

Tube modules can be constructed from flat sheets of
ABS plastic with the passage ways formed by slabs of
PVC. The passage ways are slanted in a criss-cross
pattern for structural strength so that the module
need be supported only at its ends. Being of plastic
these modules can be easily trimmed to fit the
available space in a settling tank.

The effective settling surface is very great and,
thus, the "surface loading" (overflow rate) very low.
To illustrate this: a flow rate of 2 m3/hour through
a settling basin of 0.1 m? surface represents a
"surface loading" of 20 m3/m?/hour. If twenty rows of
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tubes are used, the surface loading will be reduced
to 1 m3/m2/hour. The detention time of the water in
each tube will be just a few minutes.

The possibility of increasing the efficiency of a
tank through the installation of tilted plates or
tubes may be used with great advantage for raising
the capacity of existing settling tanks. Where the
available tank depth is small, less than 2 m, the
installation of the tilted plates or tubes is likely
to meet with problems. In deeper tanks, they can be
very advantageous.

In considering the expansion of existing facilities
by the addition of tilted plates or tubes, it is
important to remember that more sludge will be
generated and so additional removal facilities may be
required. Inlet and outlet pipe sizes and weir
capacity should also be checked to see if they can
carry the increased loading.
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slow sand filtration

slow sand filtration
15.1 Introduction

Filtration is the process whereby water is purified
by passing it through a porous material (or 'medium').
In slow sand filtration a bed of fine sand is used
through which the water slowly percclates downward
(Fig. 15.1). Due to the fine grain size the pores of
the filter bed are small. The suspended matter
present in the raw water is largely retained in the
upper 0.5-2 cm of the filter bed. This allows the
filter to be cleaned by scraping away the top layer
of sand. As low rates of filtration are used (0.1-0.3
m/hour = 2-7 m3/m2/day), the interval between two
successive cleanings will be fairly long, usually
several months. The filter cleaning operation need
not take more than one day but after cleaning, one or
two more days are required for the filter bed to
again become fully effective. .
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Figure 15.1.
Slow sand filter
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The main purpose of slow sand filtration is the
removal of pathogenic organisms from the raw water,
in particular the bacteria and viruses responsible
for the spreading of water-related diseases. Slow
sand filtration is highly efficient in this respect
as it 1is capable of reducing the total bacteria
content by a factor of 1,000 to 10,000, and the
E.coli content by a factor 160 -~ 1,000. A well-
operated slow sand filter will remove protozoa such
as Endamoeba histolytica and helminths such as
schistosoma haematobium and Ascaris lumbricoides.

When processing raw water that is only lightly con-
taminated, slow sand filters will produce a bacteri-
ologically safe water. E.coli will normally be absent
in a 100 ml sample of the filtered water, which
satisfies normal drinking water standards.

9

’ 1IRC Photo

Figure 15.2.
Slow sand filter - circular type (Pakistan).

Slow sand filters are also very effective in removing
suspended matter from the raw water. However, the
clogging of the filter bed may be too rapid necessi-
tating frequent cleanings. Trouble=free operation is
only possible when the average turbidity of the raw
water is less than 5 F.T.U., with peak values below
20 F.T.U. and occurring for periods of a few days
only. When this is not the case, the suspended load
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in the raw water must be reduced by a pre-treatment
process such as sedimentation, coagulation and
flocculation, or rapid filtration, before the water
is admitted to the slow sand filter. In storage
reservoirs, suspended particles will be removed by
settling but a rapid blocking of the slow sand filter
bed would still take place when considerable algal
growth occurs. Pre-treatment will then be necessary.

Slow sand filters have many advantages ' for use in
developing countries. They produce a clear water,
free from suspended impurities and hygienically safe.
They can be built with local materials using local
skills and labour. Much of the complex mechanical and
electrical equipment required for most other water
treatment processes can be avoided. Slow sand filters
do not for their operation reguire coagulating chem-
icals, lime or chlorine that frequently need to be
imported. It is true that they occupy more land and
that their cleaning calls for ample labour but par-
ticularly in the rural areas of developing countries
these requirements generally should be no drawbacks.

15.2 Theory of slow sand filtration

In slow sand filters, the removal of impurities from
the raw water is brought about by a combination of
different processes such as sedimentation, ad-
sorption, straining and, most importantly, bio-
chemical and microbial actions. The purification
processes start in the supernatant water but the
major part of the removal of impurities from the
water and the microbial and bio-chemical processes
take place in the top layer of the filter bed, the
'Schmutzdecke!'*.

Straining removes those suspended particles that are
too large to pass through the pores of the filter
bed. It takes place almost exclusively at the surface
of the filter where the impurities are retained in
the top layer. This will improve the straining ef-
ficiency but it also increases the resistance against
the downward water flow. Periodically the accumulated
impurities have to be removed by scraping off the top
layer. In this way the operating head of the filter
bed is brought back to the original value.

* The 'filter skin' or layer of deposited material that forms
on top of a slow sand filter.
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Sedimentation removes fine suspended solids as they
are deposited onto the surface of the filter bed sand
graing. For fine sand as normally used in slow sand
filters the combined surface area of the grains is
very great, some 10,000 to 20,000 square netres per
cubic metre of filter sand. In combination with the
low rate of filtration, this gives a very low
'surface loading' (as described in section 14.2). The
settling efficiency will, therefore, be so high that
even very small particles can be completely removed.
Again, this action takes mainly place in the upper
part of the filter bed and only organic matter of low
mass density is carried deeper 1into the bed. The
remaining suspended solids, together with colloidal
and dissolved impurities, are removed by adsorption
either onto the sticky gelatinous coating formed
around the filter bed grains or through physical mass
attraction and electrostatic attraction.

The electrostatic attraction is the most effective,
but it occurs only between particles having opposite
electrical charges. Clean quartz sand has a negative
charge and 1s, therefore, unable to adsorb negative-
charged particles such ag bacteria, colloidal matter
of organic origin, anions of nitrate, phosphate, and
similar chemical compounds. Thus, during the ripening
period of a slow sand filter, only positive-charged
particles are adsorbed, such as floc of carbonates,
iron- and aluminium hydroxide, and cations of iron
and manganese. However, the adsorption of positive
charged particles will continue to a stage that
over-saturation occurs. The overall charge of the
filter bed grain coatings then reverses and becomes
positive, after which negative-charged particles will
be attracted and retained. After the initial ripening
period the filter bed will exhibit a varied and
continuously varying series of negative and positive
charged grain ccatings that are able to adsorb most
impurities from the passing water.

The matter accumulated on the filter sand grains does
not remain there unchanged; it is transformed by
bio-chemical and bacterial activity. Soluble ferrous
and manganous compounds are turned into insoluble
ferric and manganic oxide hydrates that become part
of the coating around the sand grains. Organic matter
is partly oxidised thus providing the energy needed
by the bacteria for their metabolism. Another part of
the organic matter is transformed into cell material
which is used for bacterial growth. Usually, the
amount of organic matter in the raw water is small
and provides food for only a limited bacterial popu-
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lation. Thus, simultaneous with the bacterial growth
mentioned above, there will be a die~off of bacteria.
Organic matter is so released. It is carried away
with the water flow and again consumed by other
bacteria deeper in the filter bed. In this way the
degradable organic matter originally present in the
raw water 1is gradually broken down and transformed
into inorganic compounds such as carbon dioxide,
nitrates, sulfates, and phosphates. Finally these are
discharged with the filter effluent.

It should be stressed that the microbial actions
mentioned above need time to establish themselves.
Hence, a ripening period of sufficient time is re-
quired. During this period bacteria from the raw
water are adsorbed onto the filter bed grains. There,
they multiply using the organic matter present in the
water as food. The break-down of ¢rganic matter takes
place in many steps in each of which a particular
type of bacteria is active.

For the filtration process to be effective, it 1is
necessary that the bacteria develop and migrate to
the deeper layers of the filter bed. This takes time,
and variations 1in the filtration rate should be
introduced slowly over a period of hours. In practice
it has been found that the full bacterial activity
extends over a depth of about 0.6 m of filter bed so
that the effective bed thickness should be not less
than 0.7 m. The initial bed thickness should be
0.3-0.5 m more, to allow for a number of filter
scrapings before resanding is necessary.

The most important purification effect of a slow sand
filter is the removal of bacteria and viruses.
Through adsorption and other processes, bacteria are
removed from the water and retained at the surface of
the filter bed grains. For intestinal bacteria, the
filter bed provides unfavourable conditions because
the water 1is generally c¢older than their natural
habitat, and usually contains not sufficient organic
matter (of animal origin) for their living require-
ments.

Moreover, in the upper part of the filter bed several
types of predatory organisms abound feeding on bac-
teria. Deeper in the filter bed bio~chemical oxi-
dation will have reduced the organic matter in the
water already so much that the bacteria are starved.
The various micro-organisms in a slow sand filter
produce chemical compounds (antibiotics) and micro-
bial agents that kill or at least inactivate in-
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testinal bacteria. The overall effect is a con-
giderable reduction of the number of E.coli and,
since pathogens are less likely to survive than
E.coli, an even greater reduction of their numbers is
obtained. Treating a raw water of average bacterio=-
logical quality with slow sand filters, it is usual
to find E.coli absent in 100 ml samples of filtered
water.

Slow =zand filters are usually built in the open.
Photosynthetic algal growth may occur. This has some
disadvantages as will be explained in section 15.5
but it also promotes the filter efficiency and helps
achieve a greater removal of organic matter and
bacteria. This is brought about by the thin slimy
matting on top of the filter bed, consisting of
threadlike algae and numerous other forms of aquatic
life such as plankton, diatoms, protozoa, and
rotifers. The filter matting is intensely active with
the various organisms entrapping, digesting and
breaking down organic matter from water passing
through. Dead algae from the supernatant water and
living bacteria from the raw water are similarly
consumed in +the filter matting; inert suspended
matter is strained out.

15.3 Principles of operation

Basically a slow sand filter consists of a tank, open
at the top and containing the bed of sand. The depth
of the tank is about 3 m and the area can vary from a
few tens to several hundreds of sguare metres. At the
bottom of the tank an underdrain system (the 'filter
bottom') is placed to support the filter bed. The bed
is composed of fine sand, usually ungraded, free from
clay and loam, and with as little as possible organic
matter in it. The filter bed normally is 1.0-1.2 m
thick, and the water to be treated (the 'supernatant
water') stands to a depth of 1.0-1.5 m above the
filter bed.

The slow sand filter is provided with a number of
influent and effluent lines fitted with valves and
control devices. These have the function of keeping
both the raw water level and the filtration rate
constant.

For clarity of illustration all influent and effluent
lines are shown separately in Fig. 15.3 but in prac-
tice they are combined and placed together to save on
construction costs.
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Figure 15.5.
Slow sand filter

During operation, the raw water enters the filter
tank through valve A and passes the float-controlled
regulating valve B; the supernatant water infiltrates
into the filter bed and percolates down toward the
underdrain system; the filtered water then passes a
flow meter and the regulating valve F, and flows into
the outlet weir chamber; from there the water passes
through valve J and flows into the clear water well.
Valve B keeps the raw water at a constant level. To
obtain a constant rate of filtration, the regulating
valve has to be opened a little bit each day in order
to compensate for the increase in resistance of the
filter bed due to c¢logging. When the demand for
filtered water changes, valve F is adjusted slowly,
over a period of several hours, with the water
production rate checked by reading the flow meter.
The outlet weir prevents under-pressures from oc-
curring in the filter bed and makes the operation of
the filter independent from water level variations in
the clear water well. The weir also provides aeration
of the water for which the weir chamber should be
ventilated. vVentilation is further required for the
filter itself to provide for the release of gases
that are liberated or produced during filtration. To
facilitate the release of these gases, the undersgide
of the filter bottom should slope 1:500 upward in the
direction of flow. For drainage purposes (e.g. when
repairs are carried out) the filter-tank floor should
slope 1:200 downward. If considerable amounts of scum
(e.g. floating algae) accumulate at the water surface
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slow sand filtration

during filtration, scum outlets at the four corners
of the filter are handy for regular scum removal.

when after a period of operation the regulating valve
F 1s fully open, a further increase in filter re-
sistance would result in a reduction of the fil-
tration rate. The production of filtered water would
fall below the required rate, and the filter must be
taken out of service for cleaning. Cleaning is
carried out by scraping off the top 1.5 to 2 cm of
dirty sand. For this the filter must first be drained
to a water level about 0.2 m below the top of the
sand bed. To start the cleaning operation, valve A is
closed, usually at the end of a day, while the filter
continues to discharge water 1n the normal way
through valves F and J. The next morning, valves F
and J are closed and the remaining supernatant water
ig drained off through valve C. This draining of the
filter is controlled by a box of which one wall
consists of stop logs forming a weir. The top of this
welr 1is kept more or less level with the top of the
filter bed. The pore water in the upper 0.2 m of the
sand bed is drained off by opening valve E for a
short period of time. When the cleaning operation
(see section 15.6) has been completed, valve (C is
closed and the filter is slowly refilled with fil-
tered water from underneath, through valve D, to a
level of about 0.1 m above the top of the sand bed.
During this operation one should take care that all
the air that has accumulated in the pores of the bed
is driven out.

After this, raw water is admitted from the inlet
through valve A taking care not to damage the filter
bed. An effective arrangement is to locate valve A
above the discharge box connected to valve C. When
the raw water level in the filter has reached its
normal level as determined by the regulating val