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FOREWORD

It is now widely recognised that a good water
supply is one of the vital factors in the advancement

of rural communities in the developing world.

It is also the participation of the Community
in the process of solving their own problem, which
ensures the success of the project and develops the

spirit of self reliance of the rural people.

This Rural Water Operator's Handbook and the
Design Engineer's Manual, which goes with it are a
record of the techniques which have been evolved out
of experience in the development of Self-Help Piped
Water Projects in Malawil over the past 16 years.
First written in 1977, it has been revised with many
additions in 1983. It has been compiled for the use
of Operators who are constructing rural piped water

projects. It can also be used as a training manual.
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Preface

This Water Project Operator Field Handbook is a practical
guide for Operators and Supervisors working on gravity fed
piped water schemes in Malawi.

It details instructions, and practises for most activities
and responsibilities of Water Project Operators and Supervisors.
It also provides the data necessary for efficient planning,
organisation and implementation of Rural Piped Water Projects.
It is sub-divided into two sections:

1: Technical instructions and practises.

2: Community Participation and User Education.

The continuous evolution which characterises the Malawil
gravity fed piped water schemes makes this Field Handbook no

more than a "picture of today". New developments may later be
incorporated into the text.

(1)



Background:

A safe and convenient water supply is of paramount importance
to human health and the well-belng of society as a whole,

At present unsafe, polluted drinking water is still responsible
for many diseases and indeed deaths in the rural areas of
Malawi. Some of the diseases which are related to polluted

water are as follows:-

- cholera - malaria

- typhoid - scabies

- dysentzry - eye infections
— hepatitis -~ bilharzia

What 1s safe and convenient drinking water?

Safe and convenient drinking water is water that does no harm
in any way and is pleasant to drink. This means that germs
and toxic substances are absent, that there 1s no overdose
of minerals or silt, that it has no colour, taste or smell.

water Supply Systems for Rural Areas

Rural water supply systems can be divided into three categories:

1. Wells
2. Gravity fed piped water
3. Boreholes,

wWells

Dug wells are the traditional source of water for most people in
Malawi although the well was often not more than a hole in the
ground which was excavated deeper as the water table sank.

Protected dug wells are particularly suitable for areas with a
relatively high ground water table (not deeper than about 10m)
where gravity fed systems are not possible.

Although protected wells are supposed to produce safe water,
it is often found that the water is not free from faecal
infection.

(ii)



Protected dug wells however are suitable

for self help programmes.,

Gravity fed Piped Water Systems

Gravity fed piped water systems are applicable to'densely
populated areas with perennial mountain streams. One of

the great advantages of piped systems is that the pollution
danger from pit latrines, ground water and waste water is
virtually absent. However it must be realised that pollution
of the source will affect all consumers, and thus great care
must be taken to prevent pollution at the intake.

Gravity fed piped water systems are appropriate for self help
programmes. Although attention must be paid to proper
organisation, motivation and supervision of the self help
input.

Maintenance costs can be very low if the installation of the
supply is undertaken to a high standard. An estimation of
annual maintenance costs for large projects comes to about
0.6% of the construction costs or at about X0.10/head/year.

Although water from the source is safe, pollution can occur
during the time between drawing water at the tap, and
consumption of this water at the village houses. Traditionally
a period of days may elapse between drawing water, and actually
drinking it. It is part of the Operator's duty to emphasize
the dangers involved in these practises, and to encourage the
drawing of water for consumption on a daily basis.

Drilled Boreholes

The drilling of boreholes requires mechanised equipment, and
skilled labour. Because they are expensive to install and
maintain, boreholes are normally restricted to areas where
dug wells or gravity fed piped systems are not feasible,

(1ii)



Village Water Committees may be involved on a self-help
basis in the construction of borehole aprons, drain cha-

nnels and soak-away pits.

water Quality

In order to check that water is of good quality, Urban
Water Boards continuously monitor water quality by means
of specific laboratory tests. However water supplied by
the Rural Piped Water Projects, is impounded in Forest
Reserves, above the line of habitation. This should
preclude any form of pollution, although the department

regularly undertakes millipore testing, to detect any

faecal pollution due to animals.,

To improve the quality of water for consumption, it can be
treated in a number of ways, both simple and complex.
However since the water is impounded above the line of
habitation or cultivation, then simple treatment processes
are employed in the Rural Projects.

(1) Screening
This takes place near the point of abstraction,
and removes the larger transported particles
such as sand or dgravel. It also removes any

leaves or twigs which may have entered the inlet
pipe.

(ii) Sedimentation

This allows the finer suspended particles to
settle out during the time they are retained in

the sedimentation tank.

(iii)Slow Sand Filtration

Following experimental work on a pilot project in
Zomba, this has now been deemed a suitable method
to be employed where the intake does not cenjoy

protected sg#:tus,

(iv)



This form of filtration will remove any
pathogenic pollution of the water by biological
activity in the filter bed.

Outline of Gravity Fed Rural Piped wWater Projects

Introduction

The Rural Piped Water Section supplies water to the rural areas

of Malawi.

The Rural Piped Water Supplies are characterised by three
features:

(1) water is free (it is a gift from God)

(ii) The pipes are supplied by the Government

(1iii)The people supply all unskilled labour on a self-
help basis.

After installation the supply is regarded to be the property
of the people. Maintenance and operation are done by the
local people with a skeleton support service from the Gover—

ment,

In order to ensure that everybody shares equally, water has

to be carried from the tap. Connections to the tap are not
authorized, but taps are located in accordance with the wishes
of the people. The systems are designed to provide each tap
with a minimum flow of 270 litres/hour (one gallon per minute),
with a maximum design population of 120 people for each tap.
Proper care for, and diligent maintenance of these piped

water systems, will ensure effective service throughout the

design 1life of 20 years.

(v)



Qualities required of a Rural Water Operator

1 Technigue

A Rural water Operator (R.W.0.) needs to be familiar with
all current practises employed in the Rural Water Projects
(RoWoPo).

This involves familiarity with the methods for laying
Asbestos Cement (A.C.) and Polyvinylchloride (P,V.C.)
piping, including marking, digging and backfilling of
trenches,

In addition he should have the ability to connect steel
pipes, and be familiar with all the fittings used, in
conjunction with steel pipes, particularly those which
have both metric and imperial dimensions. He should be
prepared to apply these skills at awkward locations, such
as river or gully crossings.

Familiarity with commonly used machines and instruments
is also necessary, as well as building techniques employed.

2. Organisation and Planning

A R.W.0.is responsible for the proper organisation of the
following:—

(1) Attendance

In order to maintain large attendances of Self-Help
labour, it is necessary for the R.W.0. to work in
close contact with the local leaders, such as
Traditional Authority Chiefs, M.C.P.,leaders, and
the appointed water project committees.

In the case of falling attendances, the R.W.0O.must
contact these leaders in order to resolve the
problems leading to poor attendance,

(vi)



3.

Only if these efforts fail does he resort
to the assistance of his Supervisor.
However a properly trained, and suitably
motivated R.W.0., seldom has recourse to
this alternative.

(ii) Self-Help Labouxr

Through the organisational efforts of the
R.WsOs, the local people attending for
work should each have an allocated task.
He should then ensure that each task is
performed satisfactorily, and that no
confusion or dis-harmony arises.

(iii) Planning
The R.W.0.should inform his Supervisor
on a weekly basis, of his forthcoming
requirements to facilitate steady progress
of construction. These requirements
include tools, fittings, transport, and
any other specialist assistance needed.

Reporting

A R.W.0. adopts two methods of reporting progress; firstly
through completion of the standard forms relating to the
various aspects of construction, and secondly by a verbal
report at the regular Staff Meetings.

Character and Attitude

The most important aspect of the success of RWO, is that
he is respected by the community within which he works. To
achieve this respect the following qualities should be
observed:

(i) Politeness : A polite and cheerful attitude

will prevent dis-harmony., It is
also wise for the RWO to remember

that he is a guest in the community.

(vii)



(ii) Honesty

(iii) Enthusiasm:

(iv) Maturity

An upright and honest

stance, should always be
maintained, even when

under pressure to provide
favours to local leaders.,
Weakness here will always be
discovered as the people will
report matters to the
Supervisor.

The continued progress of
work is dependent upon the
enthusiasm of the RWO.
Although he should guard
against working too quickly
and becoming exhausted in

a short period of time., A
steady and consistent atti-
tude is far more satisfactoxry
in the long-term,

This is an essential quality
when dealing with Tradition-~
al and M.C.P.leaders, An
immature attitude here will
mean failure to convince these
men of their responsibilities
to the RWP, and subsequently
their assistance will be
forfeited.

Failure of a RWO to adhere to these guidelines will result in

a poor relationship with the community within which he works.

Subsequently his performance in his work will be unsatisfactory.

(viii)



1. Technical Instruction and Practises

1.1 Marking Trenches

The first job of a RWO is to mark the trenches.,
Marking is done from aerial photographs onto which
the trenches have been marked very accurately, and 1is
divided into two phases.

1.1.1 Marking a new line

The object here is to locate the trench on the ground
in accordance with the aerial photographs, and to chain
along its length in order to establish the quantities
of pipes and fittings required.

(i) Where possible the line should be marked in the
dry season.

(ii) The line should be as close as possible to that
shown on the aerial photograph,

(iii) The RWO should walk along the line before marking
to check for obstacles such as large rocks or ant
hills. River and gully crossings should be inspected
and measured. Drawings of the proposed crossings,
including a list of requirements must be handed to
supervisor,

(iv) In general the pipeline should be kept on a ridge,
to have the branch lines running down hill, and to
Prevent air locks on high spots.

(v) The line can be adjusted slightly to avoid obstacles,
and to align with the chosen sites for river and
gully crossings.

(vi) Near a main road the line should be placed off the
road to allow for future widening of the road.Follow
telephone wires if possible,

(vii) On sloping ground the line should be on the uphill
side of the road and clear of drainage channels.



(viii)

(ix)

(x)

(xi)

(xidi)

(xiii)

(xiv)

To keep the line reasonably straight line up with
a distant object such as a tree or a hill, and
mark directly toward it.

At least 10 village people are required for marking.
The line should be made straight by lining up 4 or
5 people spaced at about 30 pace intervals. If the
undergrowth is tall long poles can assist.

When the people or poles are lined up straight,
fix marker sticks firmly to mark the line.
Mainlines should be chained and pegged. Each peg,
distance between pegs 100 ft., 30 m, should be
numbered consecutively.

Chaining the line should be done after clearing

in order to be accurate.

Marking, clearing, and chaining are preferably
done in one day to avoid making more than one

programme,

1.1.2 Marking out for excavation

The object here is to prepare the line for digging,

involving complete clearance of the ground, and division

into appropriate sections for each village.

(1)

(ii)

Marking out the line can be completed the day befo-
re the main programme is due to start, and can be
done by project staff and a few local people. This
avoids having hundreds of people waiting

around the following morning while the beginning

of the line is marked out for digging.

The line ahead should be cleared of bush to
a width of 2 m, for A.C.lines and 1.50 m for PVC

lines.

(iii)Line up strings parallel to each other. The

assistance between the strings is 0.60 m for
A.C. lines, and one hoe-width for PVC lines.



(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

Mark out the trench on the ground, by digging
a line with hoes, as near as possible to the
strings. Make sure that the lines are marked
right up to the strings. This can be achieved
by holding the string tight to the ground by
standing on it or laying a piece of wood or
stone across the string.

The line should then be divided into sections
of about 1om. to be allocated to person.

Initially, the village turn-out is likely to be
abnormally large, It is essential that adequate
preparations are made to ensure a smooth start

to the programme, If there is chaos and confu-
sion at the start, little progress will be made
and the people will be discouraged. As many membe
rs of staff as possible should be present to
prevent this.,

Tools, marking strings, measuring sticks for
checking the trench depth, should all be delivered
or prepared before hand.

On the day the programme starts, send one leader
ahead with about 20-30 people to continue clearing
the line of bush, from where work stopped the

previous day.

Select another leader with about 10 men and teach
them how to divide the trench into two or three
metre sections.,

Do not mark or dig at the position of gully or
river crossings. This should be done immediately
before the pipes are laid.



1.2 Trench Digging

1.2.1 Organisation and Standards

(1) Before the digging programme starts, the RWO should
draw up a digging timetable, for the villages on
his line, in cooperation with the Section Commi-
ttee. It is important to have a list of villages
and populations, so that a balanced programme can
be established.

(ii) The introduction of the work to the leaders and
people is very important and must be done properly.
Enlist the help of local leaders from among the
villages, to help organise the work. Do not take
all the responsibility and organisation upon '
yourself,

(iii) Select a number of leaders to receive people as
they arrive for work, and to allocate each person
to a section. This may be done according to the
nature of the soil (e.g. 3 m. of a man, and 2 m
for a woman for easy digging). The leader must
explain that the people must finish their section
before they can go.

(iv) Village leaders should be given a measuring stick,
and told to make sure that the trench is dug to
full depth, and that nobody should leave before
they have finished.

(v) Project staff should assist the leaders and
concentrate their efforts where problems are
encountered, such as where rocks block the line,
or difficult soil is present (e.g. laterite)}.



(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xidi)

After the day's digging, the RWO should inspect
the trench to check depth, width, and straightness,
The next day a few people may be allocated to tidy
up any minor problems.

Major problems will obviously not be solved in
a day, and men should be allocated to work on
these, It 1is very strongly recommended to try
to overcome these problems at the time, rather
than leaving them, with the intention of coming
back later, (laterite hardens as it dries out
and people get discouraged when they have to go
back a long distance to clear up the trench).

Problems concerning the organisation of the

work, such as leaders not wanting their wives and
children to go for work, or continuous low
attendance of certain villages, should be referred
to the Project Committee, but the authority of the
RWO must be retained., He is always in charge at
the trench and should not allow the villagers to

dictate to him.

Project staff should ensure tools are distributed
as required. (Villagers bring their own hoes, the
Project supplies pick, sholvels, crow bars, axes

and sledge hammers).

Trench depths: 1.20 m for AC lines

0.75 m for PVC lines smaller than
75 mm.

0.90 m for PVC lines above 75 mm,

Earth should be heaped on the uphill side of the

trench.

Always measure the depth of the trench from the

lower side,



(xiii) Adjust the actual depth of the trench, in case of

fluctuations in the ground level, to make the
trench bed horizontal.

1.2.2 Maintaining the trench digging Programme

(1)

(ii)

(1ii)

(iv)

If the programme has begun well, it will settle
down to a steady rate of progree., Some villages
may be weaker than others, but the wWater Project
Committee should resolve matters when this occurs,

If the section is long and difficult, attendance
at the trench may bégin to drop after 2-3 months.
This may be partly due to the harvest, and partly
to waning of the initial novelty and enthusiasm.
By this stage 75% of the section should be dug.

When attendance falls, the chairman should call a
meeting to discuss the problem,and to encourage
the people to return., At this meeting 1t 1is
important to stress the achievement so far, and

to report progress on other sections. By this
stage it should be possible to start laying, and
it is a boost if a date can be fixed for the
laying to start on a completed part of the trench,
Once laying starts, the people are usually encoura -
ged to work harder to finish the trench. It may
be approprisle to reorganise the programme, SO

that each village is given a secticn remaining

t

o be dug.

If attendance continues to be unsatisfactory,
the Committee should again meet to discuss

the matter. It could refer to the Main Project
Committee, which may ask the Chief and District
Party Officials for help. The initiative for
this should come from the Committee. The Party
and Chief may then call a Public Meeting, after
which attendance usually improves,

-6 -



(v)

After digging has been completed, the programme
must continue for laying and backfilling without
delay, as otherwise excavated earth will begin
to fall back into the trench, which will dis-
courage the people, as they may have to re-dig
their sections, before laying can take place,



1.3

1.3.1

T¢3.2

1T.3.3

Overcoming Obstacles

The following is a guide to dealing with the most
common obstacles:-

Laterite (ngaga)

Laterite has to be removed from the trench either with

hoes, if it is soft, or with picks 1f it is hard. It
is best to remove laterite as early as possible, to
prevent it from hardening during the dry season.

Flooding

Trenches are often waterlogged just after the rainy
season, especially in dambo sections. If water is
found, miss out the section, in order to allow the
water to dry out, and the water table to sink. If
water is still found at the end of August, or when
pipe laying has reached the waterlogged section, two
methods can be attempted to remove the water:

(1) Dig a drain away from the lowest point of the

trench, and drain the water away.

(ii) Dam the trench in sections, and bail the water
out of each section, just before laying. Lay
immediately after bailing.

Rocks

Rocks can be removed in four different ways:-

(1) Manually using crowbars and rope.

(ii) With a winch and pulley system (block and tackle)

(iii) By succesive heating and cooling, using fire,
and water dousing.

(iv) By blasting.



Most rocks can be removed by hand. Big rocks which
cannot be removed in one piece can often be broken,
using hammers and crow bars.

If rock is hard and too big for manual removal, the
block and tackle can be used.

If a block and tackle is not available or if the
rock is too big for the winch, the rock can be
broken using fire ., Instructions for rock burning are

as follows:-
(1) Remove soil from around the rock.

(ii) Heap firewood carefully around the rock,
especially near its base.

(iii) Light the fire at dawn.

(iv) After 5 or 6 hours remove all burning firewood
and pour several buckets of water over the rock,

(v) Attack the rock with sledgehammers.

(vi) When cracks develop open them with a crowbar
and pour on more water,

(vii) Stop pouring water when the surface has cooled;
and allow the surface to heat up again, from
within, before pouring on more water.

(viii) The burning process may have to be repeated for
very large rocks,

(ix) Some rocks break more easily than others. Rocks
as big as a land rover, have been broken by this

method,
-9 -



Blasting is the last resort to remove rocks, and this
course of action is decided upon by the Project Engi-
neer, after all previously described methods have
failed, or been deemed unsuitable,

- 10 =



1.4

Te4.1

1.4.2

Installation of Asbestos Cement Pipelines

Background

Assuming trench digging usually starts in March,
the pipe laying should start in May/June, after the
trench has been dug. Laying should be finished by
October/November, before the start of the rainy
season.

It is absolutely essential that the Asbestos Cement
pipe lines are laid to the highest possible standards.

It is important that the laying team gets all the
proper equipment to do the job. For example the
absence of a supply of clean cloth, will affect the
standard of joints adversely.

Details of A.C.Pipes

(1) All pipes are 4 m. long,
Pipe sizes are: 100 mm, 125 mm, 150 mm, 200 mm
and 225 mm.

(ii) The ends of the pipes are machined to exact size
to recelve the cement comet joint, and should be

checked before joining.

(iii) A.C. pipes are relatively heavy, and fragile.
They should therefore be handled with care.

(iv) Large size collars have a centre rubber ring which

acts as a spacer between pipe ends. TIf the
centre rubber ring for larger pipe sizes fits
badly and prevents the pipe from being connected
correctly, then it may have to be cut to make it
fit. Centre rubber rings are not essential as

a seal, but they prevent the pipes from

- 11 -



touching when expanding, and should therefore
be fitted whereever possible, Rubbers of
abnormal size or flexibility, (too soft or too
hard, too thick or too thin) should be handed
over to the Project Engineer, to be returned

to the manufacturer for replacement.

Te4.3 Laying Organisation

Efficient laying is largely a matter of organisation.
The joints themeselves, although obviously important,
are the easiest part of the operation.

(i) Clearing

One leader, and a group of people should go
ahead of the laying team clearing the trench
of earth and debris.

(i1) Levelling

One leader, and a group of people should then
backfill 3 inches (7 cm) of soft soil, and rake
out trench bed to a smooth, soft, level surface.
The levelling is very important and should be
supervised by a member of the laying team.
Boning rods are used to ensure that the level
is exact. Unless otherwise directed by a super-
visor, boning rods are compulsory.

(iii) Carrying of pipes

Another group should carry pipes from the dumps,
and lay them end to end along the trench.



(iv) Preparation of Collars

The rubber rings should be inserted, and scaped
at the dump.' One prepared collar should then
be placed alongside the treach at each joint.
Although the setting of rubbers can te done by
self help people, the RWO has to check every
comet, plus rubbers before fitting to ensure
that the rubbers are well placed.

(v) Lowering the pipes into the trench

Before lowering check that there is nothing
inside the pipe. The first pipe to be lowered
should be palced about half a metre from the
previously laid pipe, to allow room for the
joining procedure, The remaining pipes should
be lowered in and placed end to end.

(vi) Joining
The joints themselves should be done by the
laying team and do not require village labour.
These joints can be connected when the people

have left.

1.4.4 Connecting of Asbestos Cement Collar Joints

{a) Fitting of Collar

(i) Remove the 7 cm of backfilled soil from
under the head of the pipe. '

(ii) Clean inside of collar with rag
(iii) cut length of centre rubber, and fit.
(iv) Clean and fit rubber rings, then apply soap.

(v) Clean pipe with rag, and apply soap.
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(vi) Push collar onto the pipe end with a
crowbar, and-check for square.

hY

(b) Fitting of pipe

(1) Check that the rubber ring is clean and
soaped.

(ii) Clean pipe end with rag, and apply soap.

(iii) Push the pipe into the collar with a
crowbar.

(iv) Check that the collar is square, and cen-
tral,

Equipment needed: Crowbar, soap, rag, wooden
blocks, knife, boning rods.,

NOTE: DO NOT ALLOW ANY STEPS TO BE LEFT OUT,
AS THIS WILL RESULT IN LEAXAGES, OR EVEN
BREAKAGES .

1.445 Checking

(i) After joining check that the pipe ends are not
touching. The machined ends should be visible
for nearly 1 cm on either side of the collar.

(ii) Ccheck that the weight of the pipe is not resting
on the collar. The collar should be clear of
the ground.

(iii) After laying a section of pipes, arrange them |

so that they lie in a straight line or a smooth

gradual curve,
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T.4.6 Backfilling

"All villages which are not engaged in the laying of
pipes should be backfilling the trench. The backfill-
ing 1s very important, but there is a danger that 1t
will not receive the adequate supervision it requires
pecause i1t may be a few hundred metres away from the
laying. Backfilling of A.C., pipes can be divided into
three separate stages as follows:-—

(1) Backfill with sufficient soft soil, to just
cover the pipe and collar, This soil should be
completely stone free, and compacted tightly
around the pipe, using hands or feet. This is
the most important of the three stages.

(ii) Backfill to half the trench depth with the
excavated soil, and compact it using feet,

(iii) Backfill completely, using all the excavated
soil, and form a ridge on top of the trench.
This ridge should be discontinued at gullies,
where rainwater should be allowed to pass freely,

1.4.7 Flushing of A.C, Pipelines

If possible an A.C. pipeline should be flushed at
intervals of one kilometre. This should be undertaken
with the open end raised above the trench to avoid

flooding.
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1.5 Fittings uskd on Asbestos Cement Pipelines

1.5.1 Description

The following fittings are commonly used in the

projects in conjuction with A.C.Pipes:-

*¥ Short collar joint * reducer

(Gibault joint)
* saddle piece * flange adaptoxr
* end cap ¥ double air valve
* hydrant tee piece * single aixr valve
* tee piece ¥ sluice valve
* bends * flush point.

1.5.2 Connection of fittings

(1)

(i1)

(1ii)

(iv)

The site of every fitting, on an Asbestos Cement
line, should be marked at the trench with a
label. These points should not then be back-
filled until pressure testing is completed.

The connection will either be made at the time
of laying, or more usually, after the pipes have
been laid. Reducers are connected after the
pipeline has been flushed, to avoid debris left
in the pipe accumulating at the reducer.

Airvalves should be at high spots, and flush at
low spots. Both are located following a longtudi-

nal survey by the Project Engineer.

All valves should be protected by prefabricated
concrete culvert rings and a cover. The rings
should be supported on a brick base (not on the
pipe), and the top ring should protrude above
ground level; 0.5 m diameter rings are suitable
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(v)

(vi)

(vii)

(viii)

(ix)

for single air valves and sluice valves,whilst
0.7 n diameter rings are used for double

air-valves,

Check the size and class of the Gibault fitting,
and the pipes, to ensure that they are compatible.,
Special Gibault joints are available for reducing
between different classes of A.C. pipes.

The colours to identify between the different

classes are:-

Class 12 blue
Class 18 yellow
Class 24 green

To test for faults in the fittings, inspect
closely to see if any cracks are visible, Tap
fittings with a spanner; a dull sound indicates
that the fitting is cracked.

Check that the correct bolts are used, and that
they are available before work begins.

The threaded part of the bolt normally points
in the direction of flow. In the case of sluice
valves, bolts are placed such that they can be
tightened easily.

If a fitting leaks, then it may be due to the
bolts not being tightened fully or evenly,
or to the rubber not fitting properly.

Gibault joints, saddle pieces and end caps should
always be collected complete, Check at the store
that nothing is forgotten, before leaving for

work,
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1.5.3

T.5.4

Cast Iron fittings

The most commonly used Cast Iron fitting is the
Gibault, or short collar joint. These are used to
connect fittings such as bends, reducers, tees,

flange adaptors and hydrant tee pieces., A gibault
joint consists of two flanges with bolts, two rubber
rings, and a centre collar. Fittiyg of Gibault joints
should be carried out inside the trench as follows:

(1) Check that a hollow has been dug in trench bed
to accommodate the fitting.

(ii) Slip a flange over each pipe end.

(iii) Slip a rubber ring over each pipe end, and
put it in position with a spacer. Do not roll
this ring.

(iv) 1Introduce pipe ends to collar, until the rubber
rings touch the collar, with a gap between pipe

ends.,

(v) Bring the flanges up to the rubber rings, insert
the bolts and tighten evenly.

Equipment needed : Two spanners, and a Backsaw.

NOTE: Gibault joints should be left exposed until the
line has been tested.

Thrust Blocks

Wherever the pipeline changes direction, at a bend
or junction, or reduces in size at a reducer or 1is
closed at a sluice valve or endcap, then the pipe

must be anchored by use of mass concrete.
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(1) In the case of a bend or a tee piece, (not a
hydrant tee piece), the concrete must support
the actual fitting in the direction of thrust,
l1.e. the concrete must touch the actual fitting.

(ii) 1In the case of a reducer, a hydrant tee piece
used horizontally (e.g. at flush points), or
a sluice valve, the concrete should be applied
to a "puddle flange" which i1is a short piece of
pipe one metre long with a flange welded in
the middle, the flange being cast into the
concrete block,

(1ii) The concrete should itself be pushed against
compacted earth, therefore do not excavate more

than the space to be filled by concrete, otherwise
it will be founded on soft backfill, which will

settle.

(iv) The concrete mass should be about one cubic
metre (about one bag of cement with a concrete

mixture of 6:3:1),
(v) When casting concrete, care should be taken to
keep all bolts clear of concrete so that the

fitting can later be removed easily.

1.5.5 Requirements for Installation of A.C.Fittings

Before the job begins check very carefully that all
necessary equipment is available on site:

(i) Saddle piece Kit

* complete saddle * brace and
* jointing compound * cloth
* pot and water * two spanners
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(i1) Tee Piece Kit

The example quoted here is for a 150 mm equal
tee, but will have to be suitably altered for
other sizes.

1 NS Tee Piece 150 x 150 x 150 mm
3 N9 Gibault joints 150/class 18 complete plus
rubbers and bolts,

o)

3 N. Flange adaptors (flange drilled to corre-
pond with holes in steel flange).

puddle flange 6"

flanges 6"

e 0 +0+0

sluice valve
12N. bolts and nuts
2 N. spanners for Gibault bolts and nuts

O e O

3 N, rubber gaskets (#") for flange connections,

(@)

1 N. knife to cut gasket.

(iii) Hydrant Tee Piece

These are used for the connection of flush
point, which are situated at low points along
the line, at regular intervals.

The purpose of a flush point 1s to remove any
sediment which may have accumulated at a low
spot on the pipeline.

It is basically a Hydrant Tee, controlled by a
sluice valve, When the valve 1s opened water
will flow quickly out of the main line, carrying

any sediment with it.

1 N Hydrant Tee Piece 150 x 75 mm class 18,

> N9 Gibault Joints 150/Class 18, with bolts
and nuts.

1 N? Puddle Flange 3".

12N? Bolts,
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(iv)

(iv)

N. Flanges 3".

N. Sluice Valve.

N. Spanners.,

Rubber Gaskets

Knife, Cloth, Jointing Compound

Reducer .

The example quoted here is for a reduction
from 150 mm to 100 mm, and suitable alterations
will be necessary for other sizes,

1 N9 reducer 150 x 100 mm/ class 18.

NQ gibault joint 150 mm/class 18 with rubbers
and bolts.
gibault joints 100 mm/class 18 with rubbers

and bolts.
flange adaptors 100 mm/class 18.

N
=
o)

puddle flange 4".
flanges 4",
sluice valves 4",
rubber gaskets,
knife,

hacksaw.,

no
e Qe Q eQ eQ Qe OO 0

2 2 2 2 2 2 2 2

bolts plus nuts
jointing compound
cloth

- water plus pot

End cap

¥ endcap plus rubber and bolts.,
* spanners.

* hacksaw.

¥ water plus pot.

* cloth.
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(v)

(vi)

Airvalves

Air trapped as small bubbles in the pipeline
accumulates at high spots and can cause an
airlock. Both single and double air valves
release this air, single airvalves through a
small nozzle,and double air valves release
great quantities of air while filling the
pipeline with water,

Air valves are sited at every high spot. A
single airvalve is fitted to a saddle piece
with a reducing bush (13" x 3") and a nipple
(2"). A double air valve is bolted onto the
upward facing 3" flange of a hydrant tee piece
with 2% x 2" bolts.

The symbol for a single air valve is V and for
a double air valve is VV,

Control valves

Control valves are used in the event of
breakages or repairs. In mainlines above 90 mm
sluice valves are used as control valves. In
all other instances gate vailves are used,

The symbol for control valves 1s a green cross
inside a dgreen circle.

For protection and operation purposes all valves
are inside prefabricated concrete rings and a
cover (see drawings on tank connections). The
rings should be supported on a brick base, not
on the pipe, and the top ring should protrude

above ground level. 0.5 m diameter rings are
suitable for single air valves,and sluice valves.

For double air valves 0.7 m rings are used.
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wWhen operating sluice valves or gate valves,
great care should be taken to open,or close,
very slowly. Rapid and jerky opening,or closings
may not only damage the valve, but may cause
many breakages in the pipeline,due to the impact
of the water being stopped suddenly,which is
known as the "water hammer shock". It suggested
to make half a turn of the key per minute.
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1.6

Procedure for Pressure Testing of an A.C. Main

(1)

(11)

(1ii)

(iv)

(v)

(vi)

(vii)

(viii)

The pipeline should be filled with water and
be allowed to flush, running full, for at least
24 hours before testing.

Section to be tested should be as short as
possible, usually between two sluice valves,

A pressure gauge should be fitted to the line.

After flushing, the downstream sluice valve of
the section should be closed slowly, so that the
pressure builds up slowly and evenly.,

When maximum static pressure is reached. the
upstream sluice valve should also be closed.

The pressure gauge should then be observed .
Initial pressure l1oss may be due to water
absorption in the wall of the pipe. In this
case full static pressure should again be atta-
ined, and the test started only when it is
certain that wall water absorption i1s complete.

If the line maintains full static pressure for

6 hours, it can be pumped up to test pressure
by using a hand test pump. The line should be
tested to 75% of the manufacturers test pressure
or to 150% of the maximum static pressure,
whichever is the less,

The test is satisfactory if the test pressure
1s maintained overnight.,



(ix)

(x)

(xi).

For a long section of large diameter pipe,
the hand pump will be inadequate. In this
case,the maximum static pressure must be
maintained for 72 hours,for a satisfactory
test.

Breakages may be due to Egylty manufacture, faulty
handling or faulty.laying. Leakages are usually
due to faulty lafing. A common reason for
leakages,is displacement of rubber rings inside
the coments, this displacement occurs when
pushing the A.C. pipes "home" too qﬁickly.

_ ae
Thé purpose of the test,is to expose the weak-
ness in the main line,so that they can be
repaired while project staff are still around,
and before the supply is connected to the
consumers.
A full record of the test procedure should be
kept, including details of any leakages or
breakages detected.
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1.7’

Installation of PVC Pipelines

1.7.1 Background

Assuming trench digging usually starts in March, the
pipe laying should start in May/June when most of the
trench has been dug. Laying should be completed
by October before the onset of the rains.

Initially efforts are concentrated on installing
the main line, with branch line digging, and laying
usually proceeding once the main line is completed.
If care is taken at gully crossings and obstaclg&s,
laying need not necessarily be delayed during the

rainy season.

Delivery of P.V.C, pipes along the lines is done
before the actual laying starts. Preferably the
bigger sizes, and if possible the smaller pipe sizes

also are delivered to the lines by pipe carrying lorry,
which is by far the most efficient method of distribu-

tion. The RWO 1s responsible for informing the
supervisor of the programme for pipe deliveries.

1.7.2.Details of PVC Pipes

(iid)

(i) Pipe sizes used vary from 160 mm diameter to

16 mm diameter, although all pipes are 6 m long,

(ii) P.V.C. pipes can be joined in 2 ways,with solvent

cement which is a chemical Jjoint, or with xrubber

rings.

P.V.C. piPes must always be stored in the shade,
Sunlight makes the pipes brittle and weak. When
delivered to the project, pipes can be stored
inside an iron roofed shed} under bamboo mats,

or in the shade of trees along the branch linese.
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When storing large quantities of pipes for
long periods, they should be stacked neatly

in layers, each layexr lying prependicular to
that directly below it. Heads should be
alternated to ensure an even stack. Maximum
stack height normally is 1 m fdr nested pipes.
The stack height for the bigger pipe sizes may
go up to 1.5 m, if there is only one pipe size
in the stack.

1.7.3 Laying Organisation

(i) Clearing

A group of people should go ahead,clearing the
trench of earth and debris,

(ii) Levelling

Before laying, the RWO should walk down the
line,and check that the trench is dug fully to
0,75 m (2' 6"),or 1 m for pipes above 75 mm.
‘The trench should then be levelled properly,
using soft soil as a bedding for the pipes.
Often little attention is paid to the levelling
of trenches, which is one of the major reasons
for subsequent breakages.

(iii) Carrying of Pipes

Another group should carry pipes from the nearest
pipe dump, and lay them end to end along side the
trench, with heads facing toward the source of
water. The trench should be fairly straight.

If you pick up the pipe at the middle,you will
see how much it will be allowed to bend when

laying.
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(iv)

(v)

Placing in the Trench

For rubber joints,the pipes may be.laid into
the trench immediately after joining.

For solvent cement joints,the pipes should

not be laid in the trench for at least 30 minutes
after joining.

For solvent cement joints joined after 9 a.m,,
the pipes should be left along side the trench,
and not be lowered into the trench until the
next morning.

It is good to cover the joints themselves with
some soll, to prevent the freshly made joints
from becoming hot.

Backfilling

Ensure that soil is properly compacted around
the pipe, and not just loosely dropped into
the trench,

Ensure that the pipe is not laid on sharp stones,
and that the backfill material does not contain
any stones, Sharp stones can cut the pipe as it
vibrates when carrying water, or when soil is
being compacted above 1it,

Pipes with solvent cement joints should not be
backfilled after 9 a.m. This is to avoid
breakages at joints because of contraction,due
to changes in temperature. A line 1 lm long
can expand or contract by almost 1 m during a
change in temperature of 10° c.

Rubber jointed pipes can be backfilled at any
time, as the contraction can be taken up at each

joint.
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(vi)

All soil from the trench should be backfilled,
and heaped over the pipeline to make a promi-
nent ridge.

The ridge should not extend accross gullies
or waterways., These should be left free for
rainwater to cross unhindered.

Flushing

Eight hours after joining the pipes, water can
be turned on to flush the pipeline. This
should be done as frequently as possible, and
always before any reducer or Tee connection is
fitted., The open end of the line should be
lifted out of the trench to prevent flooding.

1.7.4 Repair of Breakages

Breakages on P,V.C. lines are repaired by removing the

broken piece of piping, and inserting in its place a

piece which has been cut to size, and which has heads

formed on both ends.

Before removing the broken piece of piping,the water

is switched off at the nearest control valve upstream,
and the line allowed to empty. The procedure to

adopt in the case of a breakage is as follows:-

(1)

(i1)
(iii)

(iv)

Turn off water at nearest control valve upstream,
and allow the line to empty.

Expose the section of pipe which is leaking.
Cut out broken length of pipe.

Cut a piece from a new pipe of the same diameter,
of similar length but allowing 100 mm at either
- 29 -



end to form the heads.

(v) Form heads on this piece of pipe by heating the
ends on a fire, and pushing another piece of
pipe into them whilst they are still hot and
flexible,

(vi) Fit the new piece of pipe using solvent cement
joints, in the normal fashion,

(vii) Switch the water on at the control valve, and
check to see that the repair has been successful.

(viii) Backfill after the water has been on for an hour,
and the repailr is showing no signs of leaking.
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1.8

1.8.1

P.V.C.Fittings:

Description:

The different types of PVC fittings employed at the
Rural Water Projects are numerous. It is due to
this great variety of fittings that they often pre-
sent great difficulties to the RWO.

However the sizes are marked on all the fittings,
and these should always be checked before setting
off for work. The RWO should prepare a list of
fittings required, and give it to the Supervisor
well in advance of the fittings being needed. He
should keep a duplicate of this list, and then
double check with 1t when the fittings arrive, The
various fittings used are shown in the diagrams, and
a brief outline of their uses is given below.

(i)  Elbow 90° (F/F)

This is a Female/Female (F/F) fitting, which
means that the pipe fits inside it at both its
ends. These are used where the direction of
the pipeline 1s to be altered. For larger
sizes the elbow will need to be held in a
thrust block of concrete, to support the pipe
against the pressure of the water as it changes
direction. Sizes availlable vary from 20 mm

up to 140 mm.

(ii) Equal Tees 90° (F/F/F)

These are used at a junction in the mainline
or a branch line, where the sizes of both lines

are the same,
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Here too the pipes will fit inside the Tee as
it is a (F/F/F) fitting.

Where Reducing Tees are unavailable, then an
Equal Tee can be used, with a Reducing Bush,
which will alter the outlet size to that required
for the size of the branch from the mainline.

Sizes range from 20 mm to 140 mm.

(iii) Reducing Tees 90° (F/F/F)

wWhere the line is joined by a branch of smaller
size a Reducing Tee will be used. It is a
(F/F/F) Fitting, where the larger diameter is
the size of the mainline, and the smaller the
size of the branch. The largest size of any
Reducing Tee is 63 mm, as above this size
saddles should be used. For a reduction from
50 mm to 32 mm, the notation for the Tee would
be 50-32-50 mm.,

(iv) Sockets (F/F)

These are used for the commection of PVC to
steel pipes. One end of the socket will accept
the PVC pipe in a normal solvent cement joint,
whilst the other is internally threaded, and
will be screwed onto the threaded end of a steel
pipe. A typical example of their usage is to
connect a tap-unit to the incoming line, where
the socket used would be 20 mm by 1".

(v) Reducing Sockets (F/F)

Where the line is to change diameter, from a large
size to a smaller one, then this can be done by
fitting a reducing socket.,
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(vi)

(vii)

Again it is a (F/F) fitting, with the pipe being
fitted into the socket at both ends. It is
normal to give the larger size first when quoting
a socket needed, and for reducing from 50 mm to
32 mmthe notation would be 50-32 mm Reducing
Socket.

Reducing Bushes (F/M)

With the Female/Male, (F/M), Reducing Bush,

the pipe size is reduced by fitting the larger
pPipe into the Female end of the bush, and by
fitting the smaller Male end of the bush into
the smaller pipe. The male end of the Reducing
Bush is called a Spigot End. The notation 1s
the same as for a reducing socket 50-32 mm
Reducing Bush.

Reducing Bushes (M/F)

These are usually called "short pattern" Reducing
Bushes, and they take the form of a small piece
of pipe, which has a thicker wall at the outlet
end, from that at the inlet end.

The Male end fits into the larger size pipe,
with a normal solvent cement joint, before the
smaller size pipe is fitted into the Female end
of the Reducing Bush,

(viii)Saddle pieces (F/F/F)

For sizes of mainline or branchline larger than
63 mm, then a saddle piece 1s used in place of

a reducing tee, to reduce to the size of the
branchline., The pipe first has to be drilled to
the diameter of the outlet, before the saddle
piece is bolted ovexr the top.
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(ix)

(x)

The pipe is always drilled on top, and the
saddle fits in the vertical position., The
pressure of water in the pipe will force it
out through the hole in the top of the pipe.

Endcags

Endcaps are used to block the end of a line,
and have one Female end. They are fitted in a
normal solvent cement jointing procedure.

They can be used to block the end of a line
which is already supplying taps upstream, but
does not yet have taps connected downstream, and
there is no gate valve to be fitted nearby.
Another use could be to block a branchline

‘before it is due to be laid. The reason for

this would be that the people from the branch
would be still required to work on the main line,
or at a tank site. By fitting an endcap, the
RWO can place the Reducing Tee needed for the
branch as he 1s laying the mainline, which would
save the operation of cutting the main line,
when he comes to lay the branch.

when he does come to lay the branch, the RWO

saws off the endcap and discards it.

Adaptor (F/M)

This is a fitting which is used in the connection
of PVC and steel. The Female end accepts the
PVC pipe in a normal solvent cement joint, whilst
the Male end is threaded, and is able to screw

into the steel fitting.
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The most common use for these adaptors is the
connection to gate valves, where they simply
screw into the valves themselves., They are
also used at flush-points, where they screw
into the female end of the steel tee, Another
use is 1in the fitting of air valves.

1.8.2 Compiling a Fittings List:

The example given here illustrates the way in which
to compile a list of fittings, required for a parti-

cular section of line.

32 mm i)y 25 mm (ii) 20 mm

uur 9L

ur 02

(iid) (iv)
o o)
Consider the fittings needed at the four points marked,

and systematically list the fittings.

(1) Here the line is reducing from 32 mm to 25mm,
as well as branching off to a 20 mm tap conne-
ction. Gate valves have to be fitted as the
branch is reducing in size, and they are also
needed on all lines leading to taps.

The fittings needed will be as follows:

* Reducing Tee 32-20-32 mm
* Reducing Bush 32-25 mm
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(i1)

(iii)

(iv)

* Gate Valve 32",
* Two F/M Adaptors 25 mm by 2"
¥ Gate valve 1",
* Two F/M Adaptors 20 mm by 1",

Here the line is peing reduced from 25 mm

to 20 mm, as well as branching off to a 16 mm
tap connection. Therefore the gate valves
will again be needed. The fittings needed then
are:-—

* Reducing Tee 25-20-25,

* Reducing Bush 25-20 mm.

* Two Gate Valves 3",

* Four F/M Adaptors 20 mm by 2z".

* Reducing Bush 20-16 mm.

Here the standard fittings for a 20 mm tap
connection are needed.

* F/F Adaptor 20 mm by "
* Tap Unit.

* Bibcock %".

* Plug 2".

* Spare washer 3",

Here it 1s the standard fittings for a 16mm
tap connection,

*

F/F Adaptor 16mm by 3”.
Tap Unit.

Bibcock Z".

Plug.

Spare Washer,

* ok ok %k

By systematically considering a section of line
in this way the RWO can always compile a compre-
hensive list of the fittings to be used.
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PV C FITTINGS

(i) Elbow  90° (F/F) (i) Equal Tee (F/F/F)

-

(iii) Reducing Tee (F/F/IF) [iv)  Socket (F/F)

i i (FIM)
(v] Reducing Socket (FIF) (vi) Reducing  Bush
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PV C FITTINGS

D

[vi) Reducing  Bush (M/F) {ix) Endcap

(x) Adaptor (F/IM)

(vii) Saddle Piece {FIFIF)
Cross section
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1.9

1 .9.1

1.9.2

Installation of Steel Pipelines:

Background:

Commonly used sizes of steel pipes are, 6", 4",3",
ofn, on  qn, 2rn_ In. with all pipes being 6 m long.
These pipe sizes are internal diameﬁers, whereas the
sizes given for PVC pipes are external diameters.

Steel pipes are used whenever the pipéline is exposéd,
such as at river intakes or gully crossings. They
are also used for road and river crossings, where
although they are buried there is a possibility of

damage.,

These pipes are threaded at both ends, and care must
be taken whilst handling them not to damage these
threads.

Steel pipes are strong enough to support themselves
over a span of a single pipelength. However for
longer spans, the pipeline must be supported by
pillars, at a maximum spacing of 12 m.

Laying Procedure:

(1) Equipment necessary is as follows :— Wire brush,
hacksaw, 2 pipe wrenches, jointing compound,
spanner, rubber sheeting for gaskets.

(ii) Remove rust and dirt from the threads of both
pipes and sockets, with a wire brush (damaged

threads can be repaired with a hacksaw).

(1iii) Spread jointing compound evenly around the end

of each pipe to be joined and inside the socket
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(iv) Screw the socket onto one pipe end.

(v) Carefully line up the next pipe and screw it into
the socket.

(vi) Tighten with pipe wrenches.

1.9.3 Fitting Flanges:

(1) Prepare the pipe ends and threads of flanges
as above,

(ii) Screw the flanges onto each pipe end.

(1iii) Cut out a piece of rubber sheeting and make
holes in it for the bolts.,

(iv) Bring the flange faces together with gasket
in between.

(v) Insert bolts and tighten up evenly, tightening
each bolt a little at a time,

1.9.4 Joining Steel to PVC Pipes:

(1) For PVC pipe sizes ranging from 16 mm to 63mm,
Female/Female (F/F) adaptors are used for the
connection,

(ii) For PVC pipe sizes greater than 63 mm, a Male/
Female adaptor and a steel socket are used.
The socket is fitted to the end of the steel
pipe, and the adaptor carefully screwed into
place. The PVC pipe is then joined to the
Female end of the adaptor with a normal solvent
cement joint.
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1.9.5 Joining Steel to A.C, Pipes:

(i) Bolt a flange adaptor to the A.C. Pipe.

(ii) Fit a steel flange to the steel pipe as
described above,

(iii) Prepare a gasket cut from the rubber sheeting.

(iv ) Bolt the flange and flange adaptor.together
with the gasket placed between them,

1.9.6 Fittings List:

The following are fittings which will be used in

conjuction with steel pipes:-

¥ % ok x %k Xk

Sluice Valve * End Plug

Gate Valve * Tees, Equal and Reducing
