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PREFACE

This volume is part of the Final Report of the MDP Production Team which
produced Training Materials for Water Enterprises as part of a project
the bilateral cooperation programme between the Government of the
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Module ¢ IDENTIFICATION OF PIPES Code ¢ TEG 100

AND FITTINGS
Edition : 20-03-1985

Section 1 : INFORMATION SHEET Page : 01 of 01/11
Duration : 90 minutes.

Training objectives

Trainee selection

Training aids

Special features

Keywords

N

After the session the trainees will be able to :

— identify AC, uPVC, (Grey) cast iron, ductile
iron and galvanized iron pipes;

—~ identify bends, tees and branches.

~ Pipelayer:
~ Pipeline Inspector;
~ Construction Supervisor;
— Head of Sub-section Purchasing;
- Head of Sub-—seclion Warehousing;=—
- Head of Section Distribution; -
5 & Connec-

— Head of Sub—section Distribut J:
tions; e
~ Head of Sub—section Supervision.E

— AC pipe;

— uPVC pipe;

- (Grey) cast iron pipe;

~ Ductile iron pipe;

- Galvanised iron pipe;

— Bends;

~ Tees;

— Branches;

— Specimens of corroded pipes
- Handout : TEG 100/H 1.

Pipe identification/fitting identif
and fittings.
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Module : IDENTIFICATION OF PIPES Code : TEG 100
AND FITTINGS
Edition : 20-03-1985
Section 2 : SESSION NOTES Page : 01 of 02

ll

Introduction

Important to be able to recognise diffe-

rent types of pipes and fittings because:

. pipes and fittings are designed for
specific pressures etc.;

. use of wrong material may cause leakage
etc.

A.C. Pipes

Most A.C. pipes used in Indonesia come
from Australia.

Manufactured to Australian Standard AS
1711.

4 classes of pipe related to pressures.
Identification marks on pipe.

Length of pipe colour coded.

uPVC Pipe
~ Not all uPVC pipe available in Indonesia

is suitable for use in water supply.
— Pipes are available in 3 pressure classes.

— Markings different, depending upon stan-—
dard used in manufacture.
Spun (Grey) Iron Pipe

- Little used nowadays,
fitting for A.C. pipe.

except as cast

Ductile Iron Pipe

~ Available in Indonesia.
— Manufactured to various standards e.g.
Japanese, Australian, British.

Show markings on AC
pipe

Show examples of mar-
kings

Show differences 1in
markings

Show example of case
fittings

Show examples of mark-
ings

—
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10.

Galvanised Iron Pipes

- Available in Indonesia and used up to 150
mm diameter.

— Normally manufactured to British standard
BS 1387/67.

— Markings on pipe wall.

Bends

— Bends available in a variety of materials.
— Angle of bend is normally marked on the
side: 11.250, 22.5°, 450, 90°.
— Bends normally have joints at the end e.g.
a. spigot and socket;
b. double spigot;
c. flanges.

Tees
— Sizes are marked on outside of the tee.
— Various joints on ends of tee e.g.

a. spigots;

b. spigot and flanges;
c. flanges etc.

"Y" Branches
~ Normally a 45° branch from the straight.

— Sizes marked on outside.

Summary

Show

Show

Show

Show
Show

Show

Show

Give

marking

examples

examples

marking
examples

example

marking

H1
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Module IDENTIFICATION OF PIPES Code TEG 100
AND FITTINGS
Edition : 20-~03-1985
Section 3: TRAINING AIDS Page 01 of 01
Identification of pipes TEG 100/H 1

and fittings
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AC pipes are supplied in 4 standard lengths, usually being identified
by a coloured band around the end of the pipe :

BAND COLOUR LENGTH
(metres)
Red 3.85
Yellow 3.70
Green 3.55
Violet 3.40

3. uPVC PIPES

These are manufactured from granules of polyvinylchloride (PVC) which
are mixed with up to 6% additives and heated. The mixture is then
extruded to form straight lengths of pipe, or cast in moulds to
produce PVC fittings.

Finished pipes may vary in colour from white to blue/grey. After
exposure to sunlight pipes may show a brownish discolouring.

There are many varieties of PVC pipe available in Indonesia but not
all are suitable for water supply. Some contain more than 6% addi-
tives, which makes them brittle and unable to withstand water pres—
sure. It 1is, therefore, important to identify the class of pipe
before laying.

Pipes suitable for water supply are available in 3 classes. Class
names have not yet been standardised in Indonesia and those adopted
by 3 major manufacturers are given below :

CLASS WORKING PRESSURE
(metres head)
PRALON RUCIKA WAVIN
VP AW II 100 -

AZ D ITI 80
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Depending on the manufacturer, pipes are made with outside diameters
which conform to either Japanese Standards (JIS K 6714) (Pralon &
Rucika) or International Standards (IS0) (Wavin). Pipes and fittings
made according to the two standards are not interchangeable.

Usually the class name is marked on the side of the pipe, but this is
not always the case. Where the class name is omitted the pipe must be
identified by comparing the wall thickness with pipe specimens from
the same manufacturer.

4. (GREY) CAST IRON PIPE

This is made in an electric furnace. It is silver/grey in colour and
contains flakes of graphite (see enlarged picture below). It is due
to these graphite flakes that grey iron may be cut, without lubri-
cant, by means of equipment producing a controlled crack. The
resulting crack tends to be uneven and of crystalline appearance.

Grey cast iron pipes are hardly used for water supply purposes any
more, although many older, existing mains are made of this material.
Its present use is mainly for fittings for asbestos cement pipelines.

Fig. 1. Enlarged picture of grey cast iron (left)
and ductile iron (right).
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5.

DUCTILE IRON PIPE

This is manufactured by a process similar to that of grey cast iron.
The difference is that when the iron is molten, magnesium is added to
the mix. This produces a metal structure in which the graphite is
spheroidal, rather than in the form of flakes (see enlarged picture
above). The resulting material is much stronger than grey iron, and
special cutting methods should be adopted.

Ductile iron pipes from Japan are manufactured in 3 classes, accor—
ding to working pressure. Class 1 is the strongest. Pipes which
conform to Japanhese Standards are marked as follows on the face of
the socket: .

| MAlRK
D)3+ 78 F 230

CLASS NOTATION
ie CLASS 3 NOM(IrI;J]é\ql)_ DIA

YEAR OF
MANUFACTURE

Fig. 2. JSO pipe markings.

Ductile iron pipes are also available from Australia. They are of one
class only, made in accordance with Australian Standard AS 1723 and
British Standard BS 4772. They can be identified by the red-painted
socket face.

To protect against corrosion the pipes are usually coated externally
with a black bituminous paint, and lined internally with cement
mortar. The internal surface of the mortar lining is coated with
synthetic resin to prevent break-down of the cement lining and to
lengthen its life.
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6. GALVANISED IRON PIPES

In some parts of Indonesia galvanised iron is used for sizes up to
150 mm diameter.

Various grades of pipe are available, but not all are suitable for
water supply purposes.

Pipes manufactured according to British Standard 1387/1967 can be
used. They are identified by the following markings on the pipe wall:

BS 1387/67 \iepum 2 \

BRITISH STANDARD I;(l'.}):thAL
DIAMETER

GRADE OF PIPE

Fig, 3. Pipe markings according to British standard.

7. BENDS

These are used to change the direction of the pipeline, the degree of
change being the angle of the bend. Standard bends are available to
produce changes of 11.25°, 22.5°, 450, 90°,

The angle of the bend is usually marked on the wall of the pipe. Some

bends produce the same degree of change over a shorter body length,
as shown below.

Fig. 4. Bends.
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With the exception of asbestos cement it is common practice to use
bends and fittings of the saeme material as the main.

This reduces the risk of excessive corrosion due to change of mate—
rial and avoids the need for special couplings.

Bends can be either spigot and socket type, double socket, double
spigot or flanged (see below).

SPIGOT & SOCKET FLANGED TYPE DOUBLE SPIGOT
TYPE TYPE

Fig. 6. Various types of bends.
8. TEES

These allow a secondary pipe to be laid at 90° to the main pipeline.
They are shaped like the letter "T" (in English pronounced "Tee").
The outlets may be combinations of spigot, socket and flanges.

| H
i !
o d L 1 U RN U

! R
! .

! !

| B

L

i

ALL - SPIGOT "T" WITH FLANGED BRANCH

Fig., 6. Typical T-pieces.
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9. "Y" BRANCH PIPES

These allow a secondary pipe to be laid at angles other than 80° to

the main pipeline. They are usually made with a 45° angle but other

angles can be made to order.

Fig. 7. "Y"-branch.

10. SUMMARY )

It is important to be able to recognize different types of pipes and
fittings because these are designed for specific pressures etc. Use
of wrong materials may cause leakages etc.

Pipes and :fittings used in Indonesia are made of the following
materials:

— Asbestos cement (AC);

- uPVC;

(Grey) cast iron;

Ductile iron;

— Galvanized iron.

Markings on the pipes give information about strength and sometimes
length of the pipes.

It is common practice to use bends, "Tees'" and "Y" branch pipes of
the same material as the main.
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Trainee selection

Training aids

Special features

Keywords

Training objectives :

Section 1: I NFORMATION SHEET Page i 01 of 01/11

90 minutes.

After the session the trainees will be able to:

— list the 3 main methods of stacking pipes,
with their advantages and disadvantages;

— use all methods in practice.

— Pipelayer;

— Pipeline Inspector;

— Construction Supervisor;

— Head of Sub-section Warehousing.

- Ropes;

~ Slings;

~ Stacking model;

~ uPVC pipes (40 lengths of @ 100 mm pipe);
- Viewfoils : TEG 120/V 1-3;

— Handout ¢+ TEG 120/H 1.

Pipe handling/pipe stacking.
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Module : HANDLING AND STACKING OF PIPES

Code : TEG 120

Edition : 20-03-1985

Section 2: SESSION NOTES

Page : 01 of 03

1.

Introduction

- Each type of pipe used has different
characteristics regarding :
. strength
. weight.

- Storage of pipes is different for each
type of pipe.

Stacking Techniques

— There are basically three types of pipe
stack :
. pyramid stack
. box stack
. cross stack.

Pyramid stack

- Is easier to construct but :
. stores less pipes for ground area
covered;

. uses additional materials e.g. wedges,
spacing timber, etc.

- Requirements to construct a pyramid stack:
. sockets alternate in stack;
. base must be securely wedged;
. ground must be level.

Cross Stack

— Allows more pipes to be stacked for the
ground area covered.

— Pipes are stacked cross—wise with sockets
and spigots alternating.

— Stack is approximately square.

~ Timber supports and wedges.

Use whiteboard

Use whiteboard

Show V 1

Demonstrate stacking
with model

Show V 2

Demonstrate stacking
with model
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Edition : 20-03-1985
Section 2 : SESSION NOTES Page 02 of 03
5. Box Stack
~ Stack is in the form of a box. Show V 3
— Normally used by manufacturers to trans-—
port pipes, with the addition of timber
sides.
~ Pipes are stacked with 1length in one Demonstrate stacking
direction only (not cross stacked). with model
— uPVC normally stacked this way.
6. Handling Pipes
— Pipes are handled in two ways
. with mechanical equipment, or
. manually.
— Slings and ropes are used for lifting Show slings and ropes
pipes. Demonstrate lifting
with slings and ropes
~ Spreader beams are used for more equal
division of forces on pipes.
- Slings and ropes have safety (weight)
limits.
7. Safety

Pipes are bulky and heavy, therefore :
. special care required to lift pipes;
. use gloves, safety-hats and shoes.
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Section 2 :
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NOTES

Page : 03 of 03

8. Exercise

- Explain exercise.

~ Do exercise (20 minutes).

-~ Discuss results.

Summary

Have trainees stack
pipes (uPVC for con—
venience)

a. Pyramid stack

b. Cross stack

c. Box stack

Give H 1
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Pyramid stack TEG 120/V 1| Cross stack TEG 120/V 2

PYRAMID STACK

-wooden wedges
{nslled)

CROSS STACK

Box stack TEG 120/V 3

pipe
spigot

wooden wedges
M N (nailed)

~
timber baltens

BOX STACK

Handling and stacking
of pipes

TEG 120/H 1







' DEPARTMENT OF PUBLIC WORKS MDER
‘ DIRECTORATE GENERAL CIPTA KARYA gx
DIRECTORATE OF WATER SUPPLY IWACO

L

Module ~ : HANDLING AND STACKING OF PIPES Code : TEG 120

Edition : 20-03-1985

Section 4 : HANDOUT Page : 01 of 06

1. INTRODUCTION

Every type of pipe used in main laying has different characteristics

regarding :
a. stacking
b. weight.

The storage of pipes depends largely on the material used. For con—
venience pipes are normally stored on site in stacks.

2. STACKING TECHNIQUES

There are three basic types of pipe stack :
a. pyramid stack

b. c¢ross stack

c. box stack.

Each one has advantages and disadvantages compared to the others.

3. PYRAMID STACK

This 1is the easiest of all the stacks to construct but stores less
pipes for the ground area covered, It is also expensive in addi-
tional material e.g. wedges, spacing timber etc.

Basically the pipes are laid side by side on the ground with the
sockets alternating. The next layer comprises one number of pipes
less than the previous layer. The base layer should be well wedged
and sufficient timbers and wedges placed between each layer of pipes.
It is essential that the ground selected for any pipe stack should be
level (see fig. 1 on next page).
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4. CROSS

wooden wedges
(nailed)

Fig. 1. Pyramid stack.

STACK

This type of stack allows for more pipes to be stacked for the ground
area covered.

For this stack,pipes are stacked in layers with sockets alternating,
and each layer is at 90° to the layers above and below. This means

that

normally

the stack itself is approximately square. The layers are
separated by timber supports and the end pipes are wedged

securely. There is a maximum height to the stack depending on the
diameter of the pipes (see fig. 2 on next page).
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wooden wedges
(nailed)

Fig. 2. Cross stack.

BOX STACK

This type of stack is normally transported directly from the manufac-
turer. The sides of the stack and base are constructed of timber very
similar to a crate and the pipes are placed inside, all running in
the same direction but with the sockets alternating. It is difficult
to reconstruct on site because of the construction of the box.
Because of the lightness of uPVC pipes this is the most common form
of pipe stacking used by manufacturers of this type of pipe.
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pipe
spigot

wooden wedges
(nailed)

timber battens

Fig. 3. Box stack.

6. HANDLING PIPES

Essentially pipes are handled in one of the following:
a. using mechanical equipment
b. manually.

However, both methods require pipe slings or ropes for 1lifting
purposes. It is important to note the weight limits (safety limits)
of any pipe slings or ropes used, particularly when hoisting with
mechanical equipment to considerable heights above the ground.

In order to spread the lifting forces more equally over the pipes,
spreader beams may be used.

Manufacturers will supply details of the weight per pipe length, and
of any special fittings.
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Reeving sling Halshing sling

i
it
(\ 5% ﬁi‘i

CHOKER SLING

Fig. 4. Slings for handling pipes.

Fig, 5. Spreader bean.
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7.

SAFETY

One must always remember that pipes are bulky and heavy and, with the
exception of uPVC pipes and small fittings, cannot normally be
carried safely by one man. In fact, most metal and AC pipes normally
require the use of mechanical equipment for off-loading and lowering
into the trench. Gloves and safety shoes should always be worn when
handling pipes.

SUMMARY

There are basically three types of pipe stack :
a. pyramid stack

b. cross stack

c. box stack.

The pipes should be handled safely using slings or ropes.

X X ¥
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TITLE : CODE :
1. Pyramid stack TEG 120/V 1
2. Cross stack TEG 120/V 2
3. Box stack TEG 120/V 3
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Module :  HYDROPHORE Code :  TEG 501

Edition : 03-05-1985

Section1: I NFORMATION SHEET Page : 01 of 01/15
Duration : 45 minutles.
Training objectives : After the session the trainees will be able to:

— explain why hydrophores are used;

- explain how hydrophores work;

- explain which two main parameters influence
the size of Lhe pressure vessel;

- calculate the required total pressure vessel
capacity of a hydrophore.

Trainee selection : — Head of Section Maintenance;
— Head of Section Transmission-Distribution;
— Junior Engineer;

— Mechanics.
Training aids : — Viewfoils : TEG 501/V 1-8;
— Handout : TEG 501/H 1.

Special features : -

Keywords : Hydrophore/pressure vessel/pressure switch.
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1. Introduction
— A hydrophore is used: Show V 1
to prevent sudden pressure changes;
. to maintain the water pressure automati-—
cally within certain values;
to supply a certain amount of pres—
surized water between pumping periods.
2. How it works
— Pressure vessels in general contain water
in the lower part, and air in the upper
part.
The pressure in the pressure vessel is |Show V 2
kept between specific minimum and maximum
values. When the pressure decreases below
the minimum value, the pump will start
automatically and when the pressure
reaches the maximum value the pump will be
switched off automatically.
Volume of air and water in the vessel at Show V 3-5
each cycle of operation:
the function of the air is to stabilize
the pressure in the vessel and to enable
withdrawal of a certain amount of pres-—
surized water;
the amount of water that can be with-
drawn from the vessel between subsequent
pumping periods depends on:
¥ the size of the vessel;
¥ ratio of water to air.
3. Size of pressure vessel
— The effective pressure vessel volume can Show V 6

be calculated from:

Vrequirea [m®] = 0.33 K Qav (Ps + PorF)
(Porr — Pon) . S
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— The size of the pressure vessel is in—
fluenced by:
a. difference in maxium and minimum pres—
sure (Porr — Pown);
b. frequency of pump cycles (S).

4. Control of air inside the pressure vessel

— If water and air are in contact under

pressure, there is a tendency for the
water to absorb the air. The water leaving
the hydrophore will take some air along.
If the air is not replaced, the vessel
will gradually loose all air and be filled
up with water ("water logged" condition).
To prevent this, equipment is required to
control the volume of air needed, and to
replace the amount of air carried away by
the water from the vessel. Normally com-—
pressors are applied for this purpose.
In small installations a special arrange-—
ment of the pump in combination with an
airvalve is often used to maintain the air
supply in the vessel. Too much air will be
released through the release valve. Small
hydrophores (mostly made in Japan) use in
principle the same system although there
are differences in operation.

5. Operation and maintenance

—-After proper adjustment the vessel will
function automatically.

— Regular inspections must be made to check:

condition of the pressure regulator.

switch;
condition of the vessel (must be painted
periodically).

— Other devices requiring maintenance are
compressors, which need energy and are
vurnerable to wear and tear.

Show V 7-8

Give H 1
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Application of hydro- Hydrophore installation TEG 501/V 2

TEG 501/V 1
phores - . ]

HYDROPHORES ARE USED .

- To level out pressure fluctuations

- To keep water pressure between
certain values

~ To supply a certain amount of preas(rizéd
water between two subsequent
pumping periods
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1. INTRODUCTION

Hydrophores are usually much cheaper than water towers. Hydrophores
are used for maintaining pressure in the distribution network in
case:

— consumption is relatively .nall and the construction of a water
tower is too expensive;

- water towers cannot be accepted due to aesthetic reasons;’

- water towers cannot be constructed, for instance for high-rise
apartment buildings.

A hydrophore consists of one or mor¢ pumps which keep a | cssure
vessel partially filled with waler and partially filled with air
between specific minimum and maximum pressures by automatically
actuating the pump switch(es).

Hydrophores consist of the following components (see fig. 1):

~ one Or more pumps;

— pressure vessel;

- measuring gauge;

~ pressure switches;

~ manometer;

~ drain; '

— device to keep the vessel constantly partly filled with air (air—
pumps connected with water pumps, one-way air-valve or compres—
sors).

2. HOW HYDROPHORES WORK

Apart from the differences in design, the basic principles of the
operation cycle of hydrophores are usually of comparable nature.
Figure 1 showe that the pressure vessel is generally filled with
water 1n the lower part and with air in the upper part. Water is
pumped 1nto the vessel near the bottom, thus compressing the air in
the upper part. As an example we consider a hydrophore with a
minimum pressure of 20 metres water column (= 20 mwc or 2 kg/cm?) and
a maximum pressure of 40 mwc (4 kg/cm?). When the pressure in the
vessel decreases to 20 mwc, the pump starts to operate and when the
pressure reaches 40 mwc the pump is automatically switched off. The
pressure range can be changed by adjusting the pressure regulator on
the pressure switch.

Initiated by the minimum pressure of 20 mwc in the vessel the cycle
of operation is as follows:
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At a pressure of 20 mwc, the water level inside the vessel is
indicated by line-x in diagram 1. It is now necessary to pump
water into the vessel; the pressure switch is closed, and the pump
starts running.

The pump supplies water from the source into the vessel. The water
pushes the air upwards, while compressing it.

When the water level has reached its level indicated by the line-y,
the pressure will be sufficient to trigger the automatic switch and
stop the pump. ‘

The compressed air above the water inside the vessel constantly
compresses the water downwards like a large spring. This pressure
will cause the water to flow out from the vessel through the outlet
pipe when water is withdrawn by opening valves or taps.

As water flows out of the vessel, the air will expand and this will
cause a decrease in pressure. When the water level has dropped
reaching the line—x, the pressure is reduced to 20 mwc and the
switch will close to start the pump.

th this method, the automatic system maintains the pressure re—
ired, such that the water can be let out through the valve at any

time.

Fi

MANOMETER

AlIR
P=40 MWC

ELECTRICAL CABLE P=20 MWC

s

AUTOMATIC SWITCH

g. 1. Cycle of operation, .the pump starts at a pressure of 20 mwc
and stops at a pressure of 40 mwc.
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Volume of water available from vessel during every cycle of operation

The amount of water that can be withdrawn from the vessel between two
pressure adjustments, depends on the amount and inatial ratio between
air and water inside the vessel. When there 1s no air, the pressure
inside the vessel will increase rapidly when the pump is switched on,
and decrease rapidly when water is withdrawn from the vessel. This
is caused by the fact that water is hardly compressible. If air is
absent in the vessel, the vessel is "water-logged".

Under water-logged conditions the pump starts to operate each time
water 1s withdrawn from the vessel. The system will work as 1f there
were no vessel. The pump almost never works at maximum efficiency,
which means that this pumping system will be very expensive.
Frequent starting and shutting off of the pump will use up too much
electrical energy and can damage the motor quickly.

The amount of water which can be withdrawn from a pressure veéssel
under static conditions (i.e. pressure vessel is pressurized to a
certain pressure and contains certain volumes of air and water; pump
is not running) can be calculated with the Law of Boyle:

pV = C (at constant Temperature) or piVi = p2Va2 ...... (L)
or: V2 = p1 . V1 e e ettt ettt e e (2)
p2
where: V2 = air volume at pz (in m3);
pr. = absolute pressure before water withdrawal (in bar);
pz = absolute pressure after water withdrawal (in bar);
Vi = air volume at p1 (in m3)

Note: absolute pressure = manometric pressure (in bar) + 1 bar.

From (2) the water volume withdrawn can be calculated as Vz2-V: (in
m3). For further delails see fig. 2.

Previously, it was mentioned that the purpose of air inside the
vessel 1is to supply a certain amount of pressurized water, during
intervals between stopping and starting the pumping. However there
1s a limit to how much air should be left inside the vessel. If the
volume of air is too large, the water level will drop to below the
outlet pipe before the pressure drops to minimum value and air will
pass out through the outlet. Larger installations are equipped with
air release valves to prevent the above from happening.
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Fig. 2.
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The amount of water that can be withdrawn from the pressure
vessel, between stopping and starting the pump, varies with
the volume of air inside the tank. '
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Explanation of fig. 2.

a.

If there is a lol of air inside the tank,
the water,

There is no air. The pressure drops rapidly from 40 mwc to 20
mwc while yielding a small amount of water, The vessel has
hardly any function. The pump will start operating each time
water is withdrawn, and most likely the pump runs and stops while
the valve is opened.

1/4 of the vessel is filled with air at a pressure of 40 mwc.

23 litres of water can be let out before the pump will be started
again (at 20 mwc).

1/2 of the tank (70 1) .is filled with air at a pressure of 40 mwc|

47 litres of water can be withdrawn before the pump will be
restarted (at 20 mwc).

AlIR

v=160 4
TOO MUCH AIR IN TANK

Fig. 4.

the air wi1ll flow out with
and the water will come out intermittently.
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3. SIZE OF PRESSURE VESSEL

The required capacity of the vessel can be calculated from the for—
mular below. For the design of pressure vessels the maximum allow—
able air volume at the minimum vessel pressure (Pon) is set at 75% of
Vrequired. In other words the total vessel volume (= Vrequirea) is
25% larger than the effective vessel volume.

Vrequired [m3] = 0.33 K Qav (P + Porr)
(PorF — Pon) . S

CORRECTION FACTOR K

Where:
Vrequired = Volume of pressure vessel
1.0 . required [m3].
K = correction factor if
Qorr/Qon < 0.5 (See fig. 4)
//4 Qav = average flow or (Qon+Qorr)/2
// of the largest pump in the
installation (in m3/h)
ZL Qon = capacity at switching on
pressure (in m3/h)
0.5 Qorr = capacity at switching off
pressure (in m3/h)
Ps = barometric pressure (in bar)
Pon = pressure at the time the
pump is switched on (in bar)
Porr = pressure at the time the
pump is switched off (in
bar)
0 S = number of cycles permitted

0.5 1.0
CAPACITY RATIO Q OFF/Q ON

per hour (in h1).

Fig. 4. Correction factor K.

The outlet pipe of the pressure vessel should be installed in such a
way that the outlet is immersed (outlet below water level) at minimum
water level (occuring at minimum pressure Pon).

The formular shows that for certain values of Qav and Porr the size
of the pressure vessel is influenced by:

a. The pressure difference Pon—FPorr.
The smaller the pressure difference, the more uniform the pres-
sure at the outlet, and the larger the volume required for the
pressure vessel.
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b. Frequency of cycles (S).
The lower the frequency, the lower the pressure al the couplings,
control mechanism and motor, however the size of the motor has to
be larger. To limit the wear and tear of components, the freg-
uency of start—ups is to be limited to a maximum of 30 cycles/hr
and should preferably be lower.

Generally, the number of start-ups permitted will decrease if the
size of the pump is enlarged. The recommendations of the manu-—
facturer have to be considered in each case.

4. CONTROL OF AIR VOLUME INSIDE THE PRESSURE VESSEL

When water and air are in contact under pressure, there will be a
tendency for the water to absorb the air. The result will be that
the water withdrawn from the pressure vessel will carry the air
along. If the air is not replaced, then the vessel will become
"water—-logged". To prevent this, the control device for the volume
of air will work automatically to maintain the exact volume of air
inside the vessel at anytime thereby replacing the amount of air
carried away by the water:

— If there is too much air inside the the pressure vessel, then the
air will escape through the air release valve.

— If there is not enough air inside the pressure vessel, then it must
be refilled. The easiest method is by using a compressor. The
compressor can be switched on and off by hand, after observation of
the air/water interface level, or it can also be done automatically
by means of various switch levels inside the tank. The compressor
represents a piece of the equipment requiring maintenance and
energy, and moreover it is vulnerable to wear and tear.

In small installations the air supply to the pressure vessel may
be maintained by means of a special arrangement of the pump in com—
bination with an air-valve. Fig. 5 illustrates this procedure. By
placing the air—-valve near the one-way valve, the amount of air
transferred to the vessel everytime the pump is started can be mini-
mized. If the system does not function, this is generally caused by
an improper functioning of the air-valve.

Small hydrophores, mostly made in Japan, wuse in principle the same
system. However, there are some differences in operation. Problems
are mostly caused by the air valves.
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CHECK VALVE

AIR VALVE 4~

AIR RELEASE VALVE

NORMAL OPERATION
AIR YALVE CLOSED

% AIR RELEASE VALVE

av[e ——~NXZZ /
PUMP STOPS //,”””au,. 77

- WATER FLOWS BACK THROUGH

{NO FOOTVALVE) Pume
~ R ENTERS THROUGH AIR VALVE
L, Y7

AIR TRAPPED
AIR RELEASE VALVE

- PUMP STARTED AGAIN
= AIR VALVE CLOSED

] 7227r 777

PUMP

—TRAPPED AIR UNDERiPRESSURE

-WILL BE TRANSFERRED TO VESSEL
WHEN PRESSURE ON BOTH SIDE
OF THE CHECK VALVE 1S EQUAL

Normal operation. Air valve
closed.

After the pump is switched
off, air is let into the inlet
pipe through the air-valve.

If the pump is switched on the
air will be pushed out of the
inlet pipe until the water
level reaches the ball inside
the air-valve which will be
closed immediately.

The air trapped between the
air-valve and the the one-way
valve will cause the valves to
be under gradually increasing
pressure by the pump, until
it reaches the same pressure
as on the other side of the
one—-way valve.
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A ;/:,//-&- ARV
1 . 5. Once this happens the air will
enter the vessel and combine
" AR ENTERS VESSEL UNDER with the air already in it.
d - SUPERFLUOUS AIR WILL DE If there 1is too much air in
puMP R S o e (aRv) the vessel it will be released

by the air release valve.

Fig. 5. Replenishment of air
by means of air-valve + pump.

OPERATION AND MAINTENANCE

After proper adjustment, the hydrophore will function automatically.
Only the pressure regulator switch has to be checked regularly to
check whether its spring is functioning properly.

Apart from the pump, there is no special maintenance required. The
pressure vessel shall be maintained in good condition, painted regu-
larly and checked for leakages. For operation and maintenance of
pumps refer to manufacturer’s documentation or modules on pumps.

Regular inspection of the frequency of operation of the pump is
necessary.

REVIEW

The pressure vessel is used to:

- prevent sudden pressure changes;

- maintain the water pressure automatically within a certain pressure
range; )

— supply a certain amount of pressurized water between subsequent
pumping periods.

How pressure vessels work

— The pressure vessel contains water in the lower part and air in the
upper part.

— The pressure in the vessel is kept between specified minimum and
maximum values:
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if the pressure drops to the minimum level the pump will be
started automatically;

if the pressure reaches the maximum level the pump will be
switched off automatically.

~ The amount of the pressurized water that can be obtained from the
vessel depends on:
the size of the vessel;
the ratio of air and water volumes in the vessel.

— The function of air is to:
stabilize the pressure in the vessel and to enable withdrawal of
pressurized water from the vessel.

Size of pressure vessel:

— The total vessel volume required can be calculated from:

Vrequired [m3] = 0.33 K Qav (Ps + POF‘F)_
(Porr — Pox) . S

— The size of the vessel is influenced by:
. difference in maximum and minimum pressure (Porr—Pon);
frequency of pump cycles per hour (S).

Control of air inside the pressure vessel

If water and air are in contact under pressure the water will absorb
the air. Each time water is withdrawn from the vessel it will take
some air out. If the air is not replaced the vessel will eventually
be full of water (water-logged). To prevent this, an automatic
device to control and also to maintain always the correct volume of
air inside the vessel is required. A conventional solution is the
application of a compressor. A compressor is a piece of equipment
which requires maintenance, and energy, and it is vulnerable too. In
smaller installations the supply of air inside the vessel can be
effectuated by a special arrangement of pump and air—valve.

Operation and maintenance

— Once the hydrophore is properly adjusted, it will function auto-
matically.

— Regular inspection must be made to check:
condition of switches;
frequency of start/stop functions of pumps;
condition of vessel (must be painted periodically).

X X X
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Hydrophore installation
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Functioning of pressure vessel (I) TEG 501/V 4
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Operation pressure vessel TEG 501/V 5
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Tank measurements

TEG 501/V 6

3
c
O
>
>
_r:;r:;"t_:-_:ﬁgfz:::r ____ —T:.:ﬂ
Q (F’b + P )
V eq (in m3)=0.33Kk— off
a ® ., — P_)-S
off on







Air pressure control (I) TEG 501/V 7

CHECK VALVE

7

NORMAL OPERATION
AIR VALVE CLOSED

PUMP STOPS:

-~ WATER FLOWS BACK THROUGH PUMP
(NO FOOTVALVE)

= AIR ENTERS THROUGH AIR VALVE

L

PUMP
AIR TRAPPED -

Ay (_% - |+ AIR RELEASE VALVE

%ﬂ c.V

- PUMP STARTED AGAIN
R Vi

o

k- AIR RELEASE VALVE

— AIR VALVE CLOSED







Air pressure control (II) TEG 501/V 8

/ ARV

7

~TRAPPED AIR UNDER PRESSURE

-=WILL BE TRANSFERRED TO VESSEL
WHEN PRESSURE ON BOTH SIDE
OF THE CHECK VALVE IS EQUAL

//// 4 ARV

- AIR ENTERS VESSEL UNDER
PRESSURE

- SUPERFLUOUS AIR WILL BE
RELEASED THROUGH

AIR RELEASE VALVE (ARV)







DEPARTMENT OF PUBLIC  WORKS NoEe
1 DIRECTORATE GENERAL CIPTA KARYA ) o | eay
DIRECTORATE OF WATER SUPPLY IWACO

Module : OPERATION OF GATE VALVE Code :  TEO 222
AND BUTTERFLY VALVE

Edition : 20-03-1985
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Duration : 45 minutes.
Training objectives : After the session the trainees will be able to :

- explain the difference, 1in construction and
application, between gate valves and butterfly
valves;

- operate (open and close) both types of valves.

Trainee selection : -~ Water Treatment Planl Operator;
- Plant Attendant;

- Intake Attendant;

— Pipeline Inspector;

- Leakage Officer.

Training aids : - Gate valve;

- Butterfly valve;

-~ Viewfolls ; TEO 222/V 1-2 (a-b);
- Handowut : TEO 222/H 1.

Special features : -

Keywords : Gate valve/sluice valve/butterfly valve.
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Introduction

— Most common types of valves are:
gate (sluice) valves;
. butterfly valves.

stop the flow of water when closed, and
allow water to pass when open.

—~ Butterfly valves can also regulate the
flow of water

Operation

a. Gate valves
— Gate of valve is raised or lowered by
turning a spindle.

— Spindle is turned by :
a. key and bar;
b. wheel.

— Direction of turning to open or close is
marked on either :
a. body of valve;
b. on wheel if fitted.

b. Butterfly valves

~ Disc of valve is rotated by turning spin-
dle (with or without gearbox)

General remarks

~ Valves should be opened or closed SLOWLY.

— Caution should be excercised by turning
spindle slowly during first 20% of opening
and last 20% when closing.

Show gate valve
Show Vv 1 (a-b)

Show butterfly valve
Show V 2 (a-b)

Demonstrate

Demonstrate
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3. Protection
~ Gate valves in wunderground ©pipelines
should be installed in a vertical posi-
tion.
— Underground valves have to be installed in
protective chambers.
4. Summary Give H 1
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Operation of B - TEO 222/V 1 Butterfly valve TEO 222/V 2
sluice valve (a-b)

0_@_-‘{3 Ll;q:b_ 0N

Operation of gate valve TEOQO 222/H 1
and butlerfly valve
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1. INTRODUCTION

The two most common types of valves used in water supply practice are
- gate valve (also called sluice valve);
— butterfly valve.

Gate valves (sluice valves) are installed on water mains to stop the
flow of water when required. In distribution networks this is nor—
mally done in emergencies or when extension work is being carried
out. In pumping stations, reservoirs, treatment plants, etc. gate
valves are used to shut off pipe sections that are not in use at the
time, e.g. backwash piping during normal operation of filters, by-
passes around water meters, drain pipes, etc. They are not designed
to regulate the flow of water by partially opening or closing the
valve., Consequently, gate valves should always be left either in the
fully open or in the fully closed position.

Butterfly valves, however, are very well suited to regulate the flow
of water. Because this type of valve is more expensive than gate
valves, they are rarely used as section valves in distribution sys-
tems, but especially in those cases where the flow of water has to be
controlled, e.g. in treatment plants.

2. OPERATION

. stuffing box nut

. stutting box

. housing (upper part)
. threaded spindle

. housing (lower part)
. nut

. gate / sluice

QO -0 0.0 T Q

GATE VALVE WITH STUFFING BOX
AND NON-RISING SPINDLE
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a. Gate valves

The gate or sluice of the valve is raised or lowered by turning a
threaded spindle which is attached to it. The spindle is turned by
means of a key (which fits on the top) and a turning bar.

Alternatively a wheel is fixed to the top of the spindle and used for
turning.

The direction of turning for opening or closing is specified at the
time of purchase and may be in either direction. The direction of

closure is normally marked on the body of the valve or on the wheel,
if fitted.

§\\\\\\\\\\N §\\\\\\\\\\S
N NN

N XTI

OPEN CLOSED

Fig, 2.
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b. Butterfly valves
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