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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 Sinhaia)

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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€ 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
struggie.

Besides the traditional hand-dug weils, 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 Guideiines

- 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.

.7-



€©) 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
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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.



Below there is another drawing which illustrates the occurrence of springs:

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

WHEN WATER TABLE SINKS
LOWER THAN SPRING)

(YIELDS WATER
ALL YEAR ROUND)

(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. ‘

-10-



@) 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.

-11-



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 coliforms 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 Trg_a_jmgn:d

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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© 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, measuredin sq. millimetreg [mm2], sq. centimetres [cm2]
or sq. metres [m=]

m
F = Force, s the effect of gravitation (g = 9.81 “g) on mass (kg),
therefore: $
m kg x m
Force=mxg=1kgx9.81 =981 =9.81N,
s2 s2

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 [ mm2],
kilo-Newtons per sq. metre [kN/m<] or Pascal [Pa] resp.
kilo-Pascal [kPa].

1 N/m2 =1 Pa (= 0.1 kg/m2 or 1 x 10-2 kg/cm?)
1 kN/m? = 1 kPa (= 100 kg/m?2 or 1 x 10-2 kg/cm?)
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Pascals are also used 10 classify PVC pipes. The expression 1SO Type 1000
means: pipes conferring to the International Standard Qrganisation 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:

F
P =—
A
F=mxg S
o =1N (=} : i
o =3 :
- |
\‘._..__ ..ar‘—-—
Area = 100 mm?2 Area = 100 mm?2

p=F=_1 = 0.01 NNmm2 =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:

Pa N/mm?2 m of head ) kg/om?
B .1_Pa 1 1x10-6 ~1x10-4 | ~1x10-5
1 N/mm?2 1x106 o 1 ~100 10
1 m of head ~1x 104 ~ 1x10-2 1 0.1
1 kg/cn? ~1x10° = 0.1 10 I

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
l Static
0

Level
5 +
Tank § o
g |5
= = (o
c A FARS
2 15 |
©
>
2 4
w 201 B
$
% 25 |
@
30 + Valve closed
35 ¢ c
Point A B C
Static Head [m] 10 19 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:

Level of Water Surface in Tank

ety |

Static

e

22m

Relative Elevation (m}
T

Pressure Head in
Point C

a5 i Small Flow c

Relative Elevation (m}
Dynamic Equilibriums

Pressure Head in

Medium Flow

o] ‘{ |} i | IL Static
Level

10

15 1

207

Relative Elevation (m}
gm

25 +

Pressure Head in

Point C

30 +

35 i Large Flow c
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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:

Velogity 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 (I/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 LD Ration |
Tea run - side R 68
run - run | 27
Elbow single 33
double, same direction 66
doubb,oppoé;;dwecﬁon | 132
double, three dimensional 99

Union “ 7 -
Gate valve (fully open) 7
Scr(-,;ened entrance | ” 150
Free éﬁtrance 29
Reduction | | 15

Example: What is the equivalent pipe length of a 32 mm elbow (single)?
L/D Ration =33 : 33x32=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:

T .
Break Pressure Tank
Storage Tank 1 \ /
Source Break Pressure \ Distribution Line
/ Tank Distribution Chamber \
[ !%: :'_'.1_ /
1 -0
: / N
Silt box Valve Box \\
Supply Line
- Source Line o0 Standposts
(0]
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 710 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 fora GWSS: water rights. 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.|f
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 7.710.2 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 10 - 15 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.

Do



@) 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 I/s it 0- 80 users per tap
0.2 I/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 5-10m
acceptable 10-15m
— BPT, Storage Tanks: 10-20m
- 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

CARRY OUT

Preliminary Survey......... "

Form A
Form B ({to be compmsd by vinagars)

- Project not feasible -
- Further EWWMW
required ,

7

CARRY QUT

Form'C

Situation Plan (18t mlon)_

Situation Plan (15t vérsion). -

v

Pressure Limits.in Pipes -

- Malnunes mom

1

2 Taps
- - Sedimentation Chamber-
= BPT(8)
s smrage'l"ank(u)

Distribution Chamber {s) -

= Valve,Chamber (s)

=--Alignment of Pipeline (s) .

Ref. 7.4

Ref. 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. 75.3



[ CARRY OUT [ Ref. 7.5.3

“b) Hydmuné Survey i

“Eorm .. o

- Pop..Growth Rate
- Pop. Growth Mmr \\\\

,,,,, L\\

§ AsSUME [ESEERSRLTN Ref.7.6.4

Water Nmndm A5 4c
e, M/d i amdmt

Ref. 7.6
7.6.1
7.6.2
7.6.3

wan

4

: g ey
\.“Total wﬂt&r’ mm s

Tone, R L

Ref.7.6.5

Ref, 7.6.6

\\\\\

Feesibility of Praject

. Sources required
bt : PFM m bﬂ/
“cancelled

- Additional Water

NO
Avaliable Water
2 Demanded Water.

ASSUME ,,,,, g G i, iy ! Ref. 7.7

Tap Flow Rates.: “0,10. I/s of" _
g M)

FILL lN i o g, : g, P m., '.',, K \:\ \’\’
[ G g

W j W Ref, 7.9.1

‘Flowdiagram on Form H.,

- :




¥ caLcuiae Ref. 7.9.1

Ref. 7.9.2

Ref. 7.9.2

inrease s of

Outiet Pipe

Ref. 7.9.3

_BPT withiwithout Bali Vailve

Ref. 7.10.2.2




-
FoaicuLre

‘Hydraulic. Calcunmon of
‘Pipelines

Form t

Standard urawmg (sm nox) o

_Residual Heads

— Msiaﬂ Orifiw

e P

Residual Heau ,
0k ?

Hydmum: Pmme

FormJ

= . i e X
 CALCULATE [

Guaﬂtitles of Mamials S

Ret. 7.10. t

Ref. 7.10. 2.2

Ref. 7.11

Ref. 7.11

Ref. Standard
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 750m of any dweliing

Not more than 150 peaple (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 impc:iant structures of a GWSS. These levels can then be cross
checked with the ciii.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 : 28%

1971 - 1981 1.7 %
1981-1990 : 14 %
1980 : 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 B

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 I/c x d in exceptional cases: 30 /e x d

Schools . 6 l/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 0.910
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 “peaks” in 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 Tap Flow Rate
0-80 0.10l/s
80 - 150 0.20 I'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 F to 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:

0.2Vs

from source To

T3
0.1VUs

0.2Vs

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=3.0m/s

Minimum: v=0.5nm/s

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

] 20 l 25 32 40 50 63 75 90
Max. Q = .76 1.14 1.85 2.89 4.56 7.13 9.95 14.71
Min. Q= A3 19 31 .48 .76 1.19 1.66 245
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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
e 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

////)/‘/Z/ /V/// / PVC pipes according to hydraulic
/] 4 /

calculations; reductions might be
necessary after distribution line.
/

/| 3 o)

L

11711 —

[l \\ .
ST/ 77 /] ovets: @ of ppesielbows

according to distribution

AN ratio.
N

washout /  over flow

AUNUNAN

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:

-1:ime Period Hours % of Daily Dema_ndm

| 0500-0830 | 30 30 %
08.30 - 11.30 3.0 10% ]
11.30 - 13.30 2.0 .15 I%
13.30 - 16.00 25 10 % o
16.00 - 19.00 3.0 30.%
19.00 - 05.30 10.50 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 : 7100 m  Under the condition that PVC pipes
I1ISO 1000 are used!
- Distribution Line : 60 m

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 of BPTs.
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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:

Maximum Static Pressure Head

Main Line 100 m

Distribution Line 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:
What is the natural flow through the
pipe-line shown in the sketch on the

Static Level
left when:
HGL
§ H = 50m
" L = 475m
o
PVC pipe @ 32 mm
3
Pipeline
L =475
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=0961s

Positive Residual Head:

Static Level

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.

Positive
Residual Head

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.

Residual Head

l;




Static Level

Limits of Residual Head:

q

Sometimes, while plotting the HGL you HGL
discover that, due to the topography, the
HGL will go “underground”. See drawing.
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!

Area of Negative Pressure

Small Pipe Size

Static Level

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

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

ground. H = min. 5m Small

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: ideal 5to10m
acceptable 10to15m
- BPT and storage tanks: 10to 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 SOCKE PVC PIPE ' 3
[ ~ / Do = diameter of orifice
. _1
NP o —
ND = nominal diameter of pipe
i 4 Do
g - -l — ND Di = inner diameter of pipe
— [ — 1
L —J

LOR/F/CE 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=CxAx V2xgxH 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.
Q? Q? Q°

H= = = -
C®xA’x2xg A% x 0.6° x 2 x 9.81 A% x 7.06

Head| hrough Orifice:

Orifice diameter Headloss [m]

[mm] Flow = 0.1 /s Flow = 0.2 /s
25 58.8 2350

3.0 28.3 113.3

3.5 15.3 61.2

4.0 9.0 35.9

45 5.6 22.4

5.0 3.7 14.7

55 25 10.0

6.0 1.8 7.1
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7.10.3 HINTS ON PIPELINE DESIGN
Below you find some drawings with correct/wrong pipeline designs:

correct: wrong:

/“‘ hydraulic gradient

hydraulic gradient
. !
T~ at least 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.



I 7]
x
£l x
Large Size Pipe °
©
. - ‘B ®
Small Size Pipe § E
L-X X
L
L = total pipelength FS = Friction factor of small pipe in %
X = small-size pipelength FL = Friction factor of large pipe in %
L-X = large-size pipelength HS = Headloss of small pipe
H = Total desired headloss HL = Headloss of large pipe
X L—-X
H=HS+HL ,H8=F3X—— HL=FLX
100 100
X L-X 100xH- (F_xL)
H=Fgx — +F x — X
100 100 Fg-FL

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 HGL 4

Static Level Source 2
HGL o

e

Source 2

at Junction

HGL

Residual Head

Junction
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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 10 any interested person.

Besides the various forms to be filied 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, 1:5000, 1:10000
- Vertical: 1: 200, 1: 500, 1: 1000

All the above drawings should be kept together with all calculations and forms in one
project file.
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€ 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 7.24. The demand is
45 I/d per inhabitant and 6 l/d per
student.

The project is feasible!

FEASIBILITY OF PROJECT FORM E
Nameof Vilage: ..AthoregeWNa  preparedby: . A vidsenns.
Divigion: Designation: ALTh
Distriet: Date L T b A
Water Damand:
Number Growth Factor Daily Consumption Demand (s}
m ] ] in (3 = (Ux(2)x(3)
Wabnams 536 24 45 _%7-’/4-1"”
l Studants 105 .24 3 51
Total Future Water Demand = 30 922
Explanationa; =

(1) : Present Population
{2) : 1.24 (for 20 yaars)
(3) 145 lexd (30 1/¢ x din exceptional cazes)

Avallabla Water:

Spring 1 Spring2 | Spring3 | Spring 4 Total Yield

Max. Yield (Vs)(1) o 48 &l 4 / . &89

Min. Yield (I/8)(2) o-28 o 19 4 s o7
Explanations;
(1) : Highest yiald measured (refer to spring measuremants)
{2) s Lowest yield measured (refer to spring measuroments)
Safety factor : 0.9
Total safe yleld: 0.9 x Tot. Min. Yiek = 09. x ... &0 7 = L2423 us
Total sata yleld per day : 0.9 x Tot. Min. Yield x 86'400

- 09x 2P xes400 - LBEBAT o W

Feaglbility : Check appropriate box :
{ ] Project Feasible ; mara water available than demandad

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

Flow at Standposts / Taps:
Tap Users (1) Flow Rate Storage Tank 3 Remarks
No. | people | Pupils s @) Mo, | People | Pupis | (f)_ |
wdo | B2
A DAL
0 O
. . A&
Form F has to be filled in. Bl 280
The taps have to be assigned to the ; o
storage tank from where they get 4| (30
their water and then the number of m 'iﬁ; o
beneficiaries served by a particular o -
tap can be added up. o | e | e

Explanations:

(1) : Future users (present population x growth factor)

(2) : Mark from which storage tank the 1ap 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 I/s)

{4) ; Give specilic details ¢.9. tap for school, temple elc.

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

Source 2 Source 1

0.17 0.25
Silt Box

0.43

0.32 o

L
Distr. Chambaer Storage Tank 1

Storage Tank 2
0.1

04 T1

0.1 T4

T3




&EED {“_)1_0255‘."
Storage tar
ey School

B @0m C.)Luﬂcﬁ
Break Pressure Tank

h = 56




@mﬁzsi&i:ﬁﬂma ) D
To Menikning U

h = 62
[] O
e
So
]
J ]
T4 D

h = 108

[y

OEDEDY Oz_o@(fa
Storage tank
cee = 124

/
HSeme® pldc N
{'Distribution Chamber Ratio 1

\ 2 B0 \
e = 126 h = 125 i

N To Kukul Oya

Rd &l
To Kuku! Oya
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8.4 SEDIMENTATION CHAMBER / DISTRIBUTION RATIO

Form G has to be filled in.

Volume of Sedimentation Chamber / Siit Box:

Flow (total maximum yield, see Form E): Q= 289
Retention Tima: T =« 12008
Capacity: G=QuT= 089 x1200 = L Q68 1

Select the correct sedimantation chamber / silt box from the standsrd drawing in the manual
[ ion ana dardisatian of Gravity Watar Supply Schemes in Rural Vilages in Srl Lanka.

Selected:  Silt box with valve chamber (type A), volume = 1°000 I, standard
drawing no. S - 03

Water Demand per Storage Tank and Distribution Ratlo:

The available water has to be Sror oo Senetars D"""‘a""“’ Dsi | Howw
. . People Pupils vd ay Second actor torage
distributed between storage tank 1 Mo lel e o]l e | @ | o |k
and storage tank 2 in the ratio of | | es |45 / | 6 |8225lc0988| / |o/e58)|
t th 2 531 76 13 6 |a4'&78 0. 2pss| B & BI7R
one to three. PR I H HEN R St R y
Explanations:
(1) : No. of people (5) = (1) %(2)+ (3 x (4
(2):45 1 (30 Vd) (8) = (5) / 86'400
{3) : No. ot pupiis {7) : Distribution factor in comparisen with
(4):6 wd tha other storage tanks

(8) = Total safe vield 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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Volume of Storage Tank:

No. of Storage Tank:........

8.6 STORAGE TANKS

Inlet Qutlet
) Difterance Water Leve)
Period Q= o V8 Donoe Ul g g
Seconds ' (1) it % | {2) i, {3) )
05.30 - 08.30 10800 A X W]
08.30 - 11.30 10800 AR |10
11.30 - 13.30 7200 762 15
13.30 - 16.00 go00 | .52 .| 10
. . 16.00-19.00 | 10800 | ./ 30
Form H has to be filled in. 1900-0530 | 37800 s
Daily Inlet =, /44 B35, = Daily Demand Overllow
Volume of storage tank 1: Vi Storage Capacy = AEFS.__ 1+, ATE__nd Tankhosen . B
Tark is filled withie ........ dez hours (must be lass than 10 hours) T
Vz2oa7ms -
Explanations:
{1) = Q x seconds inet Q Flow of Inlet
{(2}=Dx% Water Level: Indicate whether + or -
(B =(1) - (2) Min. Storage Capaclty = smallest (4), (negative)
{4) » sum of (3) Tank chogan | Refer to Standard Drawings

Flow Diagram (hand skelchy.

Yolume of Storage Tank:

No. of Storage Tank:.“.g.-. ...............

{nlet Quitet . "
X y Dittgrence Watar LavelT
Period Q=23IH3 15 D =24:4% Vg il i lires
Seconds | (1) i, % (@) lit. (@) (4)
! 0530-08.30 | 10800 | 2432 | a0 | T4ed | B934 | afre
Volume of storage tank 2: 0830-11.00 | 10800 | AA2Z. | 10 [ 2448 | 2 989 | “aw
11.30 - 13.30 7200 | 2 15 H R i .
13.30 - 16.00 9000 10 TR OAD
16.00 - 19.00 10'800 30 S a3l
V 5 8 0 m3 19.00 - 05.30 a7'800 5
Daily Iniet w 2. 4T85 Overflow
Min. Storage Capacity = ... 5. S8 I = B2 m2 ; Tank chosen B
Tank is filled within .......... hours (must be less than 10 hours)
Explanations:
{1) = O x secongds Inlet Q: Flow of Inigt
(2=Dx% - water Level; indicate whether 4+ or -
(3)=(1) () Min. Storage Capacity - smallest (4), (negative)
(4) - sum of {3) Tank chosen : Refer to Standard Drawings

Flow Diagram (hand sketch):

Selected:  Storage tank 1: V =3 m3, standard drawing no. T - 05/06
Storage tank 2 : V = 8 m3, 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

Given: Max. yield = 0.49l/s
Min.yield = 0.251I/s
L = 11 m (Distance from spring to silt box)
h = 0.50 m (Difference in height between spring outlet

and silt box inlet)
Qreq. = 0.25 /s (safe yield)
Required: @ of source line and o of overflow pipe

Solution: 0.50

Headloss = =0.0455=4.6 %

11.00

Friction loss table: J = 4.6 %
—m @ 32 mMm
Q=0491/s

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

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

Source 2 - i ion Chamber:
Given: Max. yield = 0.401/s
Min. yield = 0171/s
L = 19.00 m
h = 040m
Qreq. = 0.171/s
Required: @ of source line and overflow pipe
Solution: 0.40
Headloss = =0021=21%
19.00

Friction loss table: J = 2.1 %
—m» g >32mm
Q=04I/s

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

-43-



8.8.2 MAIN LINES
Sedimentation Chamber - Distribution Chamber

HYDRAULIC CALCULATION

Namaof vitage : .. Atlansagella. Dvision: . Yeumdasele District: . KeShshed
Praparec by : A, Wilamans Designation : ....... P B Date : \9: 08, 198
Sta- Elgva- Static Dist- Flow | Desired Desired Pipe Actual Frictior: Friction Dynamic
tion/ tion Head ance Residual Headloss Headloss * Loss Chainage Head Remarks
Tap (m) {m) (m) (rs) | Head (m) (m)/Factor {mm) Factar (%) (m {m) {m)
Ha, ol pipe avallabkle wifh a foffer of| 123/
Siltborl 19¢ oo| 222 | 408 |p.433] 15.00 |60 .00 faB) = - -
Wishe.chy| 125 -0ia| &5 .00 Eompinaticy  of Aipes/

4B Tota /enqﬂ of both P:'e_ef

il bpni 19¢ 00| oo \53235 oa13| 15 oo | mess b y@s ae =47

Wiste ¢4/ 36 00| &5 -0 o .08 | Ba.oo | (5.o0 | Zomb.ofp

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

Distrihution Chamber - rage Tank 1

Pisle.ch ) 128 o) O-oo

looo | &-p ligeo oo | Ao D
slornge 1|i2k- 00| 10O ’ - -] /oo )
Selected: pipe @ = 50 mm
Distribution Chamber - Storage Tank 2
Dishical 125 00l @00l T T T aenfent| DO e mvaiiglle wit] o fachor of | o B®Y
soragey 06 00| (T 52 - saweidedion = owes / _H
— 4G7F =| Tork! | fangth &f bafh pipes
pigt. eh- © 00 Al o 3| (500 |a.onfoal = ’5":‘,5;2
slovened 19. 008 - e 16 . oo =R
Selected: pipe g = 32 mm, length = 144 m
pipe @ = 40 mm, length =353 m
Storage Tank 1 - Tap 1
Sta. T Elava- Static Dist- Flow | Desired Desired Pip.eu Actual Friction Friction Dynamic
tion/ tion Head ance Residual Headloss Headlogs Loss Chainage Head Remarks
Tap (m) {m) (m) (Vs) | Head(m) | (myFactor {mm) Factor (%) (m) (m) (m}
steraget| /24 00) ool g, oo | 435 |oasje-si o 1 7 / / /
Tap 1 | 4g oo Booo &o-7% @37 | 424 ok

Selected: pipe & 20 mm
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Storage Tank1 - Pt. A - Ta =T - T
5 . . N
h 2a00| £:90) go | odo| BEo | osekus)] w0 o487 / 4
Pt A5 00| -0 2% o010 .00 |1po/as)| 20 Iy o8 o.28 | B7a ok .
TJap 2 | 14 ee| lo-0o & A2 & Fea B ok .
t-A|ts.mel Goo | o | s | o000 |sos/sBl za Y, o-a8 o2 | 872
Tap 3| 118 wo| 14 50 ;.58 71 1374 P
Pt-A|115.00] oo 126 | eto| t000|éesjiel| 2o 1.5/ & a8 228 | B-72
Tap 08 00| 1500 -89 24% | 12388 | accept.
Selected: Storage Tank 1 - Pt A: pipe s 40 mm
Pt. A - Tap 2: pipe @ 20 mm
Pt. A - Tap 3: pipe @ 20 mm
Pt. A - Tap4: pipe 8 20 mm
Storage Tank 2 - Tap 5
Sta- Elava- Static Dist- Flew Desired Desired Pipao Actual Friction Friction Dynamic
tion/ tion Haad ance Rasidual Headloss Headloss Loss Chainage Head Ramarks
Tap (m {m) {m) (V8) | Head(m) | (m)Factor {mm) Factor (%) () {m} {mj
1 e /
| ed /o0& 00 o000 £o oo .00 o‘ae/a-élﬂ 25 Py 4
Tap 5 | 193-00| 300 &34 a3 | 2 .64 | pccap!
Selected: pipe g 25 mm
Storage Tank 2 - Pt.B - Tap6 - Tap7 - Tap 8
-
storagey /odos  oS-26 1 owo| B.oo |zoafns ) o 578 7 /-32 B2 & .68 ok -
PLd | 9900 79°1 43 (020 5.00 |1.48/574 20 Gaoos 2+ 378 Bas ok
Tap 4| TP-as| 900
PL B | 9900, Foo 4 & o /0 &0 |peslisr| 28 "5/ 432 L2 L 548
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Tap 10 - Tap 11 : pipe @ 20 mm, with orifice!
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Storage Tank 2 - Tap 12 - BPT - Tap 13 - Tap 14

& £ , — o
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Selected: Storage Tank 2 Tap12 pipe o 20 mm
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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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€ 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 | 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 70 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.

Protection Zone:

Natural forest or mixture of
different indigenous trees/shrubs

Fence t

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 callection / 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:




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 / 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 @ of 50
mm. |t 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 7 -2 %.

Above and behind the drain, a filter package has to be constructed. Washed
stones/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. 5¢m. 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 walis. 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
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Seepage water drain pipe
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2.4.3.2 Spring Catchment inV-or T - Form

Sectional Elevation
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2.4.3.3 Catchment of various Small Springs
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2.4.3.4 Catchment of Springs in Rocky Areas or Steep Hills
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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 l l l l |
GROUNDWATER INFILTRATION AREA

, IMPERVIOUS SPRING

ARTESIAN SPRING LAYER

FISSURE

Artesian Qverflow Spring 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 em, 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

Spring Catchment Supply pipe L Control or l
4 1 7T Collection Chamber 1
LEGEND
(8) no surface run off water interception drain §’

(b) unsuitable backfilling material (permeable)
{c) no watertight cover

(d) cover of water bearing soil inadequate surface water is able to
(e) top of control / callection chamber below ground pollute spring water
level

(f)  no dam or dam with too short wing-wails and/or
insufficient depth of dam foundation B

(9) " leakages from pipe joints > loss of spring water

(h) position (elevation) of overflow to high 1) { . .

(i) position (elecation) of outlet to high 1) S Zﬁﬁtﬁfﬁnﬁns;g?%'%z)
(k) insufficient overflow capacity j

Note: 1) in relation to spring horizon
2) spring may find an other outlet to overcome the obstruction
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COLLECTION 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 bevelied.
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 |

- 5-02, Silt Box (type B), Volume = 300 - 800 |

- $-03, Silt Box with Valve Chamber (type A), Volume = 1000 - 2000 |
- S$-04, Silt Box, (type B), Volume = 1000 - 2000 |

- §-05, Silt Box with Valve Chamber (type A), Volume = 300 - 800 |

- C-03, Pressure Break or Collection Chamber (type A + B)

@ 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. [t

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 m3

- T-02, Storage Tank (type B), Volume =2 -5 m3

- T-03, Storage Tank (type A), Volume = 6.5 - 12 m3

- T-04, Storage Tank (type B), Volume = 6.5 - 12 m3

- T-05, Storage Tank (Ferrocement), Volume = 2 - 15 m3, (Drawing No. 1)
- T-06, Storage Tank (Ferrocement), Volume =2 - 15 m3, (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 avaiiable.

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 & 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:

2nd day:

3rd day:

4th day:

5th day:

6th day:
7th day:

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

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

Wall formwork:  P.E. pipe @ 32 mm
Reinforcement: Chicken wire, plain wire @ 3.5 mm, spacing 2.5 cm

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.

Curing: 1st and 2nd coat on wall (outside) can harden
Curing: Cover the wall with suitable material and keep it wet
Curing: Keep the wall and the covering material wet
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8th day:  Preparation: Remove the wall formwork
Plastering: 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.

9th day: Reinforcement:  Roof steel bars
Formwork: Formwork for manhole (45 x 60 cm)
Reinforcement:  Piain wire @ 3.5 mm / chicken wire
Roof formwork:  Hardboard

10th day: Plastering: 1st coat 1:3 for roof (outside), thickness
3 - 4 cm, surface floated.

17th day -

24th day: Formwork: Remove roof formwork

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

© 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 difficuit 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 @ 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.) efc.

From our experience we recommend the following depths for trenches:

Generally: 0.60 m
Crossing minor roads: 1.00m
- Crossing main roads: 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

wrang, 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 welll
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8.2.4 BACKFILLING OF TRENCHES

As soon as the pipe has been laid, the trench should be backiilled, 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.

i e
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e

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:
d2xn
where: P = ForceinN

4 p = Water pressure in N/mm?2
d = OQuter diameter of pipe in mm

i !
Resultant R = 2 x sin ¢ x P where; R = Resultant force in N
o = Angle of bend

P = ForceinN



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 abend , 6 = 45 °, pipe @ =75 mm,

p = 0.8 N/mm?2 ( = 80 m of head)?
Solution: table below: o = 45°

@=75mm  —>thrust Ry = 1.69 kN

p = 0.5 N/mm?2
R1

p=08N/mmM2 —>R=_—_x0.8=2.70kN (=270 kg)
0.5

Also included in the table below are the thrustsona T
(branch) for the different pipe diameters for a pressure
of 0.5N/mmz2. 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'mm?
(=50 m of head) in kN (= 100 kg)

o of at Pipe at Bends with an Angle of atT-
Pipe Plug 15° 30° 45° 60° J 90° Branch
50 0.98 0.26 0.51 Q._75 0.98 1.39 0.69
_6_3_ 156 0.4 0.81 1.19 1.66 _2.20 _1 10
75 2.21 0.._‘56 ' 1.14 _ 1.69 2.21 3.12 1.55_
90 3.18 0.83 1.65 2.44 3.18 4.50 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 concreie 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 =~ 2% ™™

o serm.= 0.075 N/mm?




B)

Solution;

1.55
Table - > T-branch: P = x1.0=23.1kN
0.5
P 3100
Required thrust-block area: A o, = = X 10-2 = 413 cm?
O porm-  0.075 T

chosen:  Thrust-block 20x30c¢cm = 600 cm?

What is the required volume of the
thrust-block in the sketch on the right ?

Weight of concrete: 24 kN/m3

Solution:
o =45° 2.44
z =90 mm - »table —>P =
p = 1.0 N'mm?2 0.50
4.88
Volume of block: V=—— = 0.20 m3
— = 24 e — —

x1.0=4.88kN

chosen: 06x06x06m = 0.22m3

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 @ 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 ‘
SCREENED & NEW BACKFILL T
COMPACTED KEYED INTO GROUND”
BACKFILL

_WITH 8-10 CM STONES

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 quily, clear of the maximum flood level.

Lm NOT MORE THAN 4m . Lm“y]

Gl PIPE AN

CROSSING

STREAM

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

NOT MORE
THAN 5M

CEMENT MASONRY
ANCHORS 60 X 60 X 60 CM
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© 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, 6.70.1 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:

! } AIR VALVE

()= 3/4" X 1" Gl REDUCER "4/
1" GI SHORT NIPPLE
1" X 32 MM GIHDD
BRASS UNION

Automatic air valve
installed on HDP pipe

HDP PIPE & FITTINGS
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Alternative methods

/_SCHEEN_ED HDP VENT

1/2' CORPORATION COCK

o 1/2' Gl SHORT NIPPLE

1/2' 20 MM GI/HDP
BRASS UNION
HDP PIPE

SMALL BRASS OR
ALUMINIUM SCREW
SEALING NAILHOLE

Anti-Vacuum Valves

STATIC GRADIENT

STATIC GRADIENT
min 3C ‘ - P

' Ventilation pipe min, @ 1"

_J with return bend and sieve to
prevent pollution of water
caused by animals or dirt

Cleaning pipe

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

‘ W
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, 6.70.2 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 vaive
(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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APPENDIX 2

FORMS

Form A:
Form
Form
Form
Form
Form

Form

T T Mmoo ®

Form
Form [
Form
Form

Form

=T T x &

Form

A-M
PRELIMINARY SURVEY ... e s A2/1
SPRING MEASUREMENTS Lo e A2/2
SITUATION SURVEY ..., OO PSP PP PP TSRO A2/3
HYDRAULIC SURVEY ... s e Az/4
FEASIBILITY OF PROJECT ... e bbb A2/5
FLOW RATE AT STANDPOSTS .....cociiiiiinniiiiinirne e s A2/6
VOLUME OF SEDIMENTATION CHAMBER / DISTRIBUTION RATIO........cccooviiiiiis A2/7
STORAGE TANK AND FLOW DIAGRAM.......cor et e e A2/8
HYDRAULIC CALCULATION. ..o et e A2/9
HYDRAULIC PROFILE ... .ot e bbb r s s A2/10
FRICTION LOSSES INPVC PIPES ... A2/11
SYMBOLS FOR DRAWINGS ...t e e A2/12
EXAMPLE OF HEADER FOR SITUATION PLAN AND PIPE SCHEDULE....................... A2/13

APPENDIX 3
STANDARD DRAWINGS

Title

Number

C-o1 VALVE CHAMBER 60 x 45 cm
C-02 | VALVE CHAMBER 60 X 90 cm
c-03 BREAK PRESSURE TANK OR COLLECTION CHAMBER (TYPE A & B)
C-04 DISTRIBUTION CHAMBER i '
S- 01 SILT BOX (TYPE A), VOLUME = 300 - 8001
S-02 | SILT BOX (TYPE B), VOLUME = 300 - 800 | -

" 5-03 | SILT BOX WITH VALVE CHAMBER (TYPE A) VOLUME = 1000 - 2000 |
S-04 SILT BOX (TYPE B), VOLUME = 1000 - 2000 |

5-05 SILT BOX WITH VALVE CHAMBER (TYPE A), VOLUME 300 - 800 |

T- 01 STORAGE TANK (TYPE A), VOLUME — 2 - 5 m3
T-02 STORAGE TANK (TYPE B), VOLUME = 2 - 5 m3

T-03

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

T-04 STORAGE TANK (TYPE B), 65 - 12 m3

_ T-05 | STORAGE TANK (FERROCEMENT), VOLUME =2-15m2 (DRAWING NO.1) |
T-06 STOHAGE _'_T_ANK (FERROCEME_HT), VOLUME =2-15 m3 (DRAWING NO. 2)
V-01 TAP ATTACHED TO STORAGE TANK TYPEA & B

| v-02 | sTANDPOST"s" o

~ STANDPOST "88"
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PRELIMINARY SURVEY

Name of Village: ..o Name of Surveyor: ...
DIVISION: e Designation: .,
District: e Date:
Map sheet:
Poputation: No. of Families: ..........cccooveiiincnnnn. No. of Inhabitants: ...
EXisting INfrastrUClUre: oo e e b e
Dry Season (s): From e T0 e
From e, TO
Wet Season (s): From e TO
From e TO e
Water SOUICES: - PrESENL o et et et e e
Source1 Source2  Source 3 Source 4

Elevation of Source
Approx. Yield:
Elevation of Consumers

- Future:

.......

Name and Address of Contact Person:

Remarks:

Encl. : hand sketch

A2/1



SPRING MEASUREMENTS FORM B

Name of Village: .o
DIV N, e
1= ¢ o1 £ OO USSR RRRR
Date of Sbring 1 | Spring 2 “ Spring 3 Spring 4
Measurement Time Yield Time Yield Time Yield Time 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 (I/s)

D

—)T———AT» T
D= i, dm vy - xhx(Dz+Dxd+d2)
d= ... dm 12
- h = . . dm
Inside Dimensions
# in decimetres

p Az/2



SITUATION SURVEY FORM C

Name of Village: ..o Name of SUrveyor: ...........ccoeeeeci e
Division: e Designation: .o
District: Date: e
Station Com_pass Reading Distance Remarks and Sketches
(from - to) in grades m
F - .




/ey

HYDRAULIC SURVEY

Name of Village: o Division: DIstriCl: oo
Name of SUNVEYOI: ..o e Designation: ... DAte: e
i Station Compass Reading | Distance Vertical Angle Distance . .
| (from - to) in grades m in grades a Remarks Dvert Station Elevation
xpl i :
Explanations 7 e hY D Heriz. = Distance x cos f
D vert = Distance x sin B

D Horizontal

D ventical

a WHo4



FEASIBILITY OF

Name of Village:
Division:

District:

Water Demand:

Inhabitants

Explanations:

PROJECT

Prepared by:
Designation:

Date:

Number

(1)

Growth Factor
(2)

(1) : Present Population
(2) : 1.24 (for 20 years)
(3):45 l/lc xd (30 1/c x din exceptional cases)

Available Water:

Spring 1

Spring 2

Explanations:

Max. Yield (I/s)(1)

Min. Yield (Vs)(2)

(1) : Highest yield measured (refer 10 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

Daily Consumption Demand (I/s)
in 1 (3) = (1)x(2)x(3)
Total Future Water Demand = ]
Spring 3 Spring 4 Total Yield
............ = . WS
x 86'400 e eererireeeesiseeerrerenieeneies I/d

Feasibility : Check appropriate box :

[ 1 Project Feasible ; more water available than demanded

[ 1 Project Not Feasible : less water available than demanded

A2/5



FLOW RATE AT STANDPOSTS FORM F

Name of Village : ..o Prepared by: oo
Division: L Designation: ...
District: Date: e

Flow at Standposts / Taps:

Tap Users (1) | Flow Rate Storage Tank (2) Remarks
No. People Pupils Vs (3) No. | People | Pupils )
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 I/s)

(4) ; Give specific details e.g. tap for school, temple etc.
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FORM G
VOLUME OF SEDIMENTATION CHAMBER

DISTRIBUTION RATIO

Name of Village : ..o Prepared by: ..o
Division: e Designation: ...,
District: e Dale: s

Volume of Sedimentation Chamber / Silt Box:

Flow (total maximum yield, see Form E): Q = e, I/s
Retention Time: T = 1200s
Capacity: C=QxT= e X1200 = i [

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:

B No. of ficari Demand per | ]
%?1& 0. of Beneficaries p Distr. Flow to
No People I/d Pupiis i/d Day Second Factor Storage
' (1) (2) 3 (4) (5) (6) 7) Tank (8)
1 6
2 6
3 6
Explanations:
(1) : No. of people (5) = (1) x(2) + (3) x (4)
(2):45 I/d (30 I/d) (6) = (5) / 86'400
(3) : No. of pupils (7) : Distribution factor in comparison with
(4):6 Id the other storage tanks

(8) = Total safe yield distr. according to (7)
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STORAGE TANK AND FLOW DIAGRAM

Name of Village:
Division:

District:

Prepared by:

Designation:

Date:

Volume of Storage Tank:

No. of Storage Tank:

i _ Inlet y _Outlet Id Difference Water Level
Perlod S, S = riveines v/ - in litres
Seconds (1) lit. %o (2) lit. (3) (4)
05.30 - 08.30 10800 | s 30 | L i | e
08.30 - 11.30 10800 | e 10 1 s ] e e
11.30-13.30 7200 | ..l 15 | e | i
13.30-16.00 9'000 | ... 10 | s ] i |
16.00 - 19.00 10800 | e 30 | s i L e
19.00 - 05.30 37'800 | B | i | s | e
Daily Inlet = ..o 1, = Daily Demand Overflow
Min. Storage Capacity = .—...ci..osvessvvnso s e, m3 ; Tank chosen .................. m*
Tank is fitlled within ..................... hours (must be less than 10 hours)
Explanations:
(1) = Q x seconds inlet Q: Flow of Inlet
(2)=Dx% Water Level: Indicate whether + or -
3y=0) - @ Min. Storage Capacity = smallest (4), (negative)
(4) = sum of (3) Tank chosen : Refer to Standard Drawings

Flow Diagram (hand sketch):
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HYDRAULIC CALCULATION

Namecof Village : ., Division @ e District © oo
Prepared Dy © e, Designation | ..o Date :
‘ Sta- | ‘ Static Dist- Flow  Desired Desired Pipee  Actual Friction Friction Dynamic
tion/ \ | Head ance Residual Headloss Headloss Loss Chainage Head Remarks
Tap (m) {m) (I/s} Head {m} {m)/Factor {mm) Factor {%) (m) {m} (m)
;I — |
|
> — T
5
- A

| NHOA



Ol/ev

Name of Village:
Division:
District:

Prepared by:
Designation:
Date:

Scales:
Horizontal:
Vertical:

Remarks:

HYDRAULIC PROFILE

Point No.

Distance

(m)

Elevation

{m)

Static Head

(m)

Design

{1/s)

Pipe Size (ISO 1'000)

Friction Factor

o
o

Friction Loss

m

Friction Chainage

m

Dynamic Head

(
(
(
{

m

[ [ e

r NHO4



Li/ev

Friction Losses in PVC Pipes

Nominal Pipe Size

\

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

0.2

0.3 04 05

SRI LANKA STANDARD SPECIFICATION §':

J.I.S. Class B

&

1.0 1.

20 3.0 40 5.0 3@

nner Diameter

19““0

sﬁ““\

10.0 \150 2000 3[]00 400{] []

100.00

§/1= O {MOT4 NOISTA) ¥ALYM 40 ALUNVAO

Ll

.1 ek
0.1

Oct. 1983/ US

0.2

5020 30 40 S0
FRICTION LOSS J =m/100m, *6 , cmim

ATt thlﬂkﬂ uth‘.uLLLl
!

1{].(]

15.0 20.00

How to Read the
Drawing :

Exampie:
Design Flow= 0.8 [,
Pipe Length = 120m
Selected Pipe
=40mm ([SO)

Friction Loss =?

Frem Drawing:

O (MO'1d NOISAA) YALVM 40 ALILNVNOD
~
n
E

Friction Factor
2.65m/1)m

Total Loss:

120m x 2.65o¢100m =3.1m

S/1

Pipe Roughness K =0.01 mm
Water at 10°C(50F™)

A WHOS



FORM L
SYMBOLS FOR DRAWINGS

SYMBOL USED FOR SYMBOL USED FOR
Pipe Line a D Houses
(Supply, Distribution) D
~Emg Existing Pipe Line :E] Important Buildings
T~ - School
] —
' . " ' ’.a’
S ) Spring with Protection Zone e '"‘--..‘_\ Foot Path
'-v'l"._ 7" "'" e
s Kandy
: S lagtrtninh SN 1
Silt Box | Silt Box 72 ’,1,/ Noheind Road
V.600 L ’7

G, Rail Li
Valve Valve Chamber % ailway Line
Chamber N N
\'/ Wash out with Plug 7 / /; Paddy Field
Wash out : / / f

Pressure Break
Tank 2

Pressure Break Tank £ Rivers

Wash Place Forest
Wash place
Tap 4 Stand Pipe Temple

Storage tank 1

For ali Installations cf the Water Supply use Pen 0.4 or 0.5, Lettering 3-4 mm.
For all Natural and Man made Features use Pen 0.1 or 0.2 mm, Letiering 2 - 3 mm.

V= 5m2 Storage Tank % Clift, Steep Slope
o
; N
-~ L2 - .

QO Wellt Well e Bridge, Culvert

| P KCL\

[}

‘\\ ) w\

,’-({} Well 6 Well with hand Pump N Tea Land
R \

/4

A _‘_ BH, Bore Hole with Hand Pump
i

<27 ad

Non Return Valve

_’___a__.—-/- Non Return Valve

A2/12



El/evy

EXAMPLE OF HEADER FOR SITUATION PLAN AND PIPE SCHEDULE

Header: Namé and Address of Organisation }
i
| SITUATION PLAN OF
: Name of Project
|
i Plan No. : Date : Date by:
= Amend
Scale: e DTAWNDYD e Mments | s |
Map Sheet: ... SUNVEYRd BY: e |
| | e s
Pipe Schedule:

PVC - Pipes, 1.8.0. 1'000

\ From - To ‘ Distance i Diameter From - to \ Distance Diameter !

N WHO4
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ml
115
55
5/ 45 J 5
I F
1 i 8.8.20 Gl emedBa G.1. pipe sotket 20 u
0 adica @ 88 8
— = -q== handle & 8
¢ I
! 1
|
! 12:3 (3/4") O GEY exnsSBO
[ [=] l U
A& R 3 ; i A opad modea @280 8m co
e o manhole cover, concrete 1:2:3
: | reinforcement, to floated
—t Lo f-=-=4
517 Gl »c 88. 25 Gl tee 25 mm
o
o8O susm@ TOP VIEW
115
un |
_\‘—..-—
al
[y]
S
_ ) | [ @ B3 e $ODY @ WE DpHed 8O
@g® e | supply i supply from attached or sperate tank
- -~ — i 34—
Q 2 -
a sea® e i supply i b=~ Y e—303 ;3@ over flow
& oz
CEE:';‘_'_.__'_' —de—ataiged washout
L |
b e
[ N 7 /
2 7/ QuOmR new 50 8.8,
7 /q—drain @ 50 mm
— ey
0 , I//i
//
7
7/

eswcei® PLAN VIEW




uon:
68880 o Beomslonm wemng HEVOED ende. =
Remarks:

Installations according to hydraulic calculations

m
70
5| 60
I
2 7 D 8.8. 25 Gl HEOESS e
R 2 G.l. pipe/tee @ 25 mm (1)
- N7 -
‘‘‘‘‘ e— 1:3 D@ B@nena
mortar 1:3
B - B »den odls eumn® SECTION B - B
e 1:2:3 (3/4") eznBBO @ @8 ce O B O (OTES)
XXM —manhole cover,concrete 1:2:3 reinforced

;¢..-—-

@

@

&
& 3 'Ewsa@ »Ee supply ‘.
gl5e —

”%, § eesserd washout

m@#H® drain -~
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0
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230 23S VALVE CHAMBER

60 X 45 cm
85® gomen: & ’ &3 'BExY
1 No. C-1 Date: April 1992 Date: By:
Jnea! &85 Ced: EBERIE
de: 1:20 Drawn by: Kumuduni Amendments
@® eme acH® med
1 Sheet: Designed by: H. Pt
¢Os Cc1838mo List of materials

Bo@nis cement emndL bags 4.5

o sand m? 0.7

end od metal m? 0.6

we o stones m?3 0.8

EnSensSa® rebar @ 6 mm kg 4

Gl m¢ ednd. G.l. pipeffittings yes

|
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]
@ 38 8 OO wwed »E EEH
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e e ' 1:2:3 (3/4") emmsiB0 @ @3 ¢ 9
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»fD precast cover slab
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24
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eyt

BEB89 0 Semnion wens BEPOCO pda.

Remarks:

Installations according to hydraulic calculations sz
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20 3Ss VALVE CHAMBER

60 x 90 cm
e3® gomaa: Emes: , 2ma B&zd
n No. C -02 Date: April 1992 Date: By:
i@gnca; a8n Cced: £30@RIEI )
ale: 1:20 Drawn by: Kumuduni Amendments
Ds® e — eusn® e H. Pf
ip Sheet: Designed by: .
¢Os ci3edmye List of materials
Beoni cement bags _ 6
@ 25 mm
o sand m? 0.9
s 3/4 @O ©F metal 20 mm m? 0.8
g2 e stones m? 1
LIGHEIY® rebar @ 6 mm kg 6
Gl »¢ G.I. pipe fittings yes

3 floated
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BREAK PRESSURE TANK (BPT) OR
COLLECTION CHAMBER (TYPE A + B)

33 @8 OprBas BPT) ey cics“z&ﬁﬁ@ SSs ©8we A +B)

+3® gozmes: Exea e 8823
n No. C - 03 Date: April 1992 Date: By:
S@aca: $€23 Cied: ARCI A

ale:; 1:20 Drawn by: Kumuduni Amendments

Jea® eszges: @ wed

:p Sheet: Designed by: R. St & H. Pf

¢ @ B POSawes

O Der®eez
iey-pointing

1)

hed

3/47)
(3/4")

¢ ¢i8edmo List of materials

A 88w B 8&wa
Type A Type B
Be@si® @EdO 9 7
cement bags
O
sand m> 1.2 09
@od o 3
metal m 1 0.8
e ©od 3
stones m 1.2 1
OSunsiE® 0 6 88
rebar @ 6mm kg 10 6
ezl egd
steel door pe 1
& 8d. »c Bdmd
G.\. pipe fittings no yes

86,

B 8dwed pBded @ 6.8 80 x 60 BO ©e.8. 45 x 60 238 cDmed ABe®s’ B8
93Cwss eCes ewer PO e @d.

Qe menlazt eend gBdcs gdmn eznd® @DSMBE & 45 x 60 683.8. @1 ndm pdda
8 @8 Owdwzd escomn e DA

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 toat
or ball valve is needed.



Gl 20 s @ 88. 20 emedd G.I. pipe and sockets @ 20 mm
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Bede® apmeima
Distribution ratio

8080 medc Sdmdme 8.8, DEz Diametre of outlets in mm

1:2 .._....22...___50___..
32 63
1:3 20 | 63 ]
25 75
1:4 25 2x50
1:2:3 | 2 _ 1 _50_|_ 7 _|
20 40 63
2:3 ....._g,_____._so_._._
25 32
2:5 | | |68
20 50
2:3:4 25 32 50
2:3:4:5 20 32 40 50

Beg® ¢ondems Example of distribution

Se2e® empimds (¢0 Bexi@m wemmnag HE® OeO epmcd) = 25

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

8085 oc JdmIma BP 25 wm O 63 ey B 20 s @ 50
Diameter of outlets: either 25 mm and 63 mm or 20 mm and 50 mm

Dt

80@0 oded? MCOC gwe emgdsOF vm 800e® B e

Important:

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




Semed m5Ss DISTRIBUTION CHAMBER

03® gomcs & . s Beazs
n No. C-04 Date: April 1992 Date: By:
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3le: 1:20 Drawn by: Kumuduni Amendments
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p Sheet: Designed by: H. Pt
¢On i3ed® List of materials
Be@xzis cement emndO bags 5
o sand Me 0.5
3/4 @o¢ o  metal m? 0.3
adod (mbme) stones (shaped) pcs 250
aSensg® .
Zo96 Ban reinforcements 6 mm kg 1
BN DHEE haffle plate 1
Gl »¢ G.l. pipe yes
I L A —— 4




YRBL BeedB vl paeas! @8 ¢¢ 1:12.5:14 (3/47) enzigl
concrete 1:2.5:4 (3/4”) top floated
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D d = gl 15 edmdad
15cm 15 crosswise

[y
Pl
eal
S
&
E3s
M:
WO @M 14 Be@rd® wéE oreenst
s @
onry 1:4, out side key pointing
D]
88 / @ ¢6.8. 0GB MEASUREMENTS / DIMENSIONS IN CM
oG 3@E ISed ©8&8  Volume of silt box
300 L 400 L 500 L 600 L 700 L 800 L O
A 170 170 190 205 210 225 @
B 100 100 120 135 140 155 wid
C 150 160 170 175 185 185 ¢
D 50 60 70 75 85 85 ]
E 75 85 95 100 110 110 BN

BB
DS 2w BOBSES »mele E¥mBuasd ¢& Sonsiin wemne BIBLEL gpba
Note:

Sizes of inlet and outlet according to hydraulic calculations.




0S153080 BBSs (A DSVW)
SILT BOX (TYPE A)

s8@e 300 € O 800 & Volume 300 L — 800 L

e 501 Date: April 1992 Gme. | By
HORE 1K G Ced: TARIOTE £ W
ale: 1:20 Drawn by: Kumuduni Amendments
3 ® vy BueE® Dog
ip Sheet: Decigned by: R. St & H. Pt

ci8d»o List of materials

eOitos @05ed w8 yvolume of silt box
300L 400 L 500 L 600 L 700 L 800 L

a;;'s% cement ezO0 bags 11 13 15 16 19 20
¢ B8 sand m? 1.2 1.9 1.8 2.1 2.4 2.8
Jm@ metal m® 0.5 0.6 0.7 0.8 0.9 1.0
ot mlline stones pcs 240 | 260 310 350 390 420
o] =¥ carner stones  pes 45 55 65 70 75 85
nRy@ rebar e 6mm kg 5 6 7 8 9 10
» moiy baffle plate pc 1 1 1 1 1 1

H entrance door pc 1 1 1 1 1 1

60 x 80 cm
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8L @8 ¢ 1:2:3(3/47)

B AO eniid ebdemu

manhole cover concrete
1:2:3 top floated

p———— Ol sedbidn @
1:2:3 (3/4" 8.8. 8 @ d = ©dr

precas! concrete slabs 1:2:3
reinforced @ 6, d = 15 cros

| 8um Qund ey 14 Belnds
Bervewsd ATH (1 DO B
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1:4, out side key pointing
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4 coats of plastering

1:2.5:4 (374" wZuzB0
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252388 ROTed w&D
; Volume of silt box
2RO Dy
now @, 15 300L 400 L 500 L 600 L 700 L 800 L
wise .
A 170 170 190 205 210 225
&
&
nry B 100 100 120 135 140 155
c 82 92 102 107 117 117
D 50 60 70 75 85 85
E 57.5 57.5 67.5 75 77.5 85
60 ——m—— @ 32.%. 6 Gl wew v T emific
5~\H 5 Gl pipe and tee & 25 mm
H = K r'__Hj
w, A !
e [{+)
% 7 & | \ oo ©% eduLe existing ground level

— Ny \
\ I\ r——-—« J
Il
© I [ R e (Db phe g OuR)
} baffle plate (removable) ‘—j-q

B 1 a

Al sl v A, + ._A__}_U
X suTd [ Blade
washout/overflow
- 77 [
Y — Y ey odis cupn® Z
SECTION Y - Y
LOH:
DESE 9 BOEEER eI CEmBumant & SemPiEm wEme HEBLCL gpia.
Note:
Sizes of inlet and outlet according to hydraulic calculations.




e300 BVSs B 28vw)
SILT BOX (TYPE B)

s8@® 300 & © 800 & Volume 300 L - 800 L

o 8 - 02 Date April 1992 baw | By
2&&r ! G e d: ot
3cale: 1:20 Drawn by: Kumuduni Amendments
38 ed oga: - &en® med
Map Sheet: Designed by: R.St. & H. Pf
3 ¢ 3Wmo List of materials
wOten Doded uleyw
Volume of silt box

300 400 500 600 700 800
lewsi  cement wznOL bags 10 11 13 14 16 17
e sand m?® 1 1.3 15 1.8 2 23
Yy metal m? 0.5 0.6 0.7 0.8 0.9 1
208 ot line stones pes 200 220 260 290 320 350
yd oy corner stones pcs 30 40 50 55 60 70
uGo@iy® rebar e 6mm kg 4 5 6 7 8 9
hu@ manbaffle plate 1 1 1 1 1 1
ne wirpd, Gl pipeffittings yes yes yes yes yes yes
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L epBl Bedrtd i Bodwant @fm og 1:2.54 (3/4
concrete 1:2.5:4 (3/4") top floated
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) emnsidd

]

DiSotE endinsn emsiBd meE 1:2:3
(3/4) © 88 6 d = es.8. 15 s86m3@O
precast concrete siabs 1:2:3,

1 — | reinforced & 6mm, d = 15 cm. crosswise

=04 4 Bxd ol dcediiim Be@xhs
o medhd® 4 coats of plastering

l ™

= BOm mdnd edG 14 Bednid o
Il DG@ewed Hm e mend P
w stone masonry

1:4, out side key pointing

@80 Beenld emigud witm 13
F— Beond®)/OE moddd
topping 1:3 smoothed with cement paste

E
?}_—1:2‘5:4 (3/4") @25\1275’@3
| concrete 1:25:4 88 / @ ow.8. O8N
ha— R
9 MEASUREMENTS / DIMENSIONS IN CM
61398 0wl w8@w
Volume of siit box
—— 1000 L 1200 L 1500 L 2000 L
A A 277 293 310 341
4‘\" —\ B 117 133 150 181
- o] 167 172 182 192
D 85 90 100 110
E 110 115 125 135
X
—J
Tim
T '_"'_"'"'"'_"_ | 3L By

2OFO 5o B0geS mePe JEmBound HE SnTEm Hne BEBEEL e,

30 5 Note: .
I‘ I‘ [~ Sizes of inlet and outlet according to hydraulic calculations.

"~



D0 SSB 8B €St SSs A 9Svw)
SILT BOX WITH VALVE CHAMBER (TYPE A)

«8&9 1000 - 2000 & Volume 1000 L — 2000 L
NEHE gom: Eza: . : Juo
3|lan No. S-03 Date: April 1992 Date:
18 @agmcs! BRI (g SRS V0
scale: 1:20 Drawn by: Kumuduni Amendments
1B emea: Aoy diw
JAap Sheet: — Designed by: R.S5t. & H Pf
¢On c88mo List of materials
whisiew 9ldv
Volume of silt box
1000 L 1200 L 1500 L 2000 L
@2
Bo®si®d  cement bags 22 24 26 30
o3 =»dd sand M3 2.9 31 35 4
A &g
A SEC T metal M 1.3 1.4 15 17
O
ey od wlline stones  pes 450 530 600 870
88 B
gt o =@ corner stones pes 90 105 120 150
LDCOIIY®  robar g 6mm kg 12 14 16 19
NG baffle plate pc 1 1 1 1
858e® w¢d entrance door pc 1 1 1 1
60 x 100




1:2:3 (3/47) LGESE® PPl Gde (2Bl &ds
10 b \—..——— Manhole cover, concrete 1:2:3 top floated
| h% ~ — 1%
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1 Og)

wasd @8 ¢ 11254 emziBd
ed

sty eSO mon @ 88 6 d

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

iy g @qa@@wﬁ'ﬁ am e woand e
ide key pointing

sl 1:3 Be@xdd /&l mudd®
ith cement paste

88 / @1 ¢83.8. OGN
MEASUREMENTS / DIMENSIONS INCM

6015508 BEded 8895
Volume of silt box
1000 L 1200 L 1500 L 2000 L
A 220 230 250 285
B 150 160 180 215
c 122 127 137 147
D 85 90 100 110
E 825 87.5 97.5 115

=13l b N

DOFL ww B0gedH HCEHC Sdwdmnasl ¢O Domsienm waEms BHIVDCT emba.

Note:

Sizes of inlet and outlet according to hydraulic calculations.

inlet xnogs

—

&&& min 3%

Gl 200G e @ 25 88 min 2o
Gl pipe and tee @ 25 mm

——

s&=Em & ©d0@ existing ground level

DY @ENEEIC) I
dry stone masonry w:

20

sarel ) Blrla

washout/overflow

Y - Y »den ed8s cup@ SECTION Y - Y
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eSH1x308 ST B odvw)

SILT BOX (TYPE B)

=s8@© 1000 & © 2000 & Volume 1000 L - 2000 L

313659 gomas: &xca: April 1992 &xr0s DB
“lan No. S -04 Date: pri Date: By:
“B@wics: g8m c@ed: E30G @RTEIM
3cale: 1:20 Drawn by: Kumuduni Amendments
AR sma; - wcnd® med
viap Sheet: Designed by: R.St. & H. Pf
¢&n c13udmo List of materials
edipdwn Plded vlerw
Volume of silt box
1000 L 1200 L 1500 L 2000 L

Be@wl®d  cement «z»0L bags 19 21 23 25

o8 sand M3 25 2.7 2.8 3

374 metal M3 1.2 13 1.4 16

@ o

= od line stones  pcs 380 410 480 570
w5
Al @ o¢  corner stones pcs 75 80 85 90

LooL® rebaro 6 mm kg 11 13 15 17

i ey baffle plate pes 1 1 1 1

w TR G.IL pipes fittings yes yes yes yes




8O Hai
concrete 1

wn

X = X sovdon ou€e o

0 M el baffle plate
|
:) - I t DHO@D inlet
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J N /1 \ /
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D —_ —1 |
-l o (¥ ] ——= _IHFD /
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N/ \ ¥
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_ ~ ., N > —lrll
) l | - £y f BTy o
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- #—qeoww wes drain { @ 50 mm
° )
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wiciei® PLAN VIEW




WA O D®eest FH 3¢ 1:2.54 (3/47) emifO

:2:5:4 top floated

2SenstE) eudiiy emeiBd meE 123 34V 88 6 d = swd. 15

Bomda

S
- ae
wl -
1y I
0o
:?Iow ﬁL——‘—ﬂ
_ 3% Y r
L L
\8‘
_____ A _Tr

a®@ SECTION X - X

4 coats of plastering
Hom medmd DG, 14 Hedxi® HF
Der®awns’ HED L Boud D@

stone masonry 1:4, -
out side key pointing

O B g Yeediln Be@dm®) O B»ud:d®

w Y8 Bedsld) wmend edim L3
Be@B [ medichd
topping 1:3 + cement pasle

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

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

88 / @1 ¢e.8. 08z MEASUREMENTS / DIMENSIONS IN CM

ecHe
Plan N

[SYS1O8Y
Scale:

Bw®
Map Si

OB CGu

——

Bo@ns

&

3/4" @cd
20 @

S0y

Volume of silt box
300L 400 L 500 L 600 L 70Q L 800 L
A 235 245 250 265 265 275
8 75 85 90 105 105 115
Cc 132 142 152 157 167 167
D 50 60 70 75 85 85
E 75 85 95 100 110 110

3l 5y

DNOGE @m BOGeOB wmeOE Sdndansl ¢@ SexnEn wemne BEPDCO apie

Note:

Sizas of inlet and outlet according to hydraulic calculations.




D0 S 8B 1O ST A ©5vw)
SILT BOX WITH VALVE CHAMBER (TYPE A)

=s8@© 300 & © 800 & Volume 300 L - 800 L

oD & Emw Sead
April 1992
L 3-05 Date: pril 199 Date: By:
e Celm e d: E30G@RTL D
1:20 Drawn by: Kumuduni Amendments
BH)@: —— 231568® we g
eet: Designed by: R. St. & H. Pf
iedz® List of materials
edizi®n p3dy Volume of silt box
300 L 400 L 500 L 600 1. 700 L 800 L
@m0 |
5  cement bags 14 16 17 19 20 22
sand =08 M® 1.5 2.0 23 25 2.7 3.0
"@G’ metal 20 mm 0.6 07 0.8 0.9 1.0 1.1
line stones pcs 300 340 400 430 510 550
corner stones pcs 60 75 85 95 105 120
., f8b2r @ 6 mm kg 7 8 9 10 11 12
Ben
»&& baffle plate  pes 1 1 1 1 1 1
p “entrance door pcs 4 ’
60 x60cm ! ! ! !




S8 eeddisiny BB mely 1:23 @ &8 6 600 opfE® ee.d. 15 sdmded
precast concrete slabs 1:2:3 reinforced @ 6, d = 15 crosswise

N
L U("( }( )( l[ ' ’N 1 l u concrete 1:2.6:4 reinforced
~ N @ 6, d = 30 crosswise "
LT o !
0 = /1 —--—-—-—--—-———---g——-"—-"-" —1 5
—_—
9} Qo (Xl
s climbing iron z & Er
— o e+
g | 5 © 8
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_ N @
uh l[ — || topping 1:3 + cement paste__ }
@
B = o e, (IYTIY) :
————————— = ey \_ﬂ_ Y
o] F_-.- 'S AN\~ concrete 1 )2824?9 S i
Nj = N A XX N
-+
X — X adem odle eusm@® SECTION X - X
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\\\ i ' e
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W D i | it | ——— | (
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SECTION Y - Y
8P / @ ¢6.8. OER
MEASUREMENTS / DIMENSIONS IN CM
OpBed 8880
Volume of tank
2 M3 am? Ve 5 M3
A 310 380 400 455
B 300 370 390 445
C 1140 210 230 285
D 120 120 145 145
E 55 55 80 80
L0 BY;

DD s BOeOHB »EdHE DEmPacs & Tomm@m vemms HOREGL apmbe.
Note:
Sizes of inlet and outlet according to hydraulic calculations.
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O OB (A 28vw)
STORAGE TANK (TYPE A)

Volume 2 - 5 m?

58@9 2 - 58 °

£23® goznes: Emyas: A P B8xs
1 No. T - 01 Date: pril 1992 Date: By:
Y9 g e€m Eied: 30 G KT D
le: 1:25 Drawn by: Kumuduni Amendments
=@ smye: - e eu® med
) Sheet: Designed by: R. St & H. Pt
¢ ci8edm® List of materials
DpRed uBery
Volume of tank
2m? 3m? 4m? 5m?

!
: Be@uld cement  ezmwdL bags 30 36 40 45

o sand M3 42 4.8 5.6 6.1
‘ol od lime stones pcs 1950 2150 2450 2650

8 od corner stones pcs 150 150 180 180

mEm o unshaped stones M? 15 1.7 2.0 23

3/4 @ o¢ metal 20 mm M3 1.5 1.9 2.1 2.4
- BIOSE® rebar @ 6 mm kg 17 24 31 38

888e® a1 enter door 60 x 100pcs 1 1 1 1

& a& v Gl pipes 172" M 24 24 3.0 3.0




Qg inlet

51, 45 445 10 20
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e 1]
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{meoursed rubble stone masonry 1:4, out side key- pointing

w8 Bewdd® eongay wlln 13 Beert® /ol g
topping 1:3 + cement pasle
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@38, 50 x 70 eOGWmBtE emiBd endc De
concrete manbole cover 55 x 70 ¢m, reinforced

OGentE euddisty emnzEd mmE 123 @ 8@ 6 e lg® es.8. 15 sdmdad
precast concrete slabs 1:2:3 reinforced @ 6 mm, d = 15 crosswise

—— concrate 1:2.5:4 reinforced @ 6 mm. d = 30 crosswise

8. a8 AchEs] g el @G
lock with G.). pipes (1" or 3/4 ")

70 1
-4 Iw' 20
[Te]
-
=
0 &
—

CA T
D
E

% L

Y - Y o5deym el eum® SECTION Y - Y

/@1 ©e3.8. HER
MEASUREMENTS/DIMENSIONS IN CM

Volume of tank
2 M3 am? amd 5 M3
210 280 300 355
200 270 290 345
140 210 230 285
120 120 145 145
153 153 177 177
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Note:

Sizes of inlet and outlet according to hydraulic calculations.
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STORAGE TANK (TYPE B)

s8@® 2 ~ 58 * Volume 2 — 5 m®

1® o= Ty il 1 2y ezt
No. T-02 Date: April 1992 Date: By:
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e: 1:25 Drawn by: Kumuduni Amendments
3@ sme. 88 med

Sheet: Designed by: R.St. & H. Pf

¢On c3dme List of materials

- veded ey
: Volume of tank
2 M3 ams amd 5M3

_ Bowsis cement ezmOu bags 21 25 28 35

. wed ol line stones pcs 600 700 850 3900
@ o corner stones pcs 100 100 120 1é0
whm oy unshaped stones M? 1.3 2.0 2.4 2.8

_ w sand m? 3 35 38 4.5
34" @it ¢ metal 20 mm M3 1.5 1.7 2.0 25
bgowiy®  rebare 6 mm kg 19 26 33 40
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88 / @ eu.®. 983 MEASUREMENTS / DIMENSIONS IN CM

QeBed 35800
Volume of tank
6.5M° s M 10 M® 12 M
A 300 340 380 400
B 230 270 310 330
c 40 80 120 140
D 120 120 130 140
E 90 90 100 110
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1:2:5 (3/4") 33 6 @ 606 ezt ® @es.®. 30 80mSwd
IBO Bedwd O Dedeas’ B¢ ¢

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

precast concrete slab 1:2:3 reinforced @ 6, ,

d = 15 crosswise

concrete 1:2.5:4 reinforced @ 6,

d = 30, crosswise - ]
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Y - Y exdowm ed8cs cum® SECTION Y - Y

€368,

DOFD ww BOPedN mcde Sdmdmes’ ¢& Demsiam wema HEBOCO gmnda.

Note:

Sizes of inlet and outlet according to hydraulic calculations.
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ODEN rBas (A 95ww)
STORAGE TANK (TYPE A)

=8@&0 6.5 — 128 * Volume 6.5 - 12m?®

o T - 03 e April 1962 Sae | ey
e 81 e B30GERT T
1:30 Drawn by: Kumuduni Amendments
eI - euE® meg
ieet: Designed by: R .St &H. Pf
¢&n ci8«m® List of materials
etded w8gnd
Volume at tank
6.5m* 8m? 10m? 12m?
Be@niD cement @znOL bags 68 73 81 89
ol sand m> 82 9 10 11
o od line stones pcs 3500 3700 3900 4100
gc od corner stones pcs 220 230 240 250
wmm o unshaped stones  m° 3.2 3.6 4.0 45
swd od metal 20 m.m. m? 4.1 4.8 5.6 6.3
OGOE® 6 ®8 rebare 6 mm kg 48 53 61 65
B858c® oo enter door 60 x 100 pcs 1 1 1 1
& g8 »e 12" G.l. pipes 1/2" m 3 3 3.5 3.5
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5.8, 50 x 70 eDdensiE emiifd ambc Ode

¥

-k

15 crosswise

concrete manhole cover 50 x 70 cm, reinforced

Delf) eucDuty ewiHO m@p 123 @ 88 6 600 EH® wémSw en.d®. 15
precast concrete slabs 1:2:3 reinforced @ 6, d =

1:2:5:4 DSOBIE) emnsiBd @ 88 6 acmdes se.d. 30

concrete 1:2:5:4 reinforced @ 6, d =
& 08 A0LEH g D Qe
lock with G.I. pipes (1" or 3/4 )
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®
Y — Y ondewn ¢dia sum®
SECTION Y - Y
2 &F @
90 IS
:.ched or separate
~hamber
OpBded 2880
Volume of tank
X 6.5 M° 8 M3 10 M® 12 M3
A 325 385 460 540
B 315 375 450 530
C 255 315 390 470
30 By

DOFO wen 808c08 mCOC SemPncs’ & DemBd@m meEms

BIBLED emda.

Note:

Sizes of inlet and outlet according to hydraulic calculations.
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O QpBs B 28vw)

STORAGE TANK (TYPE B)

=80 65 ~ 128 °
Volume 6.5 — 12 m®

:a® gozma: Eme: . 2w o&x
n No. T-04 Date: April 1992 Date: By:
Do 1:25 2€n c1@ed: ATICTEY (AT
Hle; . Drawn by: Kumuduni Amendments
3@ e -— BecH® meg
1 Sheet: Designed by: R.St &H. Pf
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1
~ ¢ ci8dmo List of materials
¥
VpRed wlwrw
2 Volume of tank
. 6.5 M? 8 M 10 M3 12 M3
-\‘. ]
" Bewntd cement «zmlou bags 42 48 55 63
e sand m? 55 6 7 8
-~
@ o line stones pcs 1050 1200 1400 1600
©
2
wad oc unshaped stones m® 3 32 3.5 3.8
-F
}‘ & o corner stones  pcs 150 160 170 180
B
3/4 @i o metal 20 mm m? 3 35 40 4.5
=L —
bidoedy® D6 €& rebar G 6mm By kg 45 50 55 60
§ < 4l oG wo G.I. pipesffittings lock €s as es as
o O PP g y y y y
-F
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110 BB OSeste®
nm or & 10 mm

10 ¢8R5 O SemIEd
28 mmor @ 10 mm

OIS 3g® wicwed® PLAN REINFORCEMENT

2 M3 amd 6 M3 8 M3 10 M3 15 M3
A((‘::;LS) 80 110 130 140 150 175
é%ﬁzi:ﬁ?) 160 220 260 280 300 350
c ((agfh é?;;t) 110 120 125 140 155 170
D(f;ﬂ:r?ea h(;?;)ht) %0 40 0 0 *0 >
g’gv ::Sﬁzf’eff; 100 110 115 130 145 160
(=g ¢o) 140 160 165 180 205 220

F (total height)

88/ @ ee.8. OCs MEASUREMENTS / DIMENSIONS IN CM
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STORAGE TANK FERROCEMENT

w8@® 2 - 1568° (ecE® g 1) Volume 2 — 15m? (Drawing 1)

£33 ® gozd ! Sma: )
Plan No. T - 05 Date: April 1992
wl&ren: 28m ced:

Scale: not to scale Drawn by: Kumuduni
BRa® sgpa - 8ueE® wed

Map Sheet: Designed by: H. Pf
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Date:
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MATERIALS SEE DRAWING NO. T-06




eAHDISe / A¥fe [ Beseed Sedmmd FOUNDATION/WALL/ROOF/DETAILS

Ca

Dome height

i
I
Il

e
Chicken Mesh

ight

= Total hei

= wall height

Bule ¢
F3d ¢

[ 12

20

4 ?6
g E
(= b Budetd bl Ll 8.8, 6§ wdmda E
.-_\% . 1 spacer @ 6 mm roof steel bar @ or @ 10 mm § =
“ =
il &y wDie water level § g
" —L i (q:)', (5]
) B8 1.5 L0 HBE (wxenes D) plain wired 3.5 mm % £
'y @l @@ /o wodwns chicken wire mesh 1 layer g) 8
o @ @D
B8 3.5 VGOTIE® (s O &-——- © =
Il - plain wire ¢ 3.5 mmd = 32 mm .'V
w 4 QA s WS 2 & BUS | B (w0
K chicken wire mesh, 2 layers up to 1m
} 5 : @B0 MM mEw (§rendm DGR
) Tbr pvc pipe cZ) 50 mm
2 5} @ 3D 8 i D 8@ 10 PRBHLHSH FR DEOB® (support pipe)
- ] wall steel bar @ 8 mm or @ 10 mm
g A
o )
5 4 B 0T & ot @ B9 10 qHBHO® TS VGHFD
g A\ foundation steel bar @ 8 mm or @ 10 mm
K]
] ."'.J
4 "
@ B ]
0 g 125 (VA A Rod® wmSBO
o f foundation concrete 1:2.5:4
5 i
)
} 1:3 Bowmtd mudow topping (wet/wet) 1:3
1 ¢
Ml ——hoyode w10, slope 10 c.m.

Baddw Aol 8o opsw

Uwm mOuu 13 (253 w.8) 000ty Qe o wdo Sooo

20w DAY (Grec’Bw) LY (-3 0n.@) T om nOdo Daen o aive o8y efxn
SR fed e S (@ 3w BEY)

I o 0o T (end. 2-3) D00m8dR Qeny o 9By futn

2w AU - it Beettd ethighd ey,

Sutde
Eam O 18 (ewd 3-4) LSl Desy of endd $§tn
20w G 13 (wE 2-3) 2 o oiud D ol em3l Sy,

Plastering: Qutside wall:

1 coat 1:3 (2-3 c.m.) cover reinforcement / surface rough

2. coat 1:3 (1-2 c.m.) apply same day after 1. coat has sef/surface floated
Inside wall (after 3 days)

1 coat 1:4 (2-3 c.m.) cover reinforcement / surface floated

2. coat cement paste (same day)

Roof

1. coat 1:3 (3-4 ¢.m.) cover reinforcement / surface floated

2. coat 1:3 (2-3 c.m.) apply inside after 7-14 days/cover reinforcement

s
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Sy ® wom» REINFORCEMENT TABLE

89/ ¢u.®. R MEASUREMENTS IN CM

aM® | am® | em® | aM® oM | 15Mm°
foundation 2andc &» length/pe 85 85 85 85 85 85
GuREG®
5 SSe3n® @ steel bar g 8§ mmj 8 mm 8 mm| 10 mm 10mm 10 mm
40 |I 40
=23 o  total no 11 14 17 18 19 23
wall oo &o length/pc | 165 175 180 195 210 |225
o)
Densta® @ steel bar o 8 mm| 8 mm 8 mm| 10 mm 10mm{ 10 mm
268 v  total no 11 14 17 18 19 23
roof D@ncicm &o length/pe 90 120 140 150 160 (185
Besedes
10R & denz3a® @ steel bar @ 8 mm| 8 mm 8 mm| 10 mm 10mm 10 mm
2E e  total no 9 12 18 16 17 21
@dwdem §» length/pe | 160 220 260 280 300 |350
ey | 20O30® @ Steel bar @ 8 mm 8 mm 8 mml 10 mm 10mm 10 mm
=l o total no 2 2 2 2 2 2
spacers D 8=iE® ¢ steel bar 10 m | 15 mi 20 ml | 25 ml 28ml | 35 ml
BSOS 6 mm
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AN DR eMedr £e®x30
STORAGE TANK FERROCEMENT

s8@0 2 - 158° @ oo 2) Volume 2 ~ 15m® (Drawing 2)

B® gomas: & p Ew 883
i No. T- 06 Date: April 1992 Date: By:
Ja@hcs: 8B e d: Sow@ )

le: not to scale Drawn by: Kumuduni Amendments

a® eseyes: — BeK® mad

i Sheet: Designed by: H. Pf

7 Ci8Wmo List of materials

aM® | am® | eMm® [ 8M® 1om3| 15M3
Bo@rtiB . @zOU
cement (bags) 7 12 16 18 22 28
o
sand (m3) 0.8 1.3 1.7 20 2.3 3.1
3/4" @0 o
ietal (m?) 0.3 0.5 0.7 0.9 1.0 1.3
wedem of
stones unshaped (m®) 0.4 0.7 1.0 1.2 1.4 1.9
88 3.5 ey »@®H
slain wire 3.5 mm (kg) 15 20 25 30 35 40
WD)
Jsinding wire 0.8 mm (kg) 4 4.5 5 55 6 6.5
ed adf )
shicken wire mesh, @ = 90 ¢n (m®) 17 25 pid 35 40 50
b,,émmﬂ«?)@
einforcement & 6 mm {kg) 3 4 5 6 7 8
IO TSTO)
ginforcement @ 8 mm {(ka) 16 22 30 - - -
Dtdcmzﬁaéi
reinforcement @ 10 mm (k@) - - - 50 56 73
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2-5 3 ©AN JBed
e8Bmeg 6@
Tap att. to st. tank 2-5m?

6-5 8’ HAB DrBed
28me 3818
Tap att. to st. tank 6.5-12m?

BHOS
pomoe’ A 190 220
B8 180 210
Cc 120 150
38/ 9 0.8, O
MEASUREMENTS / DIMENSIONS IN CM
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TAP ATTACHED TO STORAGE TANK

A B &5«wes TYPE A AND B

ond® goma: gz &mcs daus
an No. V- 01 Date: April 1992 Date: By:
I@ecy: - £308GID
:ale: 1:20 Drawn by: Kumuduni Amendments
2a® oms - e 2eg
ap Sheet: Designed by: R .St &H. Pt
¢On cldne List of Materlals
sdme G
Top attached to
st.t. 2-5m® st.1. 6.5-12m°
var. A var.B var, A var. B
Be@sB ament bags 5 4 6 5
GEMOD
o sand w3 0.5 04 0.7 0.6
3 4”
@/@d oo metal M3 0.9 0.9 1 1
©® o  shaped sto. pcs 350 150 400 200
et o rubble pcs 900 900 200 900




6@ O 86"

STAND POST 86"
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¢on ci8dmo List of materials

Beosid cement @200 bags 35
o sand m? 0.3
34" @ od metal m? 0.45

shaped line stones pcs 1
eszsfem oo unshaped stones pbs 200

rebar @ 6mm kg 4
& g8 e G.l. pipe 1" cm 30
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G.l. pipe elbow @ 20 mm / l’I
W5 emedBe fauchet socket ': ~
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A - A odcs SECTION A - A

8383 (1) ©H® poed vog emmds ew.d. § enDE0 el Sty mduin.
Badd (@) 123 (3/4) consifd 8gomecsl e e ishy @dxin.

Ba0d (3) (uger HMBE® OEdED. B6HE Weeend 9Bl ewnsiBO dusln wd (ee2.8. 12 sz
Hm S0 Bedst® emend s 9980 BO® swig i mIzin.

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 1opping and cement paste




D@ O 88"
STAND POST 88"

=263® gozes: Ema: . & D& 3
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¢on ci8wmo List of Materials

Boest®  cement ezmQ0 bags 1.75

o sand m? 0.15
360600 £3efie v o metal m? 0.20
with wash out - |

weryed 150

—— @ unshaped stones pes

& 4l G.l. pipe 0.75"| 25cm

widn
BARS ¢ a2 G elbow 0.75" 1pc

Sfedd
GE16D aEn@rRY P 7
with out washout Z;;“ﬁ fauchet socket 1pc

DY tap 0.75" 1pc

L) g0

and pipe




