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PREFACE

In 1978, a fruitful partnership commenced between the Sarvodaya Rural Technical
Services (SRTS) and HELVETAS. In the beginning a small but motivated unit
supported the Sarvodaya Shramadana Movement by providing training to young
men and women in agriculture and artisan skills.

Initially SRTS was engaged mostly in the northern districts of Sri Lanka,but with
increasing numbers of skilled staff its activities were successfully extended to the
other parts of the island. Over the years there was a shift from training and
agricultural activities towards more technical (rural infrastructure) projects. SRTS
specialised in assisting the rural communities in improving the infrastructure of their
villages through the construction of Gravity Water Supply Schemes, Hand-Dug
Wells,Bridges, Culverts, Latrines etc.

The large number of similar projects implemented by SRTS made it advisable to
standardize the design and construction procedures. The manuals and standard
drawings which were consequently prepared by the senior SRTS staff together with
the HELVETAS engineers reflect the experiences gained throughout the years.

In August 1991, HELVETAS decided to update and to revise all these technical
papers with the broader aim to make them available not only to SRTS but also to
other organisations, institutions or individuals interested and engaged in this field of
work. As a result of these efforts the following manuals are now available:

"Construction of Latrines In Rural Villages in Sri Lanka"
(also available in Sinhala and Tamil)

"Construction of Hand-Dug Wells in Rural Villages in Sri Lanka"
(also available in Tamil and Sinhala)

"Design, Construction and Standardisation of Gravity Water Supply Systems in
Rural Villages in Sri Lanka"
(available also in Sinhala)

It should be noted that these manuals are technical handbooks for those involved in
the planning and construction of hand dug wells, gravity water supply systems and
latrines. Other related aspects of such projects, like health education, participatory
planning and involvement of the villagers in the construction phase or maintenance
of completed projects are only touched or not discussed at all.

We are grateful to all who contributed to the completion of these manuals and would
appreciate comments or suggestions for further improvements. For any inquiries you
can contact our office under the following address:

HELVETAS, 15/2 Ekanayake Avenue, Nugegoda (Sri Lanka)
Tel. 01-85 24 54; Fax: 01-81 19 92

Nugegoda, March 1994
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PART 1

D E S I G N



INTRODUCTION

The need of water is common to all living things. Human beings' health and well-
being depend upon an adequate water supply. Where water is inadequate, life is a
struggle.

Besides the traditional hand-dug wells, gravity-fed water supply schemes are an
excellent option to cover the demand for water in rural villages in Sri Lanka. Water
supply schemes which necessitate the use of pumps are hardly sustainable in rural
areas although they are a necessity in urban areas. Gravity-fed Water Supply
Schemes (GWSS) can easily be built in cooperation with local communities.
Although this manual is not about community development but about technical
matters, it has to be emphasized that the active participation of the future users of a
GWSS is a must. But community participation alone cannot guarantee a sustainable
project. More important is Operation and Maintenance (O+M) of a running system.
Very often villages participated successfully in the construction of a GWSS but they
failed to run and maintain it. It needs a well established and efficient organisation at
village level to organize O+M.

From our experiences in Sri Lanka we learned that a community contribution of
around 20% of the total cost (including overhead and capital cost) can be reasonably
expected.

It requires some technical know-how to design a GWSS. Most of this know-how is
contained in this manual. Nevertheless, a potential designer of a GWSS should have
at least some basic experience in construction works and should have an academic
background that allows him/her to do some computations of a medium level of
difficulty.

This part of the manual discusses the following points:

- Health Aspect of Water

- Hydrology

- Water Sources (1)

- Hydraulics

- Design Guidelines

- Design Example

In the second part of this manual you find details about construction of GWSS and all
standard drawings of the different structures concerned with GWSS.

The Appendix to this manual includes references and a bibliography for further
reading

1 The manual is confined only to the tapping of underground springs for GWSS. Water from streams and rivers
is usually not safe for drinking. Such water sources require often sophisticated treatment plants which are
expensive, difficult to maintain and rarely sustainable in community based GWSS.
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Q HEALTH ASPECTS

2.1 GENERAL REMARKS

As mentioned in the introduction to this manual, the need of water is common to all
living things. Water was always considered to be very important for human beings
but its importance to health is a more recent realization. During the last hundred
years or so it was discovered that inadequate or contaminated water is an
important reason for the spread of water-related diseases.

2.2 WATER RELATED DISEASES

Water-related diseases can be listed as follows:

- Water-borne diseases occur when a pathogen in water is drunk by a person who then
becomes infected. Typical diseases are cholera and typhoid but also others such as
infectious hepatitis, diarrhoea and dysentery.

- Water-washed diseases are directly related to domestic and personal hygiene and can be
drastically reduced if ample water were available for washing and hygiene. Scabies, tropical
ulcers and infantile diarrhoea are examples.

- Water-based diseases are parasitic diseases, where the organism causing the sickness
spends a part of its life cycle in an aquatic host, for example guinea worm or bilharzia
(schistosomiasis).

- Insect-vector diseases are those which are spread by insects that breed in water, for
example malaria, dengue, filaria.

Water-borne and water-based diseases can be drastically reduced by
providing clean and safe drinking water.

Water-washed diseases can be prevented by providing sufficient water for
domestic hygiene and personal washing.

Insect-vector diseases cannot be directly affected by the construction of a GWSS,
but there can be indirect effects like the cleaning up of infected areas around
traditional water holes.
Class two and three of the above diseases can also be reduced/prevented by
improved, safe disposal of excreta. Please refer to our manual "Construction of
Latrines in Rural Villages in Sri Lanka".

Obviously, a GWSS can only benefit its users if it is designed and constructed in a
way to protect the water from contamination, and to allow easy maintenance. The
technical details of properly designing a GWSS that will benefit its users are dealt
with in the following chapters of this manual.



HYDROLOGIC CYCLE

Hydrologic Cycle

In above drawing of the hydrologic cycle you can see the circulation of water in its
liquid or vapour state. We will concentrate on the parts of the hydrologic cycle that
are of importance to GWSS.

Some part of the rain falling to the earth evaporates. Some runs off in streams and
rivers. Some infiltrates the ground and is used by vegetation or sinks below root
level through porous soil until it reaches an impermeable layer. Under the force of
gravity, the water finds its way downhill along the impermeable formation until it
either emerges as springs or returns to the sea. It is this occurrence of springs
that is of importance to the designer of a GWSS.
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Below there is another drawing which illustrates the occurrence of springs:

PERMANENT SPRING
(YIELDS WATER
ALL YEAR ROUND)

GROUND VEGETATION PRE-
VENTS QUICK RUN-OFF OF
SURFACE WATER & ALLOWS
WATER TO SEEP INTO GROUND
(INFILTRATION)

WET SEASON SPRING
(DRIES UP DURING DRY SEASON
WHEN WATER TABLE SINKS
LOWER THAN SPRING)

(Water cannot seep down through impervious layers
such as rock or clay)

Hydrologic Diagram of a Spring

It is important to realize that the water table can vary drastically during the year. It
will be much higher during or just after the rainy season than during the dry season.
It is, therefore, of utmost importance to observe a spring for at least one year
before you decide on its use as the source of a GWSS. See more about springs
in chapter 4.2 Springs.
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0 WATER SOURCES

4.1 GROUND WATER
The water which, under the force of gravity, flows downhill along an underground
impermeable layer, is called ground water. As ground water flows through the
aquifer (water bearing layer) there is a continuous filtering process going on. Most of
the suspended particles will be removed and even bacterial pathogenes will be
eliminated after a certain distance, generally less than 30 m.

Ground water can only be used for a GWSS when it appears in a spring. Otherwise it
has to be extracted from the aquifer through a well.

4.2 SPRINGS
A place where ground water seeps to the surface without artificial help is called a
spring. The flow of a spring is generally less than two litres per second but can be
much bigger in rare cases. The flow of a spring depends on:

- Intake area (does not necessarily correspond with the topographical basin)

- Annual rainfall

- Percolation rate of water through the aquifer

- Storage capacity of aquifer

- Thickness of stratum which covers the aquifer

The flow of springs can vary quite substantially during the year. They tend to lag
behind the seasonal rainfall patterns. Sometimes a spring is not a real spring but just
water of a small stream that went underground for a short distance and is re-
emerging. Obviously, such a "spring" should not be tapped for a GWSS. But usually,
spring water, due to the filtration process in the aquifer, is free of pathogenes and is
an ideal source of water for a GWSS.

4.3 STREAMS
Generally, streams are not safe sources for drinking water. It should be considered
only when there is no other source available to meet the demand and the water is
safe (treatment might be required).

4.4 QUALITY OF WATER
A GWSS will only benefit its users when the delivered water is safe for drinking. That
means it must not contain any pathogenes which could be a risk to health. The World
Health Organisation (WHO) has studied problems related to standards for drinking
water and published various recommendations. Moreover, the National Water Supply
and Drainage Board (NWSDB) of Sri Lanka has also published a standard for
drinking water.
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However, it is beyond the means of most rural villages to meet all demands
regarding above mentioned standards for the quality of drinking water. We do not
want to go too much into the details of these standards but we would like to make
some basic remarks towards the quality of water used in GWSS. One has to
distinguish between bacteriological and chemical standards.

- Bacteriological Standard: Water should not contain any harmful organisms. The presence
of conforms in water is used as an indicator that the water is contaminated with faecal
material.

- Chemical Standards: These standards usually only apply for treated waters. However,
attention has to be given to some toxic chemical substances contained in untreated water
(e.g. remainder of agro-chemicals). Moreover, water that is safe for drinking can be very
aggressive towards iron and cement (therefore our recommendation to use PVC instead
of steel pipes).

The local population in rural villages in Sri Lanka usually knows through experience
whether the water of a particular source is drinkable or not. If there are any doubts
about the quality of the water you want to use for a GWSS, have it tested in one of
the existing laboratories in Sri Lanka. Remember that the test samples have to reach
the laboratory within a few hours, that they have to be protected from sunlight and
kept cool. It is not advisable to test the water on your own with a test-kit.

For further reading please refer to the references in the Appendix to this manual.

Water Treatment

For the time being, there is no practical water treatment system which could be
broadly used in rural villages in Sri Lanka. Even slow sand filters, of which a few are
installed in Sri Lanka, require regular maintenance, which is beyond the means of
most rural communities. Thus emphasis must be put on locating the cleanliest
possible source of drinking water and an adequate protection of such a source. For
further reading about water treatment, please refer to the references.
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0 HYDRAULICS

5.1 GENERAL REMARKS

On the following pages we will discuss the basic hydraulic principles of pipeline
design. It will not be an in-depth analysis of hydraulics; fundamental theories, like the
Equation on Continuity or Bernoulli's Equation will not be covered. Please refer to the
references and bibliography in the Appendix to this manual for further reading if you
want to study hydraulics in greater depth.

The basic principles of pipeline design have been presented in such a way as to be
understood by a person who has never been taught hydraulics. Nevertheless, as a
user of this manual, please do not go further before you really understand the
following basic principles of hydraulics.

5.2 ENERGY

Whenever water is moved, uphill, downhill or horizontally, it requires energy. This
energy can be provided by a pump for example, or, in gravity-fed water supply
schemes, by gravitational energy which is determined by the relative elevation of all
points in a water system. For a given system, there is only a fixed, specific
quantity of gravitational energy available. As water flows through pipes, fittings,
tanks etc. some energy is lost to the system, dissipated by friction. A well designed
GWSS preserves energy and allows to move the desired quantity of water through
the pipelines.

5.3 MEASURE OF ENERGY IN A WATER SYSTEM

Pressure is defined as the force that a quantity of gas or liquid has on any surface it
touches. It is measured by the amount of force that is exerted over a particular area.
In our case we are interested in the pressure of a column of water. But first we have
to clarify the measures and units used (according to the international metric system):

A = Area, measured in sq. millimetres [mm2], sq. centimetres [cm2]
or sq. metres [m2]

m
F = Force, is the effect of gravitation (g = 9.81 -*-) on mass (kg),

therefore: $
m kg x m

Force = m x g = 1 kg x 9.81 - , = 9.81 = 9.81 N,
s^ s^

measured in Newtons [N] or kilo-Newtons [kN], For prac-
tical use, 1 kg is considered to be equal to 10 N, or
1000 kg = 1 to is considered to be equal to 10 kN.

P = Pressure, measured in Newtons per sq. millimetre [ ,
kilo-Newtons per sq. metre [kN/m2] or Pascal [Pa] resp.
kilo-Pascal [kPa].

1 N/m2 = 1 Pa (= 0.1 kg/m2 or 1 x 10-5 kg/cm2)
1 kN/m2 = 1 kPa (= 100 kg/m2 or 1 x 10-2 kg/cm2)
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Pascals are also used to classify PVC pipes. The expression ISO Type 1000
means: pipes conferring to the International Standard Organisation and
withstanding a pressure of 1000 kPa.

The pressure a column of water exerts over a particular area depends only on the
height of the column but not on the geometric shape of the column.The general
formula is:

o
o

F = m xg
= 1 N

Area = 100 mm2

p =_E =_J_ = 0.01 N/mm2 = 10 KPA
A 100

As it is rather laborious repeatedly to calculate the water pressures, in hydraulic
work another, much easier, practice was introduced:
The height of a water column is called head and represents the amount of
gravitational energy contained in the water of the column. It is measured in
metres.
In the above example, instead of calculating a pressure of 0.01 N/mm2 or
10 kPa, we can simply say, that there is one metre of head. Similarly a pressure of
1000kPa is reported to as 100m of head.

Comparison of different measures for pressure:

1 Pa

1 N/mm2

1 m of head

1 kg/cn2

Pa

1

1 x10 6

= 1 x 104

= 1 x10 5

N/mm2

1 x10-6

1

= 1 x10-2

= 0.1

m of head

= 1 x10-4

= 100

l

10

kg/cm2

= 1 x10-5

= 10

0.1

1

The = - symbol is used because the earth's gravity, expressed by the factor
g, is not exactly 10 but 9.81 m/s2.
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5.4 FLUID STATICS

The water pressure at a particular depth is directly related to the vertical
distance from that depth to the level of the surface and is not affected by any
horizontal distance.

If small tubes were inserted into a pipeline, as shown in the drawing below, the water
level in each tube would rise exactly to the level of the water surface in the tank or to
the static level. The pressure at the bottom of this tube is called the static head.

Level of Water Surface in Tank

ill

I
"55
fX

Static

Valve closed

Point

Static Head [m]

A

10

B

19

C

32
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5.5 FLUID DYNAMICS

If the valve at point C is opened partially (and the tank refilled so that the static level
remains constant) the water levels in the tubes will change according to the drawing
below:

CO

LU

>

a>
IX

.2

LU

0)

re

LU

a>

Level of Water Surface in Tank

10

Large Flow

Static

Level of Water Surface in Tank

Level of Water Surface in Tank

CD

1
111
O
E
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The water level in the tubes forms a new line for each flow. For a constant flow, the
line formed will remain steady. The system is in a dynamic equilibrium. The line
formed by the water level in the tubes is called the hydraulic grade line or HGL. The
hydraulic grade line represents the energy levels at each point along the pipeline. For
any constant flow there is a specific HGL. The vertical distance between the
pipeline and the HGL is the measure of pressure head, as given in the above
drawings in point C.

5.6 FRICTION

As water flows through pipes, fittings, tanks, etc. some energy is lost to the system,
dissipated by friction. Any obstruction to the flow causes frictional loss of energy. The
amount of energy lost depends on two major factors. There are many other, minor
factors, but for our purpose it is enough to mention just the two major factors:

- Velocity of flow

- Roughness of pipes, fittings, etc.

Generally one can say that frictional losses are:

- Directly proportional to the length of the pipeline

- Directly proportional to the roughness of the pipe's interior
surface

- Approx. proportional to the square of velocity or flow

While designing a water system, it is important to know how much energy (or head)
will be lost to friction at any point of the system. The easiest method to calculate the
frictional headloss is to make use of the frictional headloss tables. These tables
show the amount of frictional headloss per unit length of pipe, for a specific flow.

Flow: Quantity of water that moves through
a pipeline within one second (l/s).

The headloss tables express the loss as metres of headloss per 100 metres of pipe
length or as m/100 m or %. Such a headloss table is included in the Appendix to this
manual (Form K). Remember that there are different headloss tables for different
materials depending on the roughness of these materials (e.g. asbestos cement,
PVC, Gl, etc.)

The frictional headloss of flows through fittings such as elbows, reducers,tees, etc. are
given as equivalent pipelengths. That means the headlosses are calculated by
taking into consideration an equivalent pipe length that creates the same amount of
frictional headloss. For fittings this is commonly given as L/D Ratio (length/diameter
ratio). Below a few examples of L/D ratio:
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Fitting

Tea

Elbow

Union

run - side

run - run

single

double, same direction

double, opposite direction

double, three dimensional

Gate valve (fully open)

Screened entrance

Free entrance

Reduction

LVD Ration

68

27

33

66

132

99

7

7

150

29

15

Example: What is the equivalent pipe length of a 32 mm elbow (single)?
L/D Ration = 33 : 33 x 32 = 1.056 mm = 1.06 m

Generally, the headloss of fittings is very small compared with the headloss in a long
pipeline. Therefore, unless several fittings are installed close together, the headloss of
fittings can be neglected when the pipe length is more than 1000 diameters, e.g.
more than 20 metres for a 20 mm pipe, etc.
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COMPONENTS OF A GWSS

6.1 GENERAL REMARKS

On the following pages we will introduce you to the components of a gravity water
supply scheme. Each component will be explained briefly and there will be references
to the chapters where you can find more details about the particular component.
Below you will first find a schematic drawing of a GWSS with all its components:

Storage Tank 1

Break Pressure

Tank Distribution Chamber

Silt box

Source Line

V /
Supply Line

to Storage Tank 2

6.2 INTAKE

6.2.1 SPRING CATCHMENT

As explained in chapter 4.2 Springs, a place where ground water seeps to the surface
is called a spring. The flow of a spring has to be tapped and the structure of tapping is
called spring catchment. A spring catchment is the heart of a GWSS and therefore
utmost care has to be taken while designing and constructing the catchment. Due to
the uniqueness of each source, there will never be a standard design for a catchment
that can be built for every system. However, there are some standard design features
which have to be considered before designing a particular catchment. Please refer to
the second part of this manual, chapter 2 Spring Catchment for more details.

It is obvious, that the catchment area has to be protected to prevent a spring from
becoming polluted. The area just above and upstream of the catchment needs
particular care. The size of the protection zone depends on the thickness and nature
of the covering stratum. In any case, the radius of the protected area must not be
smaller than 10 m. Within this area no farming, no domestic animal grazing, no
rubbish pits, etc. are allowed. The area just above the catchment should be planted
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with grass and outside of a radius of about 10 m the protection zone should be
afforested. It is advisable to insist that the protection zone is fenced and protected
just after the completion of the catchment and before any other works are started.

There is one more important point to be kept in mind when talking about a spring as
a source for a GWSS: w a t e r r i g h t s . Before any works are started, the water
rights of those people dependent upon the water of the new GWSS spring have to be
settled first.

6.2.2 STREAM INTAKE

As mentioned in chapter 4.3 Streams, water from streams or rivulets is generally not
safe for drinking. Nevertheless, sometimes there is no other source available and a
stream intake has to be constructed. It is outside the immediate scope of this
manual to deal in detail with stream intakes. In case you want to know more about
this topic please refer to the references given in the Appendix to this manual.

6.3 SEDIMENTATION CHAMBER / SILT BOX

Water from large springs contains suspended particles. Such particles should be
removed by allowing the water to sit quietly for a certain time in a sedimentation
chamber or silt box. Such a silt box should be built as close to the catchment of the
spring as possible. Very often the silt box can also serve as a collection chamber. If
more than one source is tapped, each source should have its own pipeline to the silt
box/collection chamber for inspection purposes. Small particles need some time to
sink downwards under the influence of gravity. A settling period of 20 minutes will
allow fine silts and larger particles to settle in the silt box. We therefore recommend:
detention time = 20 minutes. The detention time is the period of time the water
spends in the silt box.

For more details please refer to 7.9.1 Sedimentation Chamber/Silt Box.

6.4 BREAK PRESSURE TANK (BPT)

If the differences in elevation cause too high a static pressure in a pipeline, Break
Pressure Tanks have to be constructed. Please refer to 7.10.2 Pressure Head in
Pipes for permissible pressure heads. Break Pressure Tanks permit the water to
discharge freely into the atmosphere thus reducing the static pressure head to zero.
Any tank with an open water surface (e.g. storage tank, silt box, distribution chamber,
etc.) acts as a BPT.
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6.5 STORAGE TANK

In most GWSS the yield of the sources is smaller than the peak demand at the taps.
Therefore a storage tank serves to store the surplus water during the night for use
during the day. Please refer to 7.9.3 Storage Tank. Before constructing a storage
tank consider the following points:

- A storage tank should be located as close to the standposts as possible.

- It is more economical to have a long pipeline before the storage tank (without any taps) than
to build a long distribution pipeline which is designed for the peak flow.

6.6 DISTRIBUTION CHAMBER

In medium and large GWSS it is necessary to divide the whole area of supply into
easily manageable sub-systems of about 1 0 - 1 5 taps each. That means, that the
water also has to be distributed accordingly. This can be arranged with the help of a
distribution chamber. Please refer to 7.9.2 Distribution Chamber.

6.7 VALVE BOX

The purpose of a valve box is to protect any kind of valves from undesirable
tampering by outsiders. Valve boxes can be attached to a particular structure or they
can be built separately along the pipeline.

6.8 PIPELINES

Pipes serve to distribute the water from the source to the individual users at a tap.
The hydraulic calculations of a system determine the sizes(diameters) of pipes. We
recommend the use of PVC pipes because in Sri Lanka the water is often very
aggressive towards iron and Gl pipes are therefore not recommended. It might be
necessary to protect PVC pipes sometimes with Gl pipes (e.g. in areas where pipes
can not be buried, to cross small gullies, etc.). Please refer to 7.8 Velocity of Flow in
Pipelines and 7.10 Design of Pipeline.

6.9 STANDPOSTS

The following is an abstract from the "Handbook of Gravity-Flow Water Systems" by
T.D. Jordan Jr.: The tapstands are the most frequently used component of the entire
system. No other structure will face more abuse than these, and no other structure
will have to fit in so closely with local, social and cultural needs.
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A tapstand is more than just a physical structure. It will become a new and important
gathering point of the village. Properly designed and built, the tapstand will be a
clean, attractive and inviting place. Poorly completed, it will be a dirty, muddy,
unhygienic eyesore.

Please refer to 7.5.2 Situation Survey and to 7.7 Flow at Standposts.

6.10 INSTALLATIONS

6.10.1 AIR VALVES / AIR RELEASE

When a pipeline is filled/refilled air will be trapped in certain areas. As pressure
builds up, these air pockets are compressed to smaller volumes. In the process,
some of the hydrostatic pressure of the system is absorbed by compressing these air
pockets. If too much energy is absorbed, the desired flow will not reach the
discharge point. Therefore, at all high points an air release (e.g. air valve,
standpipe, open pipe) has to be installed.

6.10.2 WASHOUTS

Suspended particles in the water tend to settle out at low points in the pipeline or
where the flow velocity is too small. Therefore at all low points a washout (plug,
valve, standpipe) has to be installed.

6.10.3 SECTIONAL VALVES

Sectional valves are installed for two different reasons:

- Parts of the supply system can be shut off for repair purposes

- Flow of water can be rationed in case of a severe drought or other problems which
necessitate water rationing.

Sectional valves on long main lines should be located at a distance of 2 to 3 km and
it is important to keep in mind that the shut off part of the pipeline can be ventilated
(e.g. by air valves or standpost) to avoid the build up of a vacuum.

On distribution lines, sectional valves should be installed so that they control three to
five standposts. Whenever possible a sectional valve has to be combined with an air
release or washout (sectional valve upstream).The installation of sectional valves in
distribution lines makes control valves at individual standposts superfluous. For
branch lines, sectional valves should be located at the branch-off.
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Q DESIGN GUIDELINES

7.1 GENERAL REMARKS

In this section you will find information on how to design a gravity water supply
scheme. The flow diagram on the next page will give you an idea of the design
process at a glance. References are given in the diagram to the particular chapters
where you can find the issues explained in detail and to the forms to be filled in for
certain activities. In exceptional cases,where the provisions of these guidelines will
not be sufficient to solve a specific problem, please consult an experienced engineer
or refer to the references and bibliography in the Appendix to this manual for further
reading.

7.2 SUMMARY OF DESIGN CRITERIA

- Design Period : 20 years

- Population Growth Rate : 1.24

- Water Demand : - Rural Villages: 45 liters per person and day
(30 liters in exceptional cases)

- Schools: 6 liters per student and day

- Peak Demand Factor: 3.75

- Number of People per Standpost: max. 150 (future population)

- Flow of Standposts : 0.1 l/s if 0 - 80 users per tap

0.2 l/s if 80-150 users per tap

- Roughness of PVC Pipes : k = 0.01 mm (used to calculate the friction loss table)

- Maximum Hydrostatic Pressure (PVC Pipes ISO 1000):

100 m in main lines (no taps)
60 m in distribution lines

- Residual Head: - at Standposts: ideal 5 -10 m

acceptable 10-15 m

- BPT, Storage Tanks: 10 - 20 m

- Flow Velocities : Maximum v = 3.0 m/s
Minimum v = 0.5 m/s
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7.3 FLOW CHART OF DESIGN PROCEDURES

Project not feasible
Further Evaluations
required

Require-
ments fuHBted?

Ref. 7.4

i Situation Plan (1st version)

1
ASSUME

Pressure Limits in Pipes

• Main Lines: 100 m
- Distr. Lines: 60 m

I
I1

Taps
| - Sedimentation Chamber

- BPT(s)
- Storage Tank (s)
- Distribution Chamber (s)
- Valve Chamber (*)
- Alignment of Pipeline (s)
- etc

Ret. 7.4

Ref. 7.5
7.5.1
7.5.2

Ref. 7.5.2

Ref. 7.5.2

Ref. 7.10.2.1

Ref. 7.5.3
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Pop. Growth Rate = 1.07%
Pop. Growth Factor a t.24
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Project to be
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lap Flow Rates: 0.10 1/5 or
:|::. • '-0,20 1/5

Flowdlagram on Form H

Ref. 7.5.3

Ref. 7.6
7.6.1
7.6.2
7.6.3

Ref. 7.6.4

Ref.7.6.5

Ref. 7.6.6

Ref. 7.7

Ref. 7.9.1



CALCULATE

Volume of Sedim. Chamber

FormG

Standard Drawing (Sitt Box)

T
CALCULATE

Distribution Ratio

FormG

Standard Drawing (Distribution
Chamber)

Maximum Flow through Outlet

Increase 0 of
Outlet Pipe

CALCULATE

Volume of Storage Tank

FormH

Standard Drawing (Storage Tank)

|M£[M|»1:

BPT with/without Ball Valve

Standard Drawing (BPT)

T
ASSUME

Residual Heads

• Standard: Ideal 5 - 1 0 m
accept 10-15 m

- BPT etc:

Ref. 7.9.1

Ref. 7.9.2

Ref. 7.9.2

Ref. 7.9.3

Ref. 7.9.4

Ref. 7.10.2.2
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CALCULATE

Hydraulic Calculation of
Pipelines

Form!

Standard Drawing (Silt Box)

Residual Heads

Change a of Pipe
Install Orifice
Change Location

CALCULATE

Quantities of Materials

Ref. 7.10. ff

Situation Plan (final version)

Pipe Schedule

Cost Estimate / Project Proposal
Proposal

Ref. 7.10.2.2

Ref. 7.11

Ref. 7.11
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Drawings



7.4 PRELIMINARY SURVEY

Once a request for a GWSS is received from a village a first technical survey has to
be done. Such a survey is called preliminary survey or feasibility study and
should provide enough information to judge whether a GWSS is feasible for the
concerned village. Form A (see Appendix) has to be filled in very carefully together
with the villagers.
The altitudes of possible sources and of the consumers have to be measured (with a
pocket altimeter). Do not forget to draw a sketch of the area.Together with the
villagers all possible springs have to be measured. These spring measurements
have to be entered into Form B. Insist that a spring is measured at least once a
week over a period of one year. Most springs can be measured with spout, bucket
and watch. Insist in using always the same bucket and enter its measurements into
Form B.

7.5 TOPOGRAPHIC SURVEY

7.5.1 GENERAL REMARKS

The topographic survey can be divided into two parts. First a situation survey has to
be done and then a hydraulic survey. The situation survey should allow you to draw a
situation plan and the hydraulic survey enables you to calculate and design the
whole water system. Instead of explaining all the necessary surveying instruments
and the procedures of the surveys in detail we rather recommend an inexperienced
surveyor to do one or two surveys together with an experienced surveyor. This on
the job training will have a much greater impact and an experienced surveyor can
give you many practical hints and prevent you from making annoying mistakes.
After completion of a survey, before you leave the village, be sure that you took all
the necessary readings and that you got all the information you need. It is very
frustrating to notice too late, that just a few readings are missing.

7.5.2 SITUATION SURVEY

To carry out a situation survey you need a bearing compass and a tape. The data of
this survey will be used to draw up the situation plan which should contain the
following information:

- Roads, railway tracks, foot paths

- Rivers, streams, lakes, tanks

- Paddy fields, tea land, forests, cliffs, etc.

- Houses and important buildings such as schools, temples, churches,ambalams, hospitals,
post offices, community halls, etc.

- Water sources like springs, wells, etc.

Fill in Form C. While surveying the village it is necessary to maintain a sketch which
corresponds with the entries into Form C.
Always try to close a survey. That means to tie the survey into two reference points
of known elevations. In rural villages in Sri Lanka it will not be possible to find two
points of known elevation. Therefore, each stretch of the survey has to be measured
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twice not necessarily along the same route. Each elevation or location can then be
calculated by using the average of two readings.
Once all necessary data are collected the situation plan can be drawn up in an
appropriate scale:

- 1 : 2'500 for small villages

- 1 : 5'000 for medium villages

- 1:10'000 for large villages

To verify the situation plan, the surveyor should go to the village again and add all
missing information. At the same time he can discuss the locations of the standposts
with the villagers. It is important that the villagers themselves select the location
of stand posts:

- Nearest tap should be within 150m of any dwelling

- Not more than 150 people (future population) served by one tap

- Separate taps for public institutions (e.g. schools, temples, etc.

- The access to a tap has to be guaranteed to all users (in writing)

7.5.3 HYDRAULIC SURVEY

Once the situation plan is completed the surveyor has to decide upon the layout of
the GWSS in close discussions with the villagers. That means they have to discuss
the location of:

- Silt box
- Storage tanks
- Break pressure tanks
- Standposts
- Alignment of pipeline etc.

The hydraulic survey is carried out with the help of a clinometer (abney level),
bearing compass and a tape. A box altimeter can be used to measure first the
elevation of all impciLa'it structures of a GWSS. These levels can then be cross
checked with the c i : ometer readings. A levelling instrument is generally not
required. But in cases where the differences in elevation are very small, it might be
advisable to check the elevations with a levelling instrument to get more accurate
readings.

Take your time with a survey, never do it in a haste.

Try to include as many cross checks as possible. Always reflect on your readings
and check quickly whether they can be correct. Try to guess before you take a
reading how much it could be. This prevents you from making mistakes with + or -
signs. A surveyor should make use of as many reference points as possible. It
helps you to re-survey a certain part later on.Reference points have to be permanent
(e.g. rock outcrops). Mark them with colour (e.g. nail polish). Fill in Form D and make
liberal use of the Remarks column.
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7.6 FUTURE DESIGN DEMAND

7.6.1 DESIGN PERIOD

Experiences, also in other countries, show that a life span of 15 - 20 years for a
GWSS can reasonably be expected. We, therefore, assume the design period as 20
Years.

7.6.2 POPULATION GROWTH RATE

According to official statistics the rate of population growth has been as follows:

1963-1978
1971 - 1981
1981 - 1990
1990

2.8 %
1.7 %
1.4 %
1.1 % (estimated)

The medium growth rate for time being can be assumed as 1.07 %. This figure also
coincides with the findings of Cowater international, Inc. in their District Development
Plans, Volume 1, Summary, page 1.

7.6.3 POPULATION GROWTH FACTOR

To be able to calculate the future population we have to multiply the present
population with the population growth factor for twenty years:

Growth Rate 1.07
Growth Factor = (1 + " ) 20 = (1 + ) 20 = 1.24

" " - 100 100 ^~

7.6.4 WATER DEMAND

Many different surveys of the consumption of water show that the average
consumption is 25 - 70 litres per capita per day. According to the recommendations
of WHO we decided upon the following figures:

Rural Village : 45 l/c xd\n exceptional cases: 30 l/c x d

Schools : 6 I/day and student

Included in above figures is a certain amount of water that is lost for various reasons
(leakages, spillage, illegal use, etc.). Such losses depend on various factors (e.g.
construction quality, operation and maintenance, pressure in pipes, etc.) and are
estimated to be between 20 - 30 Percent.

7.6.5 AVAILABLE WATER

The yield of all the water sources during the dry season has to cover the future
water demand of the population. There will always be some leakage or the spring
catchment does not trap all the available water. Overall losses will be about 10 %.
Therefore the yield in the dry season has to be multiplied with a safety factor of 0.0 to
determine the safe yield.
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7.6.6 FEASIBILITY OF PROJECT

Form E has to be filled in to see whether a GWSS is feasible or not. The amount of
water available has to be bigger than the future design demand.In case it is smaller,
the size of the project area has to be reduced or additional sources (even far away)
have to be used.
In exceptional cases, it is possible to reduce the daily water demand from 45 l/c x d
to 30 l/c x d. This decision has to be discussed with the villagers and they will have to
take care that as little water as possible is wasted.

7.7 FLOW AT STANDPOSTS

If we want to get the design flow of each standpost we have to divide the future water
demand by 86400 seconds (24 x 3600) and we will get the average flow. This
average flow does not represent the actual flow needed at a tap because there will
be "p e a k s " i n the consumption of water. The peak flow factor shows the relation
between such peak demands and the average demand:

Peak Flow
Peak Flow Factor =

Average Flow

Basically the peak flow factor determines how quickly a water container can be filled.
The higher the peak flow factor, the quicker a vessel will be filled. On the other hand,
the higher the peak flow factor, the bigger the diameter of the pipes and the bigger
the spillage of water. Therefore, a reasonable peak flow factor can be assumed as
3.75. This peak flow factor has to be multiplied with the average flow and you will get
the peak flow for each individual tap. This procedure proved to be laborious and the
practical experience in the field showed that the accuracy of such a time consuming
calculation procedure is not really justified. Therefore, tap flow rates were
introduced.

Users per Tap

0 - 80

80 - 150

Tap Flow Rate

0.10 l/s

0.20 l/s

Note: Users per Tap means the future number of users of one tap.

It can be argued that not all taps along the same branch line will be open at the same
time and therefore the flow rates for a system could be reduced. However,
experiences in the field, not only in Sri Lanka, showed that it is necessary to add up
all tap flow rates, without reduction, to get the total flow of a branch line or of a
system. Fill in Form Flo determine the flow rate at each tap. Additionally you also
have to determine from which storage tank the different taps get their water and thus
calculate the number of people and/or pupils to be served by a particular storage
tank.
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With the figures of Form F you can draw the Flowdiagram on Form H. Such a
flowdiagram is a simplified situation plan of the whole system. For very large systems
it might be necessary to draw flowdiagrams for each branch line separately.
Below you find an example of a simple flowdiagram:

from source
T7 0.35

T1

7.8 VELOCITY OF FLOW IN PIPELINES

The velocity of flow in a pipeline has to be considered as well. Too great a velocity
can cause excessive erosion of the pipe or increase the risk of the occurrence of
water hammers when a valve is closed suddenly. On the other hand, too small a
velocity can cause settlements of suspended particles at low points in the pipeline.
Therefore, the recommended velocity limits are:

Maximum : v = 3.0 m/s

Minimum: v = 0.5 m/s

The table below gives the corresponding minimum and maximum flows (l/s) for
various PVC pipe sizes (nominal sizes in mm):

Max. Q =

Min. Q =

20

.76

.13

25

1.14

.19

32

1.85

.31

40

2.89

.48

50

4.56

.76

63

7.13

1.19

75

9.95

1.66

90

14.71

2.45
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7.9 CALCULATION OF THE SIZE OF STRUCTURES

7.9.1 SEDIMENTATION CHAMBER / SILT BOX

As mentioned in chapter 6.3 Sedimentation Chamber/Silt box the detention time in
a silt box is 20 minutes. During this time most of the suspended particles can sink
down and settle on the bottom of the silt box.
The capacity of a silt box can be calculated with the following formula:

c > QxT where: C = Capacity in litres
Q = Total maximum yield
T = Detention time in seconds

(20 minutes = 1200 seconds)

The flow used to calculate the capacity of the silt box is the total maximum yield of
the spring(s).

Please refer to the Appendix to this manual for the standard drawings of
sedimentation chambers/siltboxes.

7.9.2 DISTRIBUTION CHAMBER

In case a GWSS needs more than one storage tank it is necessary somehow to
distribute the available water coming from the catchment(s) through the supply line in
a distribution chamber located before the storage tanks.There are several designs of
distribution chambers. An easy and inexpensive way is the construction of a
chamber with a baffle plate. The plate is dividing the chamber into two sections, one
for the inlet from the catchment(s) and one for the outlets to the storage tanks. The
water in the first chamber is flowing under the baffle plate into the second chamber
where it flows through the open ends of PVC elbows fixed to the outlet pipes. The
PVC elbows should all be on the same level and in size direct proportional to the
distribution ratio. If necessary, orifices can be used for fine adjustments.

After fixing the elbows and orifices, the actual flow of water into the storage tanks
should be measured and fine adjustments be made at the orifices till the actual and
the desired distribution ratios are equal.

inlet

baffle plate

elbow

PVC pipes according to hydraulic
calculations; reductions might be
necessary after distribution line.

outlets; 0 of pipes/elbows
according to distribution
ratio.

washout / overflow

Please refer to the standard drawing for distribution chambers in the Appendix to
this manual for more details.
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7.9.3 STORAGE TANK

As explained in chapter 6.5 Storage Tanks the demand during peak times is very
often bigger than the yield of the source. A storage tank serves to store water during
periods of low demand for use during periods of high demand. Below you can see a
typical demand pattern of a rural village in Sri Lanka:

Time Period

05.30 - 08.30

08.30-11.30

11.30-13.30

13.30-16.00

16.00-19.00

19.00-05.30

Hours

3.0

3.0

2.0

2.5

3.0

10.50

% of Daily Demand

30%

10%

15%

10%

3 0 %

5%

The location of a storage tank has to be considered very carefully. They should be
located as far down the system as possible. A few small storage tanks are usually
preferable to one large tank. To determine the size of a storage tank, the supply has
to be compared with the daily demand. Such a comparison shows the deficit in
supply during the day time. The storage capacity has to cover at least this deficit.
Use Form H to calculate the minimum volume of a storage tank. Compare the
calculated minimum volume with the volume of the standardized storage tanks in
the Appendix to this manual and select the appropriate storage tank design!

7.9.4 BREAK PRESSURE TANK (BPT)

As explained in chapter 6.4 Break Pressure Tank a BPT reduces the static pressure
to zero and establishes a new static level. In chapter 7.10.2.1 Static Pressure Head
the maximum static pressure heads are given:

Main Line:

Distribution Line:

100 m

60 m

Under the condition that PVC pipes
ISO 1000 are used!

Sometimes it is necessary to install a ball valve (float valve) at the inlet to the BPT
(e.g. when there are standposts joined directly to the main line). However, it is
always preferable not to have standposts on a main line. Please refer to the
Appendix to this manual for the standard design drawings ofBPTs.
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7.10 DESIGN OF PIPELINE

7.10.1 TYPES OF PIPELINE

We can distinguish between three types of pipelines:

- Source Line: They deliver the water from the catchment to the silt box/ collection chamber.
Each source should have its own pipeline. The minimum slope required is 2 %. The
diameter depends on the maximum yield of the spring, but should not be smaller than
50mm (outside diameter). It is advisable to install a second source line a little bit higher than
the first one, so that the caretaker can easily detect when the first line gets blocked.

- Main Line (without any taps). They link the different tanks, boxes and chambers with each
other, but do not distribute water to the taps.Therefore, they can be designed for a
continuous 24 hours average flow.

- Distribution Lines: They transport the water to the different standposts. They have to be
designed for the peak flow.

7.10.2 PRESSURE HEAD IN PIPES

7.10.2.1 Static Pressure Head

As explained in chapter 5.4 Fluid Statics the static pressure head is equal to the
vertical distance between a particular point in the pipeline and the surface of the
water at the open end of the pipeline, e.g. storage tank, BPT, etc. In distribution lines
there is a continuous change of flow caused by the opening and closing of taps.
These changes of flow rate can create pressure waves, and if there is an abrupt
change of flow, e.g. a sudden closure of a tap or valve, a water hammer can
develop. Therefore there are different max. pressure heads for main lines and
distribution lines:

Main Line

Distribution Line

Maximum Static Pressure Head

100 m

60 m

under the condition that PVC pipes ISO 1000 are used.

7.10.2.2 Residual Head (Dynamic Pressure Head)

Residual Head is the amount of energy remaining in a pipeline when the desired
flow has reached the standpost. A designer of a GWSS has to fully understand the
significance of residual head at standposts, storage tanks and break pressure tanks.
The following examples should help to get this understanding.

Natural Flow: The natural flow of a pipeline is the absolute maximum flow that
can be moved through a particular pipeline by gravity; the residual
head will be zero.
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Example:

Static Level

What is the natural flow through the
pipe-line shown in the sketch on the
left when:

H = 50 m
L = 475 m

PVC pipe a 32 mm

50
Solution: Friction loss factor = = 0.1053 = 10.53 %

475

Friction loss table : for friction loss factor = 10.53 % and
pipe diameter = 32 mm

- * * Q = 0.96 l/s

Static Level Positive Residual Head:

There is an excess of
gravitational energy; there is
enough energy to move an
even greater flow through the
pipeline. If the flow is allowed to
discharge freely, it will increase,
thus increasing also the
frictional head loss until there
will be natural flow.

Static Level

Negative Residual Head:

There is not enough
gravitational energy to move
the desired quantity of water.
Therefore, the desired quantity
will not flow.The HGL has to be
re-plotted using a smaller flow
and/or a larger pipe size.
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Limits of Residual Head:

Sometimes, while plotting the HGL you
discover that, due to the topography, the
HGL will go "underground". See drawing. Sma"Pipe Size

The pressure in the area where the HGL is
"underground" is a negative pressure and
there is a risk of sucking polluted liquids
into the pipeline via leaky joints. Such a
design is unacceptable!

Static Level

Static Level

The HGL should generally be not less
than 10 m above ground level; but never
fall less than 5 m above the ground!

By changing the size of the pipe you can
keep the HGL minimally 10 m above the
ground.

Large Pipe Size

H = min. 5m
Pipe Size

On the other hand, too big a residual head at standposts increases wear and tear on
valves and tends to increase water spillage. Therefore, the following residual heads
are recommended.

Standposts:

- BPT and storage tanks:

ideal
acceptable

5 to 10 m
10 to 15 m

10 to 20 m

Above figures include a certain safety against inaccuracies of the topographic
survey.
There may be standposts where the residual head is excessively high. In such a
case it is necessary to install a device which causes a high frictional loss in a short
length of pipeline. Such a device is called orifice and a possible design is shown in
the drawing below:

. PVC SOCKET
/ PVC PIPEI / Do = diameter of orifice

ND = nominal diameter of pipe

Di = inner diameter of pipe

ORIFICE PLATE (BRASS)
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The headloss through an orifice depends on the pipe diameter, the size of the orifice
and the flow in the pipe. The general formula looks like this:

Q = C x A x V 2 x g x H where: Q = Flow
C = Coefficient of orifice
A = cross-sectional area of orifice
g = Gravitational acceleration =

9.81 m/s2
H = Headloss through orifice

The coefficient of orifice for the above shown type is approximately 0.6.

H =
C2 x A2 x 2 x g A2 x 0.62 x 2 x 9.81 A2 x 7.06

Headloss through Orifice:

Orifice diameter
[mm]

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6,0

Headlc

Flow = 0.1 l/s

58.8

28.3

15.3

9.0

5.6

3.7

2.5

1.8

)SS [m]

Flow = 0.2 l/s

235.0

113.3

61.2

35.9

22.4

14.7

10.0

7.1
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7.10.3 HINTS ON PIPELINE DESIGN

Below you find some drawings with correct/wrong pipeline designs:

correct:

j~ hydraulic gradient

at least 5m

hydraulic gradient

diameter

wrong:

hydraulic gradient

less than 5m

critical point

7.10.4 PIPE COMBINATIONS

When designing a pipeline, it is sometimes impossible to select one pipe size which
gives the desired frictional headloss. In such cases, a combination of pipe sizes is
used.

-36-



L = total pipelength
X = small-size pipelength
L-X = large-size pipelength
H = Total desired headloss

H = H s + HL , H s = Fs x
100

F s x
X

100

L-X
+ FLx

100

FS
FL
HS
HL

H, = F, x

Friction factor of small pipe in %
Friction factor of large pipe in %
Headloss of small pipe
Headloss of large pipe

L-X

100

100xH-(FLxL)

7.10.5 JOINING OF PIPELINES

In case two pipes have to be joined at a common point the residual heads of both
pipes have to be equal. Otherwise the pressure from one pipe will interfere with the
flow from the second pipe.
It is easiest to design one pipeline to the junction. Then the sizes of the other pipe
can be determined according to chapter 7.10.4 Pipe Combinations. From the junction
onwards you can continue with the total flow of both pipes.

Static Level Source 1

Source 1

Source 2
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7.11 DRAWINGS

As mentioned in the various preceding chapters some drawings are required to:

- Visualize the design of a GWSS.

- Enable an outsider to understand the design and to construct the GWSS accordingly.

- Help the designer in the designing process.

- Make checking of the design much easier.

- Show the design to any interested person.

Besides the various forms to be filled in, the following drawings should be compiled:

Situation Plan: - Roads, railway tracks, footpaths
(completed) - Rivers, streams, lakes, tanks

Paddy fields, tealand, forests, cliffs, etc.

Houses and buildings

Water sources like springs, wells, etc.

Pipe alignments (type, length and size can be shown in a separate
pipe schedule)

Structures like silt box, distribution chamber, storage tanks, BPTs,
standposts, valve chambers,sectional valves, air releases, wash outs,
etc.

Volume and elevation of above structures

Use the symbols shown in Form L to draw the situation plan. An example of a
header for a situation plan is given in Form M and an example of a pipe schedule is
included in the same Form M.
An example of a situation plan can be seen in chapter 8 Design Example.

- Flow Diagram : has to be drawn on Form H

- Hydraulic Profile : has to be drawn on Form J

- Recommended Scales : - Horizontal: 1 : 2'000, 1 : 5'000, 1 :10'000
- Vertical: 1 : 200, 1 : 500, 1 : 1'000

All the above drawings should be kept together with all calculations and forms in one
project file.

-38-



DESIGN EXAMPLE

8.1 GENERAL REMARKS
On the following pages you will find a detailed example of a design of a GWSS. We
assume that the preliminary and topographic surveys have been completed. This
means that the location of the structures has been decided upon and we can now
start with the calculation of the volumes of the structures and the pipeline design.
Please refer to the enclosed situation plan of GWSS (see following page) to get an
overview of the project.
The calculations in this example will follow the procedures given in the flow chart and
the explanations given in chapter 7 Design Guidelines.

8.2 FEASIBILITY OF PROJECT

Form E has to be filled in. As the
normal design period is 20 years, the
growth factor is 1.24. The demand is
45 l/d per inhabitant and 6 l/d per
student.

The project is feasible!

FEASIBILITY OF PROJECT
FORM E

Namsol Village: ,,.^.ViftSft3^)\?...

Division: ...&.swMk&5*»V*,,

District: ....^.*T?.4.a

Prepared by:.

Designation:

Date:

Water Dwnand:

Inhabitants

Students

Number

0)

516

Growth Factor
(2)

17-4-

Daily Consumption
in 1 (3)

45

6
Total Future Water Demand =

Demand (1/5)
= <1)«(2)«<3)

(1): Present Population
(2); 1,24 (lor 20 years)
(3): 45 l/c x d (30 1/c x d in exceptional cases)

Available Wat.r:

1 Spring 1

Max. Yield (l/s)(1) OAJS

Min. Yield (l/s)<2) 1 o-%%

Spring 2

o 13

Spring 3 Spring 4 Total Yield

O--B3
O-A-f

Explanations;
(1); Highest yield measured (refer to spring measurements)
(2); Lowest yield measured (refer to spring measurements)

Safety factor: 0.9
Total »af»yl»ld: 0.9 x Tot. Mm. Yield. 09. x O.:*7

Total aale yield per day: 0.9 x Tot. Mm. Yield x ee'400

0.9 x „!O .4.7 x 86'400

Fusibility: Check appropriate box :

{ ] Proled Fuslbls ; more water available than demanded

[ ] Project Not Feasible ; less water available than demanded
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8.3 FLOW RATE AT STANDPOSTS / TAPS

Form Fhas to be filled in.
The taps have to be assigned to the
storage tank from where they get
their water and then the number of
beneficiaries served by a particular
tap can be added up.

Plow at Standposts; Taps:

Tap
No.

1

•?

t
t

t

1

~.i
(f
t
i>
i'j
a

t

t..

;"

i

? . .

i

Total

Users

People

•++
....„„....

if
?2
9?
At>

31

Pupils

•M

Flow Rate

( ? • '
O l

O 1
0 1

CH

<?3
a-1
a'
O -1

UK
(>•?•

Sto

NO. I

,

4?
Q

a..

V
a.

age Tank

People

13

iW

IS?
1 7 7

Ss.'..
$3)

(2)

Pupils

Re

tf.f

marks
W

ve.te,
•eel

Explanations:

(1) ; Future users (present population x growth factor)
(2) : Mark from which storage tank the lap gets water and add up

the number of people or pupils per storage tank.
(3) : Flow rate according to the numberof users (0,1 or 0,2 l/s)
(4) ; Give specific details e.g. tap for school, temple etc

With above flow rates, the flowdiagram on Form H has to be drawn:

Source 1

T1
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Drawn by:

®ig® z3)s^
Surveved by:
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8.4 SEDIMENTATION CHAMBER / DISTRIBUTION RATIO

Form G has to be filled in.

Volume of Sedimentation Chamber / Silt Boi:

Flow (total maximum yield, see Form E):
Retention Time:
Capacity: C = Q x T =

0 - .....<?.:.SS n
T . V200S

x V200 - .../.'.<8<™. I

Select the correct sedimentation chamber / silt box Irom the standard drawing in the manual
Construction and Standardisation ot Gravity water Supply Schemes in Rural Villages in Sri Lanka.

Selected: Silt box with valve chamber (type A), volume = 1 '0001, standard
drawing no. S-03

Water Demand per Storage lank and Distribution Ratio:

The available water has to be
distributed between storage tank 1
and storage tank 2 in the ratio of
one to three.

Stor.
Tank
No.

t

z

3

N

People
(1)

/as

/-

o. ol Be

l/d
(2)

45

* 5

/

leticarles

Pupils
(3)

/

/

I'd

6

6

6

Dem*

Day
(5)

6235

/

ndper

Second
(6)

0-0353

/

Distr.
Factor

(7)

/

3

Flow to
Storage
Tank (8)

0 • /aS9

O -3/7J

Explanations:

(1): No, ot people
(2) : 45 l/d (30 l/d)
(3) : No, ot pupils
(4) , 6 l/d

(6) - (5) / 86'400
(7); Distribution tactor in comparison with

the other storage tanks
(8) - Total sale yield distr. according to (7)

8.5 DISTRIBUTION CHAMBER

As there are two storage tanks, the available water has to be split between these two
storage tanks. Therefore, a distribution chamber has to be constructed, preferably
very close to storage tank 1.

Selected: Distribution chamber, ratio 1:3, standard drawing no. C - 04.
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Voium* of Storage Tank:

8.6 STORAGE TANKS

Form H has to be filled in.

Volume of storage tank 1:

V > 2.7 m3

Volume of storage tank 2:

V > 8.0 m3

No. o l Storage Tank: /

Period

05.30 - 08.30
08 30-11.30
11 30 -13.30
13.30-16.00
16.00-19.00
19.00 - 05.30

In
0 .

Seconds

10'800
10'800

9'00Q
10-800
37'800

Daily Inlet - ..

Min. Storage Capacity = . . .3, ' .#

Tank is filled wilhin /O

et
I/a

(1) lit.

....asa....

«:/*/.
?p. t

D

30
10
15
10
30

5

Outlet
i/a

(2) lit.

..M.S..

Dltlerence

(3)

-./.."*».»....

%<a$5.. . Daily Demand

- %:J..9. m3: Tank chosen

hours (must be less than 10 hours)

Water Level
in litres

-./.:asa

Overflow

S rf

Explanations:
(1) = Qx seconds

(3) . (1) • (2)
(4) . sum ot (3)

Flow Diagram (hand sketch):

Vulume of Storage Tank:

Inlet Q: Flow ol Inlet
Water Level: Indicate whether + or -
Mln. Storage Capacity = smallest (4). (negative)
Tank chosen . Reter to Standard Drawings

No. o l Storage Tank:.

Period

05.30 - 08.30
08.30-11.30
11.30-13.30
13,30-16.00
16.00 • 19.00
19.00 - 05.30

In

Seconds

1C800
10600
7200
9'000

10'800
37'SOO

et
!?,5. I/B

(1) lit.

aiass!'.'.!

Daily inlet - £.7..'.*3ft...

Min. Storage Capacity = ?.,'.£.?:!. 1

Tank is filled within

D =

30
10
15
10
30

5

Outlet
£Wt:^3l/d Diiference

(3)n
* * r . * 7 * - Daily Demand

. . .S : . ^ m3 ; Tank chosen

1. hours (must be less than 10 hours)

Water Level
in litres

-Woii

Overflow

& ma

Explanations:
(1) - Ox seconds
(2) - D x %
(3) - (1) (2)
(4 ) -sum of (3)

Flow Plagrflm (hand sketch):

inlet Q: Flow of Inlet
water Level; Indicate whether + or -
Min. Storage Capacity - smallest {A), (negative)
Tank chosen : Refer to Standard Drawings

Selected: Storage tank 1
Storage tank 2

V = 3 m3, standard drawing no. T - 05/06
3, standard drawing no. T - 05/06

8.7 BREAK PRESSURE TANK

When we compare the elevation of the structures with each other we see that the
biggest difference is between storage tank 2 (h = 106 m) and tap 14 (h = 26 m). This
difference in elevation is 80 m which is more than 60 m (max. static pressure head in
distribution lines). Therefore a BPT has to be constructed between tap 13 and tap
14. As there are taps joined to the pipeline, it is necessary to install a BPT with a
ball/float valve. All other differences in elevation lie within the possible limit of 100 m
static head on main lines and 60 m static head on distribution lines.

Selected: BPT type B with ball valve, standard drawing no. C - 03.
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8.8 HYDRAULIC CALCULATION OF PIPELINES

The following calculations can be done with the help of Form H.

8.8.1 SOURCE LINES

Source 1 - Sedimentation Chamber:

Given: Max. yield = 0.49 l/s
Min. yield = 0.25 l/s

L = 11 m (Distance from spring to silt box)
h = 0.50 m (Difference in height between spring outlet

and silt box inlet)
Q req. = 0.25 l/s (safe yield)

Required: 0 of source line and 0 of overflow pipe

Solution: 0.50
Headloss = = 0.0455 = 4.6 %

11.00

Friction loss table: J = 4.6 %
- * - 0 32 mm

Q = 0.49 l/s

Min. 0 for source lines is 50 mm (chapter 7.10.1. Types of
Pipelines)

Selected: Source line: 0 50 mm, two pipes to be installed
Overflow : 0 50 mm

Source 2 - Sedimentation Chamber:

Given: Max.
Min.

yield
yield

L
h
Qreq.

= 0.40 l/s
= 0.17 l/s
= 19.00 m
= 0.40 m
= 0.17 l/s

Required: 0 of source line and overflow pipe
Solution: 0.40

Headloss = — = 0.021 = 2.1 %
19.00

Friction loss table: J = 2.1 %
—+- 0 > 32 mm

Q = 0.4 l/s

Selected: Source line: 0 50 mm, two pipes to be installed

Overflow: 0 50 mm
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8.8.2 MAIN LINES

Sedimentation Chamber - Distribution Chamber

HYDRAULIC CALCULATION
Namo of Village: ...AAWs*a?.\ta, Division : ...Vri«!ft!*.ftS.*.\£ District;

Prepared by : ...A:....Will»il! l».T>ft. Designation: h:.3.:..h Date;

Sta-
tion/
Tap

till. ,J..

Eleva-
tion
(m)

no on

1Q0 • <=•>

12S.ee

Stalk:
Head
(m)

G -co

Dist-
ance
H

Flow

(l/s)

Desired
Residual
Head(m)

' /(.„ ft
IS on

Desired
Headloss
(m)/Factor

of bo+t

PipeB

(mm)

Actual
Headloss
Factor (%)

s

•V'~ • £,1.

Friction
' LOSS

(m)

$O. GO

Friction
Chalnage

(m)

'A =. A.

Dynamic
Head
(m)

for Of

Remarks

13.3/

Selected: pipes = 20 mm, length = 153 m
pipe 0 = 25 mm, length = 255 m

Distribution Chamber - Storage Tank 1

I—I
tstroa

I • &O

Selected: pipe 0 = 50 mm

Distribution Chamber - Storage Tank 2

Hit- LU

125 OB

t&6 • 00

tt>£> 06

tg-ao

ig.eo

4G~> = "«.*./

IS. a a

;pcs

= *

a r of

/ £ £>£!

o- e'/

r s /

Selected: pipe 0 = 32 mm, length = 144 m
pipe 0 = 40 mm, length = 353 m

8.8.3 DISTRIBUTION LINES

Storage Tank 1 - Tap 1

Sta-
tion/
Tap

Tap 1

Eleva-
tion
(m)

119 Go

Static
Head
(m)

Dist-
ance
(m)

5>

Flow

(1/5)

Desired
Residua!
Head(m)

Desired
Headloss

(m)/Factor

Pipe n

(mm)

i{>

Actual
Headloss
Factor (%)

' • 5 /

Friction
LOSS
(m)

/

a ! ?

Friction
Chainage

(m)

/

Dynamic
Head
(mj

/

Remarks

ok

Selected: pipe 020 mm
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Storage Tank 1 - Pt.A • Tap 2 - Tap 3 - Tap 4

Pt- /t
lap 2

p+n
Tap 3

pt-h

Tap +

IIS

ut-

ili-

ties

" 6

t.oo

• OO

ot>

• OS

-HO

OO

OO

G .GO

9 • co

tOOO

S a o

lA on

9-CO

16-oo

a»

/toS

G

0 IS

/O

/£>

eso
g.ao

IO0O

G'i

l-fi « /

• » /

J O

•2.G

GA-67.

1-57.

I S /

i-SV.

o
o

t>

1

0

1

/

• * %

• a *

5 9

J S

/

o as
l.Sd

a 39

2-'7

f

» 7 3

B-7J

13.IA-

S 7 2

I39S

Selected: Storage Tank 1
Pt.A
Pt.A
Pt.A

Pt. A : pipe 0 40 mm
Tap 2 : pipe a 20 mm
Tap 3 : pipe a 20 mm
Tap 4 : pipe 0 20 mm

Storage Tank 2 - Tap 5

Sta-
tion/
Tap

* * " < * « ;

Eleva-
tion
(m)

IG&.0O

loi-oi

Static
H»ad
(m)

o oo

Dist-
ance
(m)

Flow

(IS)

Desired
Residual
Head(m)

3-00

Desired
Headloss

(m)/Fador

Plp«.

(mm)

Actual
Headloss
Factor (%)

£>•<!'/.

Frlakin
Loss
(m)

/

O K

Friction
Chainage

(m)

/

Dynamic
Head
(m)

/

5 .4 +

Remarks

Selected: pipe 0 25 mm

Storage Tank 2 - Pt. B - Tap 6 - Tap 7 - Tap 8

1

tap 4

w. »
T.p7

P* B

Top a

99oo

ge oo

62 oo

~J • 0 <?

V.OO

l o o

7 o<s

IJ4-

4-6

3 3 ^

0 ro

iD tG

Gr.f.iL

&.00

10

1 AS/S-7 y.

h he ,Wo'

• 0

l a

0 76 '/

Sic'/

1 5 7

1 B-=?

~ 3 0 ŷ Jvp

' • 32

2 • * *

/.3»

£. i*9

Z-32.

I28J

'•32

3 . W

' 3 1

' 3-- '"_l

l-SH

6.-7.1

3 * .57

S 4 8

5-3+

5-48

6-99

37T5

9 A3

ok •

+00 S;g/

Selected: Storage Tank 2
Pt. B
Pt. B
Pt. B

Pt. B : pipe 0 40 mm
Tap 6 : pipe 0 20 mm
Tap 7 : pipe 0 20 mm
Tap 8 : pipe 0 20 mm, with orifice!

orifice 0 3.00 mm
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Storage Tank 2 - Tap 9

siyeuiea

/

IW)

BMH

3|WEUAQ

/

(w)

/

(m)
sttn

UOI10UJ

(%) J013BJ

eCD|pB3H

IBUBV

(UJUl)

o ~~

J013BJ/(lll)

SEOlpBSH

pSJItSQ

/

(ill) pBSH

lenpiseu

peiiseq

cv< <?

(w) (Ul)
K>U6

-wa

PCS • /

(uy)

PB«H

=!1B1S

0P- 5O1

PP • 90/

(111)

UO1J

-BA3|3

dBi

-BIS

Selected: pipe 0 25 mm

Storage Tank 2 - Tap 10 - Tap 11

Tap to
4Sso

0 AC

/a

/erf; &s#

Orifice

J . j /

• 5 - 3 ^

srAwi / / /

if1- * • a i « ^

•3- A-6

g.A-o

gi.ea /3aa

^,

a *

4^ big

Selected: Storage Tank 2 -Tap 10
Tap 10 - Tap 11

pipe 0 32 mm
pipe 0 20 mm, with orifice!
orifice 0 4.5 mm

Storage Tank 2 • Tap 12 - BPT - Tap 13 - Tap 14

Tap 11

Tap.3

prr

loi.tt,

-7$ oo

{A oo

££&o

a.aa
31 oa

^•t>o

5* -of

I S 7

es
16

5+

O4O

0 3 0

/=.

' 6

«//i / .

5 . 0

/es* /

11 /

' • 5 Z

/di3 ;4

^ ~

33.6^

O - I B

IAI

1 If-3O

32-9*
33- / /

/ • ^ '

-7-So
/+•*+

/*••?
•te 5<i

13-39

ok.

ok

Selected: Storage Tank 2
Tap 12
Tap 13
BPT

Tap 12
Tap 13
BPT
Tap 14

pipe 0 20 mm
pipe 0 20 mm
pipe 0 20 mm
pipe 0 20 mm, with orifice!
orifice 0 3.5 mm

8.9 DRAWINGS

Below you will find the two drawings which have to be prepared for each GWSS:

- Situation Plan

- Hydraulic Profile
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Name of Village:
Division:
District:

Prepared by: AS.W0W
Designation: A- »• A
Date:

Scales:
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Vertical: 1 : 5000
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Elevation (m) 2 7
Static Head (m) i Q o

3D
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u -51
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PART II

CONSTRUCTION
AND

STANDARDISATION



INTRODUCTION

This second part of the manual Design, Construction and Standardisation of Gravity
Water Supply Systems in Rural Villages in Sri Lanka is closely related to Part I which
covers most aspects concerned with the design of a GWSS, whereas this part gives
some practical hints and information about the construction of a GWSS. Additionally,
forms and standard drawings of all relevant structures are included in the
Appendix to this manual.
It is beyond the scope of this manual to give a detailed introduction into the topics of
building construction, concrete and masonry technology, site supervision, etc., nor is
it intended to be a handbook for masons. As mentioned above, we concentrate on
practical hints for the construction of a GWSS. Therefore, a site supervisor of a
gravity water supply system should have some experience in construction works. All
basic knowledge of how to prepare concrete, how to build masonry walls, etc. should
be available with the site supervisor.

© SPRING CATCHMENT

2.1 GENERAL REMARKS

The spring catchment is the heart of a water supply system and not accessible
any more after its construction. Therefore, the design and construction of a
catchment have to be done very carefully. Due to the uniqueness of each source,
there cannot be a standard design of a catchment that is applicable for every system.
However, there are some standard design features which can be applied to all
catchments.
The natural flow of a spring must never be changed! In the immediate vicinity of
a catchment there should be no trees whose roots could damage the catchment.

2.2 TYPES OF SPRINGS

There are several types of springs and they can be classified with the help of
different methods (e.g. geological, hydrological, etc.). For the construction of a
catchment it is important to distinguish between two types of springs:

- Gravity springs: The spring water is moved by the force of gravity along an impermeable
layer and emerges more or less horizontally from the ground.

- Artesian spring: The spring water is trapped between impervious layers and is forced to the
surface by hydrostatic pressure. The water emerges more or less vertically from the ground.

We will concentrate in this manual on the common type of gravity springs and only
briefly touch artesian springs in chapter 2.5. Artesian Springs.
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2.3 PROTECTION ZONE

It is obvious, that the catchment area has to be protected to prevent a spring from
becoming polluted. Especially the area just above and upstream of the catchment
needs extreme care. The size of the protection zone depends on the thickness and
nature of the covering stratum. In any case, the radius of the protected area must not
be smaller than 10 m. Within this area no farming, no domestic animal grazing, no
rubbish pits, etc. are allowed. The area just above the catchment should be planted
with grass and outside of a radius" of about 10 m the protection zone should be
afforested. It is advisable to insist that the protection zone is fenced and protected
just after the completion of the catchment and before any other works are started.

;•••• Protect ion Zone :

Natural forest or mixture of
different indigenous trees/shrubs

Fence

Grass cover around catchment

Catchment (underground)
with inspection chamber

Silt box

Pipe line to storage tank
(covered)

2.4 CONSTRUCTION OF CATCHMENT FOR A GRAVITY SPRING

The construction of a spring catchment can be divided into the following phases:

- Excavation

- Construction of catchment

- Construction of collection / sedimentation chamber

- Laying of source lines

- Backfilling of catchment with filter package

- Refilling of earth cover and completion of protection zone
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2.4.1 EXCAVATION

The excavation of a catchment should be done during the dry season when the yield
of a spring is lowest. However, the catchment has to be designed to trap the peak
flow during the rainy season.
The digging is started at the point where the water emerges from the ground. From
here, the excavation has to follow the flow of water back into the ground/hill until the
earth cover of the source is at least 3 m. Be sure to allow a free flow of the water at
all times so that the source does not get blocked. Excavate along the impermeable
layer but take care not to cut through this layer. In case it is not possible to dig as
deep as the impermeable layer (see sketch below) You have to consider the spring
as an artesian one and the catchment has to be built accordingly. Please refer to
chapter 2.5. Artesian Springs.

The trench walls have to be sloped to ensure their stability. In rare cases it might
even be necessary to use shuttering to guarantee that the trench walls do not
collapse.
In many cases the flow of spring water appearing at the head of the excavation of a
trench decreases with the advancing excavation. This means that water is flowing
into the trench not only at the head of the excavation but also from the sides of the
trench. In such a case the trench has to be split to form a T or V as soon as the earth
cover is big enough(3 m). See sketch below:

^i-START OF DIGGING
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2.4.2 DESIGN AND CONSTRUCTION OF CATCHMENT

Once the excavation is completed the nature of the spring is much more visible than
before and the design of the catchment can be made accordingly.
A catchment consists of the following main parts:

- Barrage /Dam: Directs the water into the supply system.

- Permeable Structure I Drain. Acts as a shuttering for the water bearing layer and prevents
it from being washed out. It also drains the water into the supply system.

- Cover of Catchment: Prevents the infiltration of surface water into the catchment.

2.4.2.1 Barrage (Dam)
The barrage (dam) is built on the opposite side of the place where the spring water
enters into the catchment. The barrage directs the water into the source line which
delivers the water to the collection chamber/siltbox.
First, a temporary dam (made out of clay and a temporary pipe) has to be built to
divert the water from the place where you want to build the barrage. The foundation
of the barrage should be located 20 - 30 cm inside the impermeable layer and should
extend into the side walls to prevent the water from flowing around the barrage. The
concrete for the foundation is cast directly against the ground. The barrage is built on
top of the foundation either in concrete or in stone masonry. A mortar layer on the
exposed, inside wall makes the barrage watertight. The top of the dam should not be
higher than the top of the water bearing layer. The pipe for the source line is placed
at the lowest possible location with a minimum slope of 2% and a minimum a of 50
mm. It is advisable to install a second source line (or at least an overflow pipe) a little
(= 5 cm) higher than the first pipeline, so that the caretaker can easily detect when
the first line gets blocked. It is important to install the second pipe to prevent the
spring from getting blocked in case the first pipe gets clogged. If the spring is
blocked, the spring might disappear completely because the water could find another
way.

2.4.2.2 Permeable Structure / Drain

The permeable structure/drain collects the spring water and guides it into the supply
system. Moreover, the filter package around the drain acts as a shuttering for the
water bearing layer and it prevents it from being washed out.
The drain can be made out of dry stone masonry or a perforated pipe. The cross-
section has to be big enough to allow the drainage of the maximum yield of the
spring. Again, the natural spring flow must not be obstructed! The slope of the
drain should be 1-2%.
Above and behind the drain, a filter package has to be constructed. Washed
stories/gravel have to be used. The size of the stones/gravel immediately around the
drain depend on the size of the opening in the dry stone masonry or the size of the
perforation of the pipe. Obviously the size of the stones/gravel can be reduced
continuously as you build the filter package away from the drain. The filter package
should be built as high as the barrage and it should slope towards the barrage with a
gradient of min. 5%.
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The top of the filter package will serve as formwork for the concrete cover of the
catchment. Never walk on the filter package to prevent any contamination of
the catchment.

2.4.2.3 Cover of Catchment / Inspection Chamber

Surface water which seeps through the refilled earth cover on top of the catchment
has to be prevented from entering into the catchment. This can be achieved by
constructing a concrete cover with a thickness of min. 5cm. The cover is
constructed on top of the filter package and together with the barrage it should cover
the whole catchment and even extend (for about 20cm) into the side walls. It should
slope (min. 5 %) towards the barrage to ensure proper drainage. There should also
be a cross-fall in the cover, so that the surface water can be guided into the seepage
water drain pipe. Use rather dry concrete (earth dry), at least for the first layer, so
that the cover prevents the pores in the filter package from getting clogged by
concrete slurry. The concrete has to be compacted well and its surface has to be
floated to make it smooth enough to drain the percolated surface water.

An inspection chamber can be constructed above the outlet of the catchment.This
would allow later access for inspection of the catchment (e.g. if outlet is blocked)
without breaking the cover. Important: If such an inspection chamber is
constructed, the opening must be sealed watertight to avoid any seepage of
surface water through the cover into the catchment!

2.4.2.4 Earth Cover of Catchment

Once the concrete cover is completed and has set, the whole catchment has to be
covered with earth again so that it looks as it did before the excavation was started.
Use the excavated material for refilling and backfill in layers of 20 - 30cm and
compact each layer very well. Once the backfilling is completed the surface has to be
planted with grass to protect it from erosion. Do not plant trees within a radius of 10
m of the catchment as the roots of such trees could damage the catchment structure.
About 20 m above the catchment a trench has to be built to divert the surface water.
The length of such a trench depends on the width of the catchment but should
extend a few metres on both sides of the catchment. Besure to divert the surface
water to a place where it does not cause any erosion.

Finally, mark the location of the catchment with bench marks (pegs, or permanent
stones) and complete the protection zone according to chapter 2.2 Protection Zone.
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2.4.3 DRAWINGS OF TYPICAL GRAVITY SPRING CATCHMENTS

2.4.3.1 Spring Catchment in Line
Sectional Elevation

Type 2

14

1. Impervious strata
2. Water bearing soil
3. Cover of water bearing soil
4. Bed plate
5. Dry wall
6. Cover slab
7. Perforated pipe
8. Gravel
9. Watertight cover

10. Dam
11. Permeable material
12. Impermeable backfilling
13. Supply pipe
14. Seepage water drain pipe

Cross section type 1

Plan

Cross Section type 2
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2.4.3.2 Spring Catchment in V - or T - Form

Sectional Elevation

1. Impervious strata
2. Water bearing soil
3. Cover over water bearing soil
4. Bed plate
5. Dry masonry wall
6. Cover slab
7. Perforated pipe (not shown)
8. Gravel
9. Watertight cover

10. Dam
11. Permeable material
12. Impermeable backfilling material
13. Supply pipe
14. Seepage water drain pipe

Plan

Section A-A Section B-B

s * S O . . \ \ " * "•»*•"-(• ••
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2.4.3.3 Catchment of various Small Springs

General Arrangement Spring

- R - [ Collection Channe l - * . min slope 2 1 % \ ~

| ^̂ _̂ _̂ ^̂ ^̂ _̂ ^̂ _̂ _̂ |M | t ^̂ ^̂ _̂ ̂ ^̂ _̂ ^^^^_ _ m _ \ \ . ^

Spring I L

Control Chamber
Required only if collection chamber is far away.
Otherwise independent pipe .lines from each spring to
the collection chamber

SECTION B-B SECTION C-C

U.Backfillinq with excavation

materjal if suitable

•:• Clay if available

b ip^cm Concrete or strong

1-: polythene sheet

;• b 10 cm Gravel
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2.4.3.4 Catchment of Springs in Rocky Areas or Steep Hills

existing terrain

'Backfilling

Watertight cover

Gabion

Control Chamber

GROUND PLAN

—• Supply pipe

—Overllow dram pipe

Gravel (top tine; bottom coarse)

Water collection channel

Limit of backfilling

Limit of watertight cover

Note on watertight covet:
mm 10 cm clay or concrete
with additional polythene
sheet

Section B-B

Gabion

Backfilling

Watertight cover

Collection channel(s)
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2.5 ARTESIAN SPRINGS

2.5.1 GENERAL REMARKS

In an artesian spring the water seeps more or less vertically out of the ground, forced
upwards by hydrostatic pressure (see pictures below).

RECHARGE AREA

GROUNDWATER
TABLE

ARTESIAN SPRING

i n n
INFILTRATION AREA

Artesian Overflow Spring

iiP8
'•'.'.•,;,''i'',V"','',''.1.'''1'1'

Artesian Fissure Spring

This type of a spring is less common than a gravity spring, therefore on the following
pages we will only briefly discuss artesian springs.

2.5.2 CATCHMENT OF ARTESIAN SPRINGS

The water of an artesian spring enters
the catchment through the bottom.
Therefore, the catchment looks like a
well with the difference that the water
flows out of the catchment under the
force of gravity and it is not
necessary to extract it mechanically.

Catchment of an Artesian
Spring

2.5.3 ARTESIAN SPRINGS IN HARD, STABLE SOIL

2.5.3.1 Excavation

The excavation starts at the point where the water emerges from the ground and
proceeds downward against the flow of water to a depth of 1.5 to 2metres. The
following points have to be considered:

- Excavation done by hand.
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- No blasting possible (it could cause underground cracks through which the spring could
disappear).

- Pores and cracks through which water is emerging must not be blocked.

- Deposit the excavated material away from the excavation area.

- Ensure a free flow of the spring water away from the excavation area.

- Ensure that the side walls of the excavation do not collapse.

2.5.3.2 Catchment of Artesian Springs

Once the excavation is completed the catchment has to be designed and
constructed. It looks very much like a hand-dug well; a circular or rectangular wall
collects the water entering through the bottom of it and directs the water into the
supply system. The walls have to be built 30 - 50cm higher than the water table (be
sure that the max. yield can be drained from the catchment). At the lowest possible
point, the source line is placed into the wall of the catchment.
In most cases the spring water does not emerge at one particular spot only.but
appears over a certain area. It is up to the supervisor of the project to decide whether
one large catchment or several smaller ones have to be built.
The walls of the catchment can be built with concrete or stone masonry(must be
watertight) and on top of a concrete foundation of a depth of min.20 cm, which is
cast directly against the ground.
In hard, stable soil no filter package is needed to prevent the water bearing layer
from getting washed out.
The catchment has to be covered with a precast concrete slab. Before designing the
size of the catchment, remember that it will be covered after completion and that the
covering-slab for a large catchment will be very heavy and difficult to move on to the
catchment walls. Be sure that the cover seals the catchment completely to prevent it
from becoming contaminated.
The area around and on top of the catchment(s) has to be backfilled with excavated
material. Backfill in layers of 20 - 30 cm and compact each layer well.

2.5.4 ARTESIAN SPRINGS IN LOOSE SOIL

The excavation of an artesian spring in loose soil has to be done in the same way as
a well is dug in loose or sandy soil: by caissoning. The excavation is done inside a
precast concrete ring to prevent the side walls from collapsing. The precast concrete
rings will sink under their own weight while the excavation is going on. Please refer
to the manual Construction of Hand-Dug Wells in Rural Villages in Sri Lanka. In that
manual you will find detailed instructions on how to proceed with the above
mentioned method of caissoning.
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2.6 COMMON MISTAKES OCCURRING IN SPRING CATCHMENTS

Gravity pipo

... •" (outlet)

L E G E N D

(a) no surface run off water interception drain
(b) unsuitable backfilling material (permeable)
(c) no watertight cover
(d) cover of water bearing soil inadequate
(e) top of control / collection chamber below ground

level
(f) no dam or dam with too short wing-walls and/or

insufficient depth of dam foundation
(g) ' leakages from pipe joints
(h) position (elevation) of overflow to high "0
(i) position (elecation) of outlet to high 1)
(k) insufficient overflow capacity

surface water is able to
pollute spring water

loss of spring water

obstruction to spring flow
and impounding of spring2)

Note: 1) in relation to spring horizon
2) spring may find an other outlet to overcome the obstruction
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oCOLLECTION CHAMBER AND / OR
SEDIMENTATION CHAMBER / SILT BOX

Very often a silt box can serve both as sedimentation chamber and as a collection
chamber. It has to be built as close to the catchment as possible. The floor and the
walls have to be watertight and the corners and edges (inside) have to be bevelled.
Be sure that the outlet pipe is aerated so that it can be shut down without the
outflowing water creating a vacuum in the pipe.

Standard Drawings:

- S-01, Silt Box (type A), Volume = 300 - 800 I
- S-02, Silt Box (type B), Volume = 300 - 800 I
- S-03, Silt Box with Valve Chamber (type A), Volume = 1000 - 2000 I
- S-04, Silt Box, (type B), Volume = 1000 - 2000 I
- S-05, Silt Box with Valve Chamber (type A), Volume = 300 - 8001
- C-03, Pressure Break or Collection Chamber (type A + B)

O STORAGE TANK

4.1 GENERAL REMARKS

The construction of a storage tank requires the coordinated tasks of a lot of people.
The supervisor has to plan the construction procedure well inadvance and he has to
make sure that all materials are available at the time they are needed. There are two
different types of storage tanks:

- Stone Masonry: The walls and the (arched) roof are made of stone masonry.The design of this
type of tank was developed by HELVETAS in Cameroon and was later introduced in other
countries (e.g. Sri Lanka). Its advantages are sturdiness and low maintenance. But it also has
some serious drawbacks. Considerable quantities of stone, cement and sand are required. It
proved to be difficult to produce watertight constructions mainly because of the quality of the
stones and the fact that local craftsmen are not always familiar with stone masonry technology.

- Ferrocement: These tanks require less cement, stones and gravel, and are cheaper and quicker
to build. They consist of sand-cement mortar heavily reinforced with rods and chicken wire. The
reinforcement, with a layer of chicken wire on both sides (inside + outside), is embedded in mortar
made of one part cement and two parts sand (1:2). Ferrocement is particularly suitable for curved
structures, such as circular tanks. The main advantages of this type of material are low cost,
simplicity of construction and durability. According to studies done in Nepal, ferrocement tanks are
25 % - 50 % cheaper than stone masonry tanks.

Standard Drawings:

- T-01 , Storage Tank (type A), Volume = 2 - 5 m 3

- T-02, Storage Tank (type B), Volume = 2 - 5 m 3

- T-03, Storage Tank (type A), Volume = 6.5 - 1 2 m 3

- T-04, Storage Tank (type B), Volume = 6.5 - 1 2 m 3

- T-05, Storage Tank (Ferrocement), Volume = 2 - 1 5 m 3 , (Drawing No. 1)

- T-06, Storage Tank (Ferrocement), Volume = 2 - 1 5 m 3 , (Drawing No. 2)
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4.2 CONSTRUCTION SCHEDULE FOR FERROCEMENT STORAGE TANKS

This construction schedule for ferrocement storage tanks is intended as a guide to
enable you to construct ferrocement tanks within the shortest possible period of time.
It also helps to plan the required community participation for each day. This time
schedule will not differ much for the construction of 8 m3, 10 m3 or 15 m3 tanks,
provided that good supervision and sufficient community participation is ensured.

Preparation of Work Site:

The following preparations must be completed in advance to keep to the time
schedule:

- All required building materials (according to the material list on the standard drawing) have
to be collected and stored at the construction site.

- All necessary equipment, like formwork for walls and roof, planks for shuttering and bracing,
etc., have to be made available.

- All installations, like washout, overflow, inlet, outlet, etc., have to be prepared and made
ready for use.

- All reinforcement bars have to be purchased and cut and bent according to the table on the
standard drawing.

- The stone soling (20 cm, sloping 10 cm towards washout) has to be constructed and the
support pipe (PVC 0 50 mm, filled with cement mortar)has to be set up.

- Please refer to standard drawing no. T-05 and T-06!

CONSTRUCTION SCHEDULE:

1st day: Installations: Washout, overflow, inlet, supply
Reinforcement: Foundation slab steel bars
Foundation: Concrete 1:2.5:4, topping 1:3 wet in wet

2nd day: Preparation: Cover fresh topping of foundation to avoid damage
Reinforcement: Wall steel bars
Wall formwork: P.E. pipe 0 32 mm

3rd day: Wall formwork: P.E. pipe 0 32 mm
Reinforcement: Chicken wire, plain wire 0 3.5 mm, spacing 2.5 cm

4th day: Plastering: 1st coat 1:3 for wall (outside), thickness 2 - 3 cm, surface rough
2nd coat 1:3 for wall (outside), thickness 1 - 2 cm, surface floated.
The 2nd coat is only applied once the 1st coat has set. The
water/cement ratio should be 0.45 - 0.50.

5th day: Curing: 1 st and 2nd coat on wall (outside) can harden

6th day: Curing: Cover the wall with suitable material and keep it wet

7th day: Curing: Keep the wall and the covering material wet

-64-



8th day:

9th day:

Preparation:
Plastering:

Reinforcement:
Formwork:
Reinforcement:
Roof formwork:

10th day: Plastering:

17th day -
24th day: Formwork:

Plastering:

Remove the wall formwork
1st coat 1:4 for wall (inside), thickness
2 - 3 cm, surface floated

2nd coat cement paste, thickness 1 - 2 mm.
Apply the cement paste up to 5 -10 cm above
max. water level.

Roof steel bars
Formwork for manhole (45 x 60 cm)
Plain wire a 3.5 mm / chicken wire
Hardboard

1st coat 1:3 for roof (outside), thickness
3 - 4 cm, surface floated.

Remove roof formwork
2nd coat 1:3 for roof (inside), thickness 2 - 3 cm

0 BREAK PRESSURE TANK (BPT)
There is no minimum required capacity for a BPT as long as the water is able to
drain from the BPT as fast as it is discharged into it. The dimensions are more
influenced by the size of the installations / fittings.

There are two standardized types: Type A and type B. Type B needs less materials
and is cheaper to build. Both types can be fitted with or without a ball (float) valve. A
ball valve has to be installed in case the flow of the inlet pipeline has to be controlled.

Standard Drawing: C-03, Break Pressure Tank or Collection Chamber
(Type A and B)

DISTRIBUTION CHAMBER
Although there is only one type of distribution chamber standardized, various
distribution ratios are possible. The size of the distribution chamber depends upon
the installations / fittings installed.
It is important that the tops of the outlet elbows are on the same elevation/level to
guarantee an equal distribution according to the distribution ratio.

Standard Drawing: C-04, Distribution Chamber
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VALVE CHAMBER

There are two types of valve chambers standardized. The choice of either of them
depends upon the number of supply pipes. Remember that each valve has to be
protected by a valve chamber. There should not be any valves freely accessible to
outsiders.

Standard Drawing: - C-01, Valve Chamber 60 x 45 cm
- C-02, Valve Chamber 60 x 90 cm

PIPELINE CONSTRUCTION

8.1 GENERAL REMARKS

The construction of the pipeline is a very laborious task. Often, due to bad
management and/or supervision, the pipeline works are excessively prolonged which
drains away the enthusiasm of the community. It is important, therefore, that the
pipeline work is done properly the first time. It is very frustrating to locate an internal
blockage as a result of carelessness, or to have to re-dig the trenchline because the
depth is incorrect.
It is very important that the site supervisor keeps the following points in mind:

- The supervisor should be a technical consultant, assisting the local community and he should
make use of village individuals who emerge as natural foremen.

- The most difficult part of the trenchline should be tackled first when enthusiasm is still high.

- The pipe should be laid as continuously as possible to avoid the trench from becoming filled in.
As soon as the pipeline is laid, the trench can be backfilled.

- The total work has to be divided into different parts on which the villagers can work
simultaneously.

- It is necessary to be firm on standards and procedures which cannot be altered (e.g. depth of
trench). The supervisor has to insist on these from the beginning. This will create fewer
problems later on.

8.2 TRENCH WORKS

8.2.1 GENERAL REMARKS

The pipeline should be laid along the straightest possible route; along the same route
as the hydraulic survey. Whenever one has to deviate from the survey route, the
supervisor has to re-survey the new section to determine how it will effect the HGL of
the system. The slope of the pipeline should be min. 1 %. One stretch of a pipeline
should be laid with either a continuous rise or a continuous fall. Where the slope
changes from rise to fall an air release has to be installed. Where the slope changes
from fall to rise a washout has to be installed (see chapter 10 Installations).
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8.2.2 SIZE OF TRENCHES

The width of the trench depends on:

- Diameter of pipe
- Type of soil and soil condition
- Practical working condition etc.

A practical width will be 40 cm.
The depth of the trench depends on:

- Climate (Temperature)
- Type of soil and soil condition
- Location of pipeline (paddy fields, roads, etc.) etc.

From our experience we recommend the following depths for trenches:

Generally:
Crossing minor roads:
Crossing main roads:

0.60 m
1.00 m
1.50 m

With above depths, a pipeline is well protected against weight (and sharp hooves) of
animals walking over it; it is well below the depth of plough;it is insulated against
great variations of temperature; it is protected against tampering by children, etc.
The depths given are minimum depths and they must not be reduced! The
supervisor of a GWSS has to explain to the local community the reason for burying
the pipeline and he has to insist on the min. depths of the trenches.

8.2.3 LAYING OF PIPES

The pipes should be laid on firm ground and rocks or stones should be removed
from the bottom of the trenches to prevent the pipe from getting damaged by them.
The pipe should be supported over its entire length and not only under its couplings.

correct, pipe is supported over its
entire length

wrong, pipe is supported under couplings
only

wrong, pipe is not supported over its
entire length

Immediately before any pipe is going to be laid into the trench, the pipe should be
checked for: Cracks, blemishes, holes, etc. Do not forget to check the interior of the
pipes as well!
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8.2.4 BACKFILLING OF TRENCHES

As soon as the pipe has been laid, the trench should be backfilled, at least partially.
The backfilling has to be done in layers of 20 - 30 cm.The first layer must not contain
any sharp materials like stones, rocks,branches, etc. Once the pipe is covered with a
soft soil layer of about 20cm the excavated material can be used for backfilling.
Do not backfill the full trench before each pipeline section is tested against leakages.

Backfilling of Trench before Leakage-Test

8.2.5 THRUST-BLOCKS

Whenever the pipeline changes its direction the water pressure in the pipe exerts a
certain force on the pipeline. These thrusts can be surprisingly high and it is
necessary to absorb them with thrust-blocks. Without such thrust-blocks, the
pipeline can easily become damaged.

Thrust at End of Pipe:
62

xn
P = p x where: P =

p =
d =

Force in N
Water pressure in N/mm2

Outer diameter of pipe in mm

Thrust at Bends

Resultant R = 2 x sin o x P where: R =
a =
P =

Resultant force in N
Angle of bend
Force in N
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Below, you find a table with the thrusts for different pipe diameters and various
bends. The calculations were done for a water pressure of 0.5 N/mm2= 50 m of head
= 500 kPa. If you want to calculate the thrust for another pressure just divide the
thrust given in the table by 0.5 and multiply it with the pressure you want.

Example: What is the thrust on a bend , o = 45 °, pipe 0 = 75 mm,
p = 0.8 N/mm2 ( = 80 m of head)?
Solution: table below: a = 45°

0 = 75 mm —> thrust R-| = 1.69 kN

p = 0.5 N/mm2

R1
p = 0.8 N/mm2 —> R = — x 0.8 = Z70 kN ( « 270 kg)

0.5

Also included in the table below are the thrusts on a T
(branch) for the different pipe diameters for a pressure
of 0.5N/mm2. The calculations for other pressures are
the same as above. The thrust on a T-branch is about
70 % of P.

Thrust on Bends and T - branches for a Pressure of 0.5 N/mm2

(= 50 m of head) in kN ( 100 kg)

0 of
Pipe

50

63

75

90

at Pipe
Plug

0.98

1.56

2.21

3.18

15°

0.26

0.41

0.56

0.83

it Bends
30°

0.51

0.81

1.14

1.65

> with an

45°

0.75

1.19

1.69

2.44

Angle 0
60°

0.98

1.56

2.21

3.18

f

90°

1.39

2.20

3.12

4.50

a tT -
Branch

0.69

1.10

1.55

2.23

For small pipe diameters (20 - 40 mm) the thrust is little and therefore
not included in the above table.

If the thrust is absorbed by a thrust-block you have to make sure that the surrounding
ground can support the concrete thrust-block (the permissible soil bearing capacity
must be bigger than the pressure exerted by the thrust block).

Examples:

A) What is the size of the thrust-block
in the sketch on the right?
Permissible soil-bearing capacity

a perm,= 0.075 N/mm 2

0 90 mm gr^Tl' 0 90 mm
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Solution:
1.55

Table - > T-branch: P = — x 1.0 = 3.1 kN
0.5

P 3100
Required thrust-block area: A req = — = ~ x 10-2 = 413 cm2

a perm. 0.075

chosen: Thrust-block 20 x 30 cm = 600 cm2

ANCHOR

B) What is the required volume of the n = A oN/tnn$

thrust-block in the sketch on the right ?

Weight of concrete: 24 kN/m3

Solution:
c = 45° 2.44

0 = 90 mm - > table —> P = x 1.0 = 4.88 kN
p = 1.0 N/mm2 0.50

4.88
Volume of block: V = = 0.20 m3

^= 24 —

chosen: 0.6 x 0.6 x 0.6 m = 0.22 m3

8.2.6 MARKING OF PIPELINE

The route of the pipeline has to be marked to enable the users of the system to
locate it after several years of use in case some repair works are necessary.
Immediately after the trench has been backfilled the route of the pipeline has to be
marked with permanent pegs. It is easiest to use concrete pegs on which the
following information can be mentioned:

- Material of pipe and 0 of pipe
- Direction of route of pipeline
- Continuous numbering of pegs
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8.2.7 DIFFICULTIES IN TRENCH WORK

8.2.7.1 Trench Work in Hard or Rocky Ground
PIPE LINE

REGULAR COMPACTED
BACKFILL

NEW BACKFILL
KEYED INTO GROUND'
WITH 8-10 CM STONES

SCREENED &
COMPACTED
BACKFILL

8.2.7.2 Stream or Gully Crossings

Narrow, deep gullies or streams can be crossed by a span of Gl pipe above the
bottom of the gully, clear of the maximum flood level.

NOT MORE THAN 4m 1m

STABILIZATION
OF BANKS W#m
CROSSING ; ;J

In broader gullies, the pipeline has to be buried as well as possible. Importance has
to be given to a good anchorage.

Crossing a broad Gully

CEMENT MASONRY
ANCHORS 60 X 60 X 60 CM
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0 TAPSTANDS

The following is an abstract from the "Handbook of Gravity-Flow Water Systems" by
T.D. Jordan Jr.: "The tapstands are the most frequently used component of the entire
system. No other structure will face more abuse than these, and no other structure
will have to fit in so closely with local, social and cultural needs.
A tapstand is more than just a physical structure. It will become a new and important
gathering point of the village. Properly designed and built, the tapstand will be a
clean, attractive and inviting place. Poorly completed, it will be a dirty, muddy,
unhygienic eyesore."

We standardized three different tapstands. The first one is attached to a storage
tank. The second one was standardized in 1986 and revised in 1988.In comparison
with the third one, the second requires more materials for its construction and is,
therefore, more expensive. Otherwise it is just a matter of preference.

Standard Drawings:

V-01, Tap Attached to Storage Tank Type A + B
V-02, Standpost "86"
V-03, Standpost "88"

INSTALLATIONS

10.1 AIR RELEASE / ANTI VACUUM VALVE

As mentioned in the first part of this manual, 6.10.1 Air valves/Air Releases, and in
chapter 8.2.1 General Remarks of the second part, at each high point an air
release has to be installed. An air release can be:

- Air Valve
- Standpost / Standpipe
- Open Pipe

Besides these high points, there are other locations along a pipeline where an air
release or, better, an anti-vacuum valve has to be installed. There should be a
device to ventilate a pipeline after each main valve. This prevents the building up
of a vacuum when the main valve is closed and the water drains from the pipe.

Below you will find a few examples of air releases/anti-vacuum valves:

Automatic air valve
installed on HDP pipe AIR VALVE

3/4" X1"GI REDUCER
1"GI SHORT NIPPLE
V X 3 2 M M GI/HDD
BRASS UNION

HDP PIPE & FITTINGS
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Alternative methods

SMALL BRASS OR
ALUMINIUM SCREW
SEALING NAILHOLE

SCREENED HDP VENT

1/2' CORPORATION COCK

1/2'GI SHORT NIPPLE

1/2'20MMGI/HDP
BRASS UNION
HDP PIPE

Anti-Vacuum Valves

min 3C

STATIC GRADIENT

\
Ventilation pipe min, 0 1"
with return bend and sieve to
prevent pollution of water
caused by animals or dirt

STATIC GRADIENT

uleaning pipe

After closing the main valve the ventilation valve must be opened
(prevention of vacuum)

STANDPIPE
-CONNECTION

DRAIN-

Be sure to install air valves well above the highest possible ground water level.
Otherwise, polluted ground water could enter into the pipeline. Similarly, be sure to
drain the valve box appropriately!
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10.2 WASHOUTS
As mentioned in the first part of this manual, 6.10.2 Washouts and in chapter 8.2.1
General Remarks of the second part of this manual, at each low point a washout
has to be installed. Wash outs can be:

- Plug
- Valve
- Standpipe

A washout pipe should be of the same size as the pipeline at that point. Plugs
require that the pipeline will be completely drained, which is not the case if a valve
(gate valve) is installed.
Remove the handles of such valves and store them in a safe place. Additionally, the
valves should be well protected inside a valve chamber to prevent them from being
tampered with. If a plug is used, ensure that it cannot be removed by hand.

10.3 SECTIONAL VALVES

As mentioned in the first part of this manual, in chapter 6.10.3 Sectional Valves, such
sectional valves have to be installed for two reasons:

- Parts of the supply system can be shut off for repair works
- Flow can be rationed in case of a severe drought

Sectional valves on long main lines should be located at a distance of 2 - 3 km and
it is important to keep in mind that the shut off part of the pipeline can be ventilated
(see chapter 10.1 Air release/Anti-Vacuum Valve).
On distribution lines, sectional valves should be installed so that they control three to
five standposts. Whenever possible, a sectional valve should be combined with an
air release or wash out. For branch lines, the sectional valve should be located at the
branch-off.
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A P P E N D I X 2
FORMS A - M

Form A: PRELIMINARY SURVEY A2/1

Form B: SPRING MEASUREMENTS A2/2

Form C: SITUATION SURVEY A2/3

Form D: HYDRAULIC SURVEY A2/4

Form E: FEASIBILITY OF PROJECT A2/5

Form F: FLOW RATE AT STANDPOSTS A2/6

Form G: VOLUME OF SEDIMENTATION CHAMBER / DISTRIBUTION RATIO A2/7

Form H: STORAGE TANK AND FLOW DIAGRAM A2/8

Form I: HYDRAULIC CALCULATION A2/9

Form J: HYDRAULIC PROFILE A2/10

Form K: FRICTION LOSSES IN PVC PIPES A2/11

Form L: SYMBOLS FOR DRAWINGS A2/12

Form M: EXAMPLE OF HEADER FOR SITUATION PLAN AND PIPE SCHEDULE A2/13

A P P E N D I X 3

STANDARD DRAWINGS

Number

C-01

C-02

C-03

C-04

S-01

S-02

S-03

S-04

S-05

T-01

T-02

T-03

T-04

T-05

T-06

V-01

V-02

V-03

Title

VALVE CHAMBER 60 x 45 cm

VALVE CHAMBER 60 X 90 cm

BREAK PRESSURE TANK OR COLLECTION CHAMBER (TYPE A & B)

DISTRIBUTION CHAMBER

SILT BOX (TYPE A), VOLUME = 300 - 800 I

SILT BOX (TYPE B), VOLUME = 300 - 800 I

SILT BOX WITH VALVE CHAMBER (TYPE A) VOLUME = 1000 - 2000 I

SILT BOX (TYPE B), VOLUME = 1000 - 2000 I

SILT BOX WITH VALVE CHAMBER (TYPE A), VOLUME 300 - 800 I

STORAGE TANK (TYPE A), VOLUME = 2 - 5 m3

STORAGE TANK (TYPE B), VOLUME = 2 - 5 m3

STORAGE TANK (TYPE A), VOLUME = 6.5 - 12 m3

STORAGE TANK (TYPE B), 6.5 -12 m3

STORAGE TANK (FERROCEMENT), VOLUME = 2 - 1 5 m3 (DRAWING NO.1)

STORAGE TANK (FERROCEMENT), VOLUME = 2 - 15 m3 (DRAWING NO. 2)

TAP ATTACHED TO STORAGE TANK TYPE A & B

STANDPOST "86"

STANDPOST "88"
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FORMA
PRELIMINARY SURVEY
Name of Village: Name of Surveyor:
Division: Designation:
District: Date:
Map sheet:

Population: No. of Families: No. of Inhabitants:
Existing Infrastructure:

Dry Season (s): From To
From To

Wet Season (s): From To
From To

Water Sources: - Present:

Source 1 Source 2 Source 3 Source 4
Future: Elevation of Source

Approx. Yield:
Elevation of Consumers

Name and Address of Contact Person:

Remarks:

End. : hand sketch

A2/1



SPRING MEASUREMENTS FORM B

Name of Village:

Division:

District:

Date of
Measurement

Spr

Time

ng 1

Yield

Spr

Time

ng2

Yield

Spr

Time

ng3

Yield

Spr

Time

ng4

Yield

Remarks: Use always the same bucket and measure the yield at least once a week at the same
spot. Measure the time in seconds (s) and calculate the yield in litres per second (l/s)

D - dm \j _

d = dm

h = dm

Inside Dimensions
in decimetres

12
x h x (D2 + D x d + d2)

A2/2



SITUATION SURVEY
FORM C

Name of Village: ...

Division:

District:

Name of Surveyor:

Designation:

Date:

Station
(from - to)

Compass Reading
in grades

Distance
m Remarks and Sketches

A2/3



H Y D R A U L I C S U R V E Y
Name of Village:

Name of Surveyor:

Division:

Designation:

District:

Date:

Station
(from - to)

Compass Reading
in grades

Distance
m

Vertical Angle
in grades , Remarks

i

! I

Distance
D V e r t

Station Elevation

Explanations:
D Horiz. = Distance x cos

D vert. = Distance x sin

P

P

•n
O
30



FEASIBILITY OF PROJECT
FORM E

Division:

District:

Water Demand:

Inhabitants

Students

Number
0)

Designation:

Date:

Growth Factor
(2)

Daily Consumption
in I (3)

Total Future Water Demand =

Demand (l/s)
= (1)x(2)x(3)

Explanations:
(1) : Present Population
(2) : 1.24 (for 20 years)
(3) : 45 l/c x d (30 1/c x d in exceptional cases)

Available Water:

Max. Yield (I/S)(1)

Min. Yield (l/s)(2)

Spring 1 Spring 2 Spring 3 Spring 4 Total Yield

Explanations:
(1) : Highest yield measured (refer to spring measurements)
(2): Lowest yield measured (refer to spring measurements)

Safety factor: 0.9
Total safe yield: 0.9 x Tot. Min. Yield = 09. x

Total safe yield per day : 0.9 x Tot. Min. Yield x 86'400

= 0.9 x x86'400

l/s

l/d

Feasibility : Check appropriate box :

[ ] Project Feasible ; more water available than demanded

[ ] Project Not Feasible : less water available than demanded
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FLOW RATE AT STANDPOSTS

Name of Village: Prepared by:

Division: Designation:

District: Date:

FORM F

Flow at Standposts / Taps:

Tap
No.

Users

People

(1)

Pupils

Flow Rate
l/s (3)

Storage Tank (2)

No. People Pupils

Remarks
(4)

Total

Explanations:

(1) : Future users (present population x growth factor)
(2) : Mark from which storage tank the tap gets water and add up

the number of people or pupils per storage tank.
(3) : Flow rate according to the number of users (0.1 or 0.2 l/s)
(4) ; Give specific details e.g. tap for school, temple etc.
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VOLUME OF SEDIMENTATION CHAMBER
DISTRIBUTION RATIO

FORM G

Name of Village : Prepared by:

Division: Designation:

District: Date:

Volume of Sedimentation Chamber / Silt Box:

Flow (total maximum yield, see Form E):
Retention Time:
Capacity: C = Q x T =

Q =
T = 1'200s

x1 '200 -

l/s

Select the correct sedimentation chamber / silt box from the standard drawing in the manual
Construction and Standardisation of Gravity Water Supply Schemes in Rural Villages in Sri Lanka.

Water Demand per Storage Tank and Distribution Ratio:

No. of Beneficaries

Pupils
(3)

l/d
(4)

Demand per

Day
(5)

Second
(6)

Distr.
Factor

(7)

Flow to
Storage
Tank (8)

6

6

6

Explanations:

(1) : No. of people
(2) : 45 l/d (30 l/d)
(3) : No. of pupils
(4) : 6 l/d

(5) = (1)x(2) + (3)x(4)
(6) = (5) / 86'400
(7) : Distribution factor in comparison with

the other storage tanks
(8) = Total safe yield distr. according to (7)
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STORAGE TANK AND FLOW DIAGRAM
FORM H

Name of Village: Prepared by:

Division: Designation:

District: Date:

Volume of Storage Tank:

Period

05.30 - 08.30
08.30-11.30
11.30-13.30
13.30-16.00
16.00-19.00
19.00-05.30

D

Inlet
Q - i/R

Seconds

10'800
10'800
7'200
9'000

10'800
37800

(1)lit.

aily Inlet-

Outlet
D = l/d

%

30
10
15
10
30

5

(2) lit.

Difference
+ / -

(3)

- Daily Demand

Water Level
in litres

(4)

Overflow

Min. Storage Capacity - I - m3 ; Tank chosen rn3

Tank is filled within .

Explanations:
(1) = Qx seconds
(2) = D x %
(3) = (1) - (2)
(4) = sum of (3)

hours (must be less than 10 hours)

Inlet Q: Flow of Inlet
Water Level: Indicate whether + or -
Min. Storage Capacity = smallest (4), (negative)
Tank chosen : Refer to Standard Drawings

Flow Diagram (hand sketch):
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H Y D R A U L I C C A L C U L A T I O N
Name of Village : Division :

Prepared by : Designation :

District:

Date :

t u

Sta-
tion/
Tap

Eleva-
tion
(m)

Static
Head
(m)

Dist-
ance
(m)

Flow

(l/s)

Desired
Residual
Head (m)

Desired
Headloss
(m)/Factor

Pipe 0

(mm)

Actual
Headloss
Factor {%)

Friction
Loss
(m)

Friction
Chainage

(m)

Dynamic
Head
(m)

Remarks

-n
O
3J



H Y D R A U L I C P R O F I L E
Name of Village:
Division:
District:

Prepared by:
Designation:
Date:

Scales:
Horizontal:
Vertical:

> Remarks:

Point No.
Distance
Elevation
Static Head
Design
Pipe Size (ISO 1'000)
Friction Factor
Friction Loss
Friction Chainage
Dynamic Head

(m)

(m)
(m)

(1/s)

(%)
(m)
(m)
(m)

-n
O
30



Friction Losses in PVC Pipes

FRICTION FACTOR I =m/100m, %, cm/m

Nominal Pipe Size
r~ Inner Diameter

100.00

0.1

10.0 -> 15.0 20.00 30.00 40.00 50.00

SRI LANKA STANDARD SPECIFICATION
J.I.S. Class B
I.S.O. Type 1000

•;;j=v=>*ĝ -- .vy>g^^-ya=-==^=fe=
_v^J^~SKH*r-' ;=~r^\;•:£::>*:•.:~<• >rv-reir- «*

^ ^ ^ ^

. ^ * - _^__ L . - . . ^ i-~~- - L > ^ • 1 - . ^ r ^ - L^ ^ ^ ^ —— - * ^ ^ F • - » » j M ^ •—^f^^^r ^ T :—^_ • • — - - c ~ —^^r^ ^ - _ _j _ — j ( L _ ^ _ ; T _ I • ^ \^^r ~ _ ^ . . \ v^ î* . ^ ^ ^ ~ ~~t ^ ^ ^ ~ ~ ~
 -

 ~"^t - -

SS^B^TOfc^S^^KSl
^ g >

K^^^;^^L^ft^^i:^^^

\^> y

^

mmmz?^mm^Enz^m^
:±^£iZE&£zm3m^^^iXl:*.

How to Read the
Drawing :

Example:
Design Flow= 0.8 L,
Pipe Length = 120m

^i Selected Pipe
3 =40mm(ISO)

2.0 o
^ Friction Loss =?

_j From Drawing:

JM

0 , O Friction Factoi
JL 2.65m/100m
S~ Total Loss:

120m x2.65mnOOm =3.1m

0.1
o.i

Oct. 1983 / US

0.3 0.4 0.3 1.0 1.5 2.0 3.0 4.0 5.0

FRICTION LOSS J =m/100m. % , cm/m

10.0 15!) 20.00 40.00 50.00

Pipe Roughness K =0.01 mm
WateraU0-C(50F°)
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FORM L

SYMBOLS FOR DRAWINGS
SYMBOL

- Silt Box
V. 600 L

Valve
Chamber

Wash out

Pressure Break
Tank 2

Wash place

Tap 4

Storage tank 1

V=5m2

y
[Q WelM

Well 6

Non Return Valve

USED FOR

Pipe Line
(Supply, Distribution)

Existing Pipe Line

Spring with Protection Zone

Silt Box

Valve Chamber

Wash out with Plug

Pressure Break Tank

Wash Place

Stand Pipe

Storage Tank

Well

Well with hand Pump

Bore Hole with Hand Pump

Non Return Valve

E
E

CO

• I

1
IT)

d

a.

(5

I
03

i

SYMBOL

a D

School

USED FOR

Houses

Important Buildings

Foot Path

Road

Railway Line

Paddy Field

Rivers

Forest

Temple

Cliff, Steep Slope

Bridge, Culvert

Tea Land

A2/12



EXAMPLE OF HEADER FOR SITUATION PLAN AND PIPE SCHEDULE

co

Header:

Pipe Schedi

Name and Address of Organisation

Plan No. :

Scale:

Map Sheet:

Jle:

S 1 T U A T I O N P L A

Name of Project

Date:

Drawn by:

Surveyed by:

Amend-
ments

PVC- Pipes, I.S.O. 1'000

From - To

i

Distance Diameter From - to

N OF

Date

Distance

by:

Diameter

•n
O
30



A 8

S.S. 20 G.I. <»2s>sa2Sc3 G.I. pipe socket 20

0 ®® 8
handle 0 8

1:2:3 (3/4")

jnanhole cover, concrete 1:2:3
reinforcement, to floated

.G.I. zap, ®.S. 25 G.I. tee 25 mm

TOP VIEW

// <yc3i)wri ^x^ta 50 S.S
drain 0 50 mm

supply from attached or sperate tank
4-

over flow

washout

PLAN VIEW



•m

Remarks:
Installations according to hydraulic calculations

0 S.®.'25'G.I.

G.I, pipe/tee 0 25 mm (1")

1:3

mortar 1:3

B - B SECTION B - B

1:2:3 (3/4")
anhole cover, concrete 1:2:3 reinforced

Si

© 'S'ffli^a® :»e&3 supply

washout

A - A SECTION A - A



VALVE CHAMBER
60 x 45 cm

C-1

1:20

Date:
April 1992

Drawn by: Kumuduni

Designed by: H. Pf

Amendments

Date: By:

List of materials

8(s®2rfz8 cement szaoC

©ug sand

®iOtf <&<$ metal

S32s5zs> cocf stones

&idK>is5gS) rebar 0 6 mm

G.I. a c esS^dt G.I. pipe/fittings

0 bags

m3

m3

m3

kg

4.5

0.7

0.6

0.8

4

yes



70

60

in

0 §S® 8
handle 0 8mm G.I. Pipe/Socket 0

l:2:3 (3/4")
manhole cover, top floated concrete

TOP VIEW

130

to attached or seperate tank

a) over flow

® supply

PLAN VIEW



oge precast cover slab

/ 0 ®® 20
20mm

Remarks:
Installations according to hydraulic calculations

PI

M

A - A d ©£5̂ 5® SECTION A - A

Details of Manhole Cover)

G.I. pipe/te;

mortar 1:3

precast slai

1:2:3 (3/4")
manhole cover, concrete 1:2:3 reinforced to

supply

jS washout

A - A SECTION A - A



VALVE CHAMBER
60 x 90 cm

:n No.

ale:

;p Sheet:

C - 02

1:20

Date:

Drawn by: Kumuduni

H.PfDesigned by:

Amendments

Date: By:

List of materials

0 25 mm

3/4 SiOcf en

G.I. me

cement

sand

cf metal 20 mm

stones

rebar 0 6 mm

G.I. pipe fittings

bags

M3

M3

M3

kg

6

0.9

0.8

1

6

yes

floated
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n
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63^1^® PLAN VIEW
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5za) (WITH OR WITHOUT BALL VALVE) B &3<at3 TYPE B

(37,

PI

Sr

M:

PLAN VIEW

n crosswise

et

45

1:2:3
manhole cover top flouted concrete 1:2:3 reinforced

1:4

stone masonry 1:4 outside

topping 1:3, to be smoo
with cement paste

1:2:5:4
concrete 1:2.5:4

A - A SECTON A - A



(BPT)
BREAK PRESSURE TANK (BPT) OR

COLLECTION CHAMBER (TYPE A + B)

A + B)

ale:

NO. C - 03

1:20

ip Sheet:

Date:
April 1992

Kumuduni

Designed by: R. St. & H. Pf

Drawn by: Amendments

Date: By:

List of materials

<ey-pointing

P

hed

.'3/4-)
(3/4")

cement bags

Sifi 3
sand m

metal m

C32S523) W r f 3
stones m

rebar a 6mm ^

steel door

& ep3. 2S5C saSz^dj,

G.I. pipe fittings

A aScnw
Type A

9

1.2

1

1.2

10

1

no

TypeB

7

0.9

0.8

1

6

yes

B sea.® 80 x 60 SG (sea.®. 45 x 60

45 x 60

Note:
Type B is recommended for collection chambers by altering the measurements
from 80 x 60 cm to 45 x 60 cm
The same size 45 x 60 can be used for pressure break chambers if no float
or ball valve is needed.



G.I. «>o eaea 0 ®.S. 20 G.I. pipe and sockets 0 20 mm

0 $$ 25 G.I.
G.I. pipe and tee 0 25 mm

SisQza

baffle plate

A - A SECTION A - A

inlet

size of outlet ace. to distr. ratio and
hydraulic calculations (reduction might
be required after distribution)

PLAN VIEW



Distribution ratio

1 :2

1 :3

1 :4

1 : 2 : 3

2 : 3

2 : 5

2 : 3 : 4

2 : 3 : 4 : 5

So§s 25X5SC SsftaSexa ®.S. ©@zrf Diametre of outlets in mm

25

32

20

25

25

25
20

50

63

50

40

32

25

25

20

25

20

63

2x50

75

63

50

32

32

32

50

40

63

50

50

Ph

Sc

<x»e><5«Se3 Example of distribution

= 2:5

Distribution ratio (according to hydraulic calculations = 2:5)

©C 9o&a®encs ®® 25 csra ©@ 63 saoJ ®® 20 eaen ®® 50
Diameter of outlets: either 25 mm and 63 mm or 20 mm and 50 mm

Important:
The tops of the outlet elbows have to be on the same elevation / level.



JSS<5« DISTRIBUTION CHAMBER

l ie:

its®
p Sheet:

C - 04

1:20

Date:

Drawn by:

Designed by:

April 1992

Kumuduni

H.Pf

Amendments

Date: By:

List of materials

MM

3/4 ®LOC?

^5 © ® 6 2

G . I . 2S5C

cement s ^ s o

sand

o>(̂  metal

i&zag,) stones (shaped)

, reinforcements 6 mm

H baffle plate

G.I. pipe

bags

M3

M3

pcs

kg

5

0.5

0.3

250

1

1

yes



"concrete 1:2.5:4 (3/4") top floated

fy q §
precast concrete slabs 1:2:3 reinforced 0 6mm, d

^:4 (:*/4") iaa:is1'igO Concrete 1:2:5:4

X - X

V !

outlet

n
H !—

i !-

b i n

p

I I
• ! i-

baffle plate

15
it™::

' I washout/over flow 0 40mm
j

inlet »

5 30
U

A -

30 J ,
r

5

PLAN VIEW



0 d = sea.®. 15
15cm 15 crosswise

1:4

;onry 1 A, out side key pointing

sea MEASUREMENTS/DIMENSIONS IN CM

A

B

C

D

E

isdjsS®a 2^3d<2d' fi3Sa>j£i Volume of silt box

300 L

170

100

150

50

75

400 L

170

100

160

60

85

500 L

190

120

170

70

95

600 L

205

135

175

75

100

700 L

210

140

185

85

110

800 L

225

155

185

85

110

Note:
Sizes of inlet and outlet according to hydraulic calculations.



(A
SILT BOX (TYPE A)

300 Q. 0 800 Q. Volume 300 L - 800 L

in No.

ale:

003® C325)cs:

-•p Sheet:

S-01

1:20

Date:

Drawn by:

1992

Kumuduni

Designed by: R. St. & H. Pi

Amendments

Date: By:

List of materials

S^eJzrf̂  cement oanjOo bags

? u)-.)BS sand m3

JĈT ̂ ( i metal m3

uici1 »>ifi line stones pes

u\J' ratg corner stones pes

_oL2rf̂ ® rebar 0 6mm kg

Q KTSBÎ I baffle plate pc

entrance door pc
60 x 60 cm

«,<fcstow -^06^ oSwu volume of silt box

300 L

11

1.2

0.5

240

45

5

1

1

400 L

13

1.9

0.6

260

55

6

1

1

500 L

15

1.8

0.7

310

65

7

1

1

600 L

16

2.1

0.8

350

70

TB

1

1

700 L

19

2.4

0.9

390

75

9

1

1

800 L

20

2.8

1.0

420

85

10

1

1



I.-2.5:4 (3/4") o

Concrete 1:2:5:4.

1:2:3(3/4")

manhole cover concrete
1:2:3 top floated

1:2:3 (3/4") 5-@. S 0 d = Odf
precast concrete slabs 1:2:3
reinforced 0 6 , ( 1 - 15 cros

/£vi6 6sP)ui 1:4

X - X eadeaj ©elf
SECTION X - X

uncoursed rubble stone masi
1:4, out side key pointing

, ,-. ^4' ,.4,...

4 coats of plastering

ipping 1:3 + cement pasle

baffle plae (removable)

out let

PLAN VIEW



?i6a tie;.®. 15

iwise
A

B

C

D

E

Volume of si[t box

300 L

170

100

82

50

57.5

400 L

170

100

92

60

57.5

500 L

190

120

102

70

67.5

600 L

205

135

107

75

75

700 L

210

140

117

85

77.5

800 L

225

155

117

85

85

0 5.3. 6 G.I. SlfctS C3B1 " T " i»5)O-
Gl pipe and tee 0 25 mm

ui/stoi ej3 <s/QL/& existing ground level

Y - Y
SECTION Y



(B
SILT BOX (TYPE B)

300 &. S 800 g. Volume 300 L - 800 L

•Ian No.

Map Sheet:

S - 02

1:20

Date:

Drawn by:

April 1992

Kumuduni

Designed by: fl. St. & H. Pf

Amendments

Date: By:

-

List of materials

StieisW cement ^JJMOO bags

Jtfi sand m3

~j(,Oĉ  metal m3

^'^ tri(f line stones pcs

ief crtcf corner stones pcs

Ji.6<s>cs^ii® rebar 0 6mm kg

jitjza OT^Ljbaffle plate

nc caSs '̂it G.I. pipe/fittings

Volume of silt box

300

10

1

0.5

200

30

4

1

yes

400

11

1.3

0.6

220

40

5

1

yes

500

13

1.5

0.7

260

50

6

1

yes

600

14

1.8

0.8

290

55

7

1

yes

700

16

2

0.9

320

60

8

1

yes

800

17

2.3

1

350

70

9

1

yes



CA 1:2.5:4 (3/4'
concrete 1:2.5:4 (3/4") top floated

X - X SECTION X - X

LD

O

X ^

8iJgo outlet

30

I I

60 30

jnl

washout/overflow .0 50

R —

A =

PLAN VIEW



LU

o
CM

(3/4") 0 ®@ 6 d = <s».®. IS
Drecast concrete slabs 1:2:3,
reinforced 0 6mm, d = 15 cm. crosswise

stone masonrv
1:4, out side key pointing

© 4 coats of plastering

®n)di 1:4 SsaizdjS Big

1:3

topping 1:3 smoothed with cement paste

.1:2.5:4 (3/4") <s

Concrete 1:2.5:4

MEASUREMENTS / DIMENSIONS IN CM

A

B

C

D

E

Volume of silt box

1000 L

277

117

167

85

110

1200 L

293

133

172

90

115

1500 L

310

150

182

100

125

2000 L

341

181

192

110

135

30 Note:
Sizes of inlet and outlet according to hydraulic calculations.



(A
SILT BOX WITH VALVE CHAMBER (TYPE A)

1000 - 2000 Q. Volume 1000 L - 2000 L

Jlan No. S-03

icale: 1 :20

Date:

Drawn by:

7992

Kumuduni

Designed by: ff. Sf. & H. Pf

Amendments

Date: By:

List of materials

StosisrfsS cement bags

c)u3 raoSS sand M3

3 / 4 ^ metal M^

eizfl M(.f rau6 line stones pcs

£jcf wcf Z3>i6 corner stones pcs

; 6 c ^ t ^ © rebaro6mm kg

OTsnfy baffle plate pc

eSSii© <it,i6 entrance door pc
60x100

1000 L

22

2.9

1.3

450

90

12

1

1

Volume of silt box

1200L

24

3.1

1.4

530

105

14

1

1

1500 L

26

3.5

1.5

600

120

16

1

1

2000 L

30

4

1.7

870

150

19

1

1



E = E =

o

o
CM

l:2.r.:4 (3/4")

1:2:3 (3/4")
Manhole cover, concrete 1:2:3 top floated

\A X x V W
yy\A X x v concrete 1:2.5:4 top floa

inlet

1:2:3 (3/4")
= ti«.®, 15
precast concrete slabs 1

stone masonry 1:4, out

4 coats of plastering washout
0 50 mm

topping 1:3, smoothed v

Concrete 1:2:5:4

X - X eadsai ©el̂ cs ©5335® SECTION X - X

baffle plate

15

outlet

30

u

n
inlet

washout/over flow 0 50 mm

B =

A =

30

PLAN VIEW



1:2.5:4
ed

2:3 re-rods 0 6, d = 15 mm crosswise

;ide key pointing

1:3
'ith cement paste

MEASUREMENTS / DIMENSIONS IN CM

A

B

C

D

E

Volume of silt box

1000 L

220

150

122

85

82.5

1200 L

230

160

127

90

87.5

1500L

250

180

137

100

97.5

2000 L

285

215

147

110

115

Note:
Sizes of inlet and outlet according to hydraulic calculations.

G.I. StOQQti o»s 0 25 i ® SJ
Gl pipe and tee 0 25 mm

esj® ifflOoa existing ground level

washout/overflow

Y - Y SECTION Y - Y



SILT BOX (TYPE B)

§32® J© 1000 Q. 0 2000 Q. Volume 1000 L -

"•Ian No. S - 0 4

••iSSb-eScs: . _ . - ,

;cale: 1 =20

Zap Sheet:

Date: H

Drawn by: Kumuduni

Designed by: R. St. & H. Pf

- 2000 L

Amendments

Date: Byr

§©is ciSd'aga List of materials

.n

B<ie)zr5?S cement (SIKMOCJ bags

Oifi sand M3

3 / 4 ^ metal M3

E3i.jft cncf line stones pcs

Sjd" tflcf corner stones pcs

cj;.cjMi,zrf̂ ]@ rebar 0 6 mm kg

b>iLii£> ?jiai^j baffle plate pcs

sic ^S^di . G. I . pjpes fittings

Volume

1000 L

19

2.5

1.2

380

75

11

1

yes

1200 L

21

2.7

1.3

410

80

13

1

yes

of silt box

1500 L

23

2.8

1.4

480

85

15

1

yes

2000 L

25

3

1.6

570

90

17

1

yes



X - X

7LL- M

\

baffle

L— iD\
\
X)

\

tf drain

U

inlet

' washout/overflow
0 50 mm

60 30 B 30

A =

PLAN VIEW



:2:5:4 top floated
C? 1:2.5:4(3/4*)

zarog 1:2:3 (3/4") 0 ®g 6 d = sea.®. IS

'precast concrete slabs 1:2:3 reinforced 0 6mm, d = 15cm crosswise

3Q eooxSzSrf

stone masonry 1:4,
out side key pointing

topping 1:3 + cement pasle

concrete 1:2.5:4(3/4")

SECTION X - X

®&M. MEASUREMENTS / DIMENSIONS IN CM

A

B

C

D

E

Volume of silt box

300 L

235

75

132

50

75

400 L

245

85

142

60

85

500 L

250

90

152

70

95

600 L

265

105

157

75

100

700 L

265

105

167

85

110

800 L

275

115

167

85

110

Note:
Sizes of inlet and outlet according to hydraulic calculations.



(A
SILT BOX WITH VALVE CHAMBER (TYPE A)

300 Q. 0 800 fi. Volume 300 L - 800 L

S-05

1:20

eet:

Date:
April 1992

Kumuduni

Designed by: A St. & H. Pf

Drawn by: Amendments

Date: By.

List of materials

"i cement bags

sand stoSS M3

° c metal 20 mm

line stones pcs

corner stones pcs

_ rebar 0 6 mm kg

]-&u baffle plate pcs

, entrance door pcs
60 x 60 cm

Is

300 L

14

1.5

0.6

300

60

7

1

1

400 L

16

2.0

0.7

340

75

8

1

1

a Volume of silt box

500 L

17

2.3

0.8

400

85

9

1

1

600 L

19

2.5

0.9

430

95

10

1

1

700 L

20

2.7

1.0

510

105

11

1

1

800 L

22

3.0

1.1

550

120

12

1

1



aedfibafeg azaasi^O amg 1:2:3 0 S® 6 ®S<5 an#5§® aes.i. 15
precast concrete slabs 1:2:3 reinforced 0 6, d = 15 crosswise

annc c concrete 1:2.5;4 reinforced
0 6, d = 30 crosswise <M

CTOCI 4 2S2rf (as! cic

uncoursed rubble stone masonry 1:4, out side key pointir

topping 1:3 + cement paste,

Concrete 1:2,5:4
X X X

X - X ta ©£3^© SECTION X - X

s

s

s o
CO

ifUdOnin Vi£J> t

TV

\ /
S--J

\ s

9&>j'i;:>c) sain S J i J i j wash out & over

._._ JtD
\/

rain

30 + 70
•f^H

c =
B =

A =

30

PLAN VIEW



Y - Y

SECTION Y - Y

MEASUREMENTS / DIMENSIONS IN CM

A

B

C

D

E

Volume of tank

2 M 3

310

300

140

120

55

3 M 3

380

370

210

120

55

4 M 3

400

390

230

145

80

5 M 3

455

445

285

145

80

Note:
Sizes of inlet and outlet according to hydraulic calculations.



(A
STORAGE TANK (TYPE A)

2 - 58 3 Volume 2 - 5 m3

T - 01

1:25

Date:
»pr//

Kumudunl

Designed by: /?. Sf. & H. Pf

Drawn by: Amendments

Date: By:

List of materials

Ss®i2rf^ cement <a?a>»Q0 bags

Si6 sand M3

esizS KICJ lime stones pcs

Dcf cr>cf corner stones pcs

tasfca c«cf unshaped stones M3

3/4* a»i(jcf cncf metal 20 mm M3

©idmtjrfa© rebar o 6 mm kg

8Sa§S a^id enter door 60 x 100 pcs

ds. «fS. OTC Q.I. pipes 1/2" M

Volume of tank

2m3

30

4.2

1950

150

1.5

1.5

17

1

2.4

3m3

36

4.8

2150

150

1.7

1.9

24

1

2.4

4m3

40

5.6

2450

180

2.0

2.1

31

1

3.0

5m3

45

6.1

2650

180

2.3

2.4

38

1

3.0



10 20

a 6«fi -a^6,6iO 4 coats plastering
I I

uncoursed rubble stone masonry 1:4, out side key- pointing

topping 1:3 + cement pasle

Concrete 1:2 5:4. A ki

X - X ©C32)® SECTION X - X

o
CO

C7>

o

to attached or separate
valve chamber

X

J 30 c =
B -

30

A =

PLAN VIEW



50 x 70 g} § ®
concrete manbole cover 55 x 70 cm, reinforced

g q ^ crag 1:2:3 0 ®® 6 sSd ffinsig® ®£s.®. 15
precast concrete slabs 1:2:3 reinforced 0 6 mm, d = 15 crosswise

concrete 1:2.5:4 reinforced 0 6 mm, d = 30 crosswise

d. era. aoegsi BUS OI°J9 <fq>e
lock with G.I. pipes (1" or 3/4 ")

10i 20

Y - Y ©elfcs SECTION Y - Y

MEASUREMENTS/DIMENSIONS IN CM

A

B

C

D

E

Volume of tank

2 M 3

210

200

140

120

153

3 M 3

280

270

210

120

153

4 M 3

300

290

230

145

177

5 M 3

355

345

285

145

177

Note:
Sss^^ioasi c

Sizes of inlet and outlet according to hydraulic calculations.

63 lC
Plar

Sea

Mas.

.1

1
1
1

1
1
1
1

55 ~i

5m3

I
i
1
I
i
i

_ . i

o
>*

76

1
1
1

1
1

1
1

. .

4m3

!

i 70 i 6 0 i 6 0 i 60^

3m3

PRECAST CONCRETE SL--



O1P2&C5 ( B

STORAGE TANK (TYPE B)
2 - 5© :i Volume 2 - 5 m3

T-02

1:25

Date:
April 1992

Kumuduni

Designed by: ft Sf. A H. PI

Drawn by: Amendments

Date: By:

List of materials

Sto©KftS cement tira^Oo bags

Oi/^ «id line stones pcs

^ d ' ^ d ' corner stones pcs

tj;cto tf>d' unshaped stones M3

bi& sand M3

3/4"o((j(-i' «i(J metal 20 mm M3

b(ityii.'^t)Si rebar 0 6 mm kg

Volume of tank

2 M 3

21

600

100

1.3

3

1.5

19

3 M 3

25

700

100

2.0

3.5

1.7

26

4 M 3

28

850

120

2.4

3.8

2.0

33

5M3

35

900

120

2.8

4.5

2.5

40



ID ,

PLAN VIEW

MEASUREMENTS / DIMENSIONS IN CM

A

B

C

D

LU

Volume of tank

6.5 M 3

300

230

40

120

90

8M3

340

270

80

120

90

10 M 3

380

310

120

130

100

12 M 3

400

330

140

140

110



1:2:5 (3/4") ®® 6 0 sSd câ s5§® ea.8.

« •

n
Q

in

1:2:3 4(3/4")
precast concrete slab 1:2:3 reinforced 0 6, ,
d = 15 crosswise
concrete 1:2.5:4 reinforced 0 6,
d = 30, crosswise.

Y - Y SECTION Y - Y

Sizes of inlet and outlet according to hydraulic calculations.

CM
CM

\

ir¥?<

^

o
CM

y JIIIXIIIJ

climbing iron

I
1:4

uncoursed rubble stone masonry
_1:4 outside key pointing

Qu3
_ 4 coats of plastering

topping 1:3 cement paste-^

o
o

LU

X - X SECTION X - X



V 1

(A
STORAGE TANK (TYPE A)

6.5 - 12® 3 Volume 6.5 - 12m3

ka:

•eet:

T - 03

1:30

Date:
April 1992

Kumudunl

Designed by: R. St. &H.P1

Drawn by: Amendments

Date:
SSirf
By:

con List of materials

S@®s5zS

e32iS2Ji a i c f

&i<3a>ijrf£)@ 6 © §

83B&© &$i6

6. 4fS. me 1/2"

cement (asjoOu

sand

line stones

corner stones

unshaped stones

metal 20 m.m.

rebar a 6 mm

enter door 60 x 100

G.I. pipes 1/2"

bags

m3

pcs

pcs

m3

m3

kg

pcs

m

6.5m3

68

82

3500

220

3.2

4.1

48

1

3

Volume

8 m3

73

9

3700

230

3.6

4.8

53

1

3

) at tank

10m3

81

10

3900

240

4.0

5.6

61

1

3.5

12m3

89

11

4100

250

4.5

6.3

65

1

3.5



inlet

6ig> 4 coats plastering

uncoursed rubble stone masonry 1:4, out side key pointing

topping 1:3 + cement paste

1:2.5:4 (3/4")
Concrete 1:2.5:4 (3/4")

X - X SECTION X - X

to att;
valve

30 c =
B =

A =

30

PLAN VIEW



a.®. 50 x 70 ®8do>ijrf§) s ^ a
concrete manhole cover 50 x 70 cm, reinforced

«».®. 15g g ^ zarag 1:2:3 0 8® 6 ®ec5 g
precast concrete slabs 1:2:3 reinforced 0 6, d = 15 crosswise

1:2:5:4 Sidcoirfg GISJDES^S 0 8® 6 edrodcs ses.S, 30
concrete 12:5:4 reinforced 0 6, d = 30 crosswise

& <f3. aoagjrf es^ Spas qqjc
lock with G.I. pipes (1" or 3/4 ")

JO,
"jo.

ched or separate
chamber

Y - Y
SECTION Y - Y

A

B

C

Volume of tank

6.5 M3

325

315

255

8 M 3

385

375

315

10 M3

460

450

390

12 M3

540

530

470

esu
PI-

Sc

3
(0
UJ

^^tV
cc

8

u
UJ

0.

1

1

1
1

1

8 M3

- J -
I 80 i 63 j 63 , 63 , 63

J 80 j 66 j 66 J 66 ., 66 J 66 .
-1* t1 T T T v—

- _ - —

— —

. —

— .

—

12

- -

M3

I

I
I
1

_ J
J 80 • 68 j 68 j 68 si 68 î 68 si 68 .

Note:
Sizes of inlet and outlet according to hydraulic calculations.



(B
STORAGE TANK (TYPE B)

533®»£ 6.5 - 12 i 3

Volume 6 . 5 - 1 2 m3

;g©£fo2ffiC3:

nNo T - 04

1:25

Date:

Drawn by:

Designed by:

April 1992

Kumuduni

R. St. AH.Pf

Amendments

Date: By:

o
CT)

List of materials

SfeairfsS cement aaruOu bags

fc>(£? s a n d m 3

O(.?S tficf line stones pcs

e;<ste> wx/ unshaped stones m3

^cf ^ t f corner stones pcs

3/4 feiucJ1 t-ocf metal 20 mm m3

biCun&U® 0 6 @ S rebar 0 6mm jfiyi, kg

a. ,2 . ^ , ^ ^ Q ( . m l o c k

Volume of tank

6.5 M3

42

55

1050

3

150

3

45

yes

8 M 3

48

6

1200

3.2

160

3.5

50

yes

10 M3

55

7

1400

3.5

170

4.0

55

yes

12 M3

63

8

1600

3.8

180

4.5

60

yes



1:2:3
manhole cover concrete 1:2:3

0 @i

wall steel bar 0 8

0 @© 8 send" 0 ©©
foundation steel bar

eventually attached or
separate valve chamber

; s.

A - A SECTION A - A

PLAN



PLAN REINFORCEMENT

A (radius)

(Safei^racs)
B (diameter)

C (wall height)

(scafcaQ ces)
D (dome height)

E (water level h.)

(e3©g£«S c63)
F (total height)

2 M 3

80

160

110

30

100

140

4 M 3

110

220

120

40

110

160

6 M 3

130

260

125

40

115

165

8 M 3

140

280

140

40

130

180

10 M 3

150

300

155

50

145

205

15 M 3

175

350

170

50

160

220

®&M. MEASUREMENTS / DIMENSIONS IN CM



STORAGE TANK FERROCEMENT
2 - 15®3 (esucgi" «p°2S> 1) Volume 2 - 15m3 (Drawing 1)

Plan No. T - 05

scale: not to scale

Map Sheet:

Date:
April 1992

Drawn by: Kumuduni

Designed by: H. Pf

Amendments

Date: By:

£3*5$ «foss 06

MATERIALS SEE DRAWING NO. T-06



FOUNDATION/WALL/ROOF/DETAILS

II
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D
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O
CM

\

Chicken ME

0
r- \

LU

E

he
i

>(B

«5
S

*•)
I . )

( 1 )

"°
•5)

spacer 0 6 mm roof steel bar 0 or 0 10 mm

water level

—SBKBCT z=>®Si

wire0 3.5 mm

ciodtaai chicken wire, mesh 1 layer

plain wire 0 3,5 mm d = 32 mm

S'

fi
1 rf f;KU

chicken wire mesh, 2 layers up to 1m
050 mm OTfita

pvc pipe 0 50 mm

(support pipe)
_ 0 S® K <»is*f 0 ®®

wall steel bar 0 8 mm or 0 10 mm

0 ©@ a BBvf 0 ®® io
"foundation steel bar 0 8 mm or 0 10 mm

l:Z.r>:4 (3/4")
-foundation concrete 1:2.5:4

1:3 8<a«;.itfi zn'u6-*5& topping (wet/wet) 1:3

So

1:3 C--X «a.3.) I a-

Plastering: Outside wall:
1 coat 1:3 (2-3 cm.) cover reinforcement / surface rough
2. coat v.3 (1-2 cm.) apply same day after 1. coat has sef/surface floated
Inside wall (after 3 days)
1 coat 1:4 (2-3 cm.) cover reinforcement / surface floated
2. coat cement paste (same day)
Roof
1. coat 1:3 (3-4 cm.) cover reinforcement / surface floated
2. coat 1:3 (2-3 cm.) apply inside after 7-14 days/cover reinforcement



®sa.S.

tt©e»2» REINFORCEMENT TABLE

MEASUREMENTS IN CM

foundation
epa5z$£b<5a>

5

40 n ] 40

wall

roof
Scsefe

spacers

ShrfcotfrigS 0

ffi>tp)g 05*5235

©tdtfusig® 0

25>lS>5 «5*5235

Sl.dcai.Bjg® 0

ffi>lS(3 C5«S$2>5

2SlSi$eff l> ^05

Oidcji^ig© 0

S>lR>lfi C5«*iS5

Oi<3o5i35°g® 0

length/pc

steel bar a

total no

length/pc

steel bar 0

total no

length/pc

steel bar 0

total no

length/pc

steel bar 0

total no

steel bar
6 mm

2

85

8

11

165

8

11

90

8

9

160

8

2

10

M3

mm

mm

mm

mm

ml

4

85

3

14

175

8

14

120

8

12

220

8

2

15

M3

mm

mm

mm

mm

ml

6 M 3

85

8 mm

17

180

8 mm

17

140

8 mm

15

260

8 mm

2

20 ml

8 M 3

85

10 mm

18

195

10 mm

18

150

10 mm

16

280

10 mm

2

25 ml

10 M3

85

10 mm

19

210

10 mm

19

160

10 mm

17

300

10 mm

2

28 ml

15

85

10

23

225

10

23

185

10

21

350

10

2

35

M3

mm

mm

mm

mm

ml

Plar

esS<

Sea

Ma-



STORAGE TANK FERROCEMENT
o3«s>3© 2 - 15@3 (e3ucs® «fo2a 2) Volume 2 - 15m3 (Drawing

?No'offlu' T - 06

e: not to scale

»Sheet: ""*"

Date:

Drawn by:

Designed by:

•">» eiSdag© List of materials

cement

sand

3/4" ©iJ-HJ1 (̂ IQJ1

netal

.tones unshaped

>lain wire 3.5 mm

)inding wire 0.8 mm

jhicken wire mesh, a - 90 en

einforcement 0 6 mm

•einforcement 0 8 mm

reinforcement 0 10 mm

(bags)

(m3)

(m3)

(m3)

(kg)

(kg)

(m2)

(kg)

(kg)

(kg)

2 M 3

7

0.8

0.3

0.4

15

4

17

3

16

April 1992

Kumuduni

H.Pf

Amendments

4 M 3

12

1.3

0.5

0.7

20

4.5

25

4

22

6 M 3

16

1.7

0.7

1.0

25

5

28

5

30

8 M 3

18

2.0

0.9

1.2

30

5.5

35

6

50

2)

Date:

10 M 3

22

2.3

1.0

1.4

35

6

40

7

56

By^

15 M 3

28

3.1

1.3

1.9

40

6.5

50

8

73



«}3 «0d§>
existing ground level

wing walls ace. to ground level

ev. over flow or

A - A &)6tni @dŜ c3 ©sag® (A

SECTION A - A (VAR. A)

side walls ace. to ground level

existing ground level

ev. over flow or wash out

A - A e»(3&*> @$Î GS ©SS^® (VAR

SECTION A - A (VAR B)



^
%* A

B

C

2-5 ®2 <£>«>©;> Ov&aO

Tap att. to st. tank 2-5m2

190

180

120

6-5 ®2 t a a e j OioZScsO
tt§25>© 2Sd:i®CS

Tap att. to st. tank 6.5-12m2

220

210

150

S3.

PI

53'

s.

MEASUREMENTS / DIMENSIONS IN CM
M

vash out
-r-V

ev. over flow or wash out

H
!!

storage tank or valve
chamber

!' *

PLAN VIEW



TAP ATTACHED TO STORAGE TANK

A » i B &<3<ac3 TYPE A AND B

V - 01

1 :20

Date:

Drawn by:

Designed by:

April 1992

Kumuduni

ft St. &H.P1

Amendments

§33 C3

Date: By:

List of Materials

***** cement bags

SJ6 sand M3

3/4"
®iOd corf m e t a l M 3

dd i eid shaped sto. pcs

eszdffi) rarf rubble pcs

Top attached to

st. t. 2-5 m3

var. A

5

0.5

0.9

350

900

var. B

4

0.4

0.9

150

900

St. t. 6.5-12 m3

var, A

6

0.7

1

400

900

var. B

5

0.6

1

200

900



86"

STAND POST 86II

Plan No.

Scale:

V - 02

1:20

Map Sheet:

Date:
>4pr//1992

Kumudunl

Designed by: R. St. & H. Pf

Drawn by: Amendments

Date:
• as-

By

tun List of materials

Bs®z&8

3/4" ©icJtf cacf

ES. cp3. sy>c

cement ®s

sand

metal

-uSO bags

m3

m3

shaped line stones pcs

unshaped stones pcs

rebar 0 6mm

G.I. pipe 1"

kg

cm

3.5

0.3

0.45

1

200

4

30



flat stone level wtih plastering

PLAN VIEW

1:2:3 (3/4")
concrete 1:2:3 top floated, all edges bevelled

topping 1:3.+ cement paste

1:2:5:4 (3/4")
concrete 1:2.5:4 top floated (3/4")

I

A - ©o^® SECTION A - A



PLAN VIEW



PI

a-;
M

epic MiStf© esizag 1:2 Se®sitS

topping -1:2 wet/wet edges beveled

1:2:3 (3/4") concrete 1:2:3

1:2:3

0 @§s 20
G.I. pipe elbow 0 20 mm

fauchet socket /

S.3.S. me 0 ©@ 20
p.v.c. pipe 0 20 mm

A - A SECTION A - A

(1) z55dj®

(2) 1:2:3 (3/4")

(3)

sea.®. 9 aadsrfsss.

. 12

Step (1) cast 9 cm of concrete below the stand pipe.

Step (2) cast stand pipe pillar : concrete 1:2:3

Step (3) (The next following day) remove formwork and cast remaining part of s
slab (12 cm; apply lopping and cement paste



88"

STAND POST 88'

=>nNo.

:ale:

V - 03

1:10

?p Sheet:

Date:
//1992

Drawn by:

Designed by:

Kumuduni

H.Pf

Amendments

Date: By:

List of Materials

with wash out

with out washout

S<3a>2)fcfl cement <s

big, sand

©iDcf wd metal

sajOO bags

m3

m3

2a(.^d unshaped stones pcs

Ŝ <?3- G.I. pipe

f•J.
<f3-. G.I. elbow

0.75"

0.75"

totoftao f a u c n e j socket

soti)© tap 0.75'

1.75

0.15

0.20

150

2.5 cm

1 pc

1 pc

1 pc

and pipe


