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1. INTRODUCTION AND OBJECTIVES

This Manual provides design notes and information on mechanical,
electrical and instrumentation aspects of water supply design,
particularly for water or sewage pumping stations,. It is intended
to assist Design Engineers having a civil engineering background.

In the design of pumping stations, the Design Engineer does not

need to have a detailed mechanical knowledge of pump design, but
he must have sufficient information on the various types of

pump ,
motor, starter etc., to he able to choose the most suitable plant
and to be able to install it to best advantage. As equipment

guarantee requirements have become severe in recent times and
highest efficiencies are demanded, it 1is essential to work in
accordance with definite and ¢generally accepted standards 1if
misunderstandings are to be avoided. Hence, in the planning of
any punping plant, due regard should be given to the type and

efficiency of the pump because these two factors could influence
the economy of a whole plant.

Information is presented about practical design aspects of pumps

and pump installations, motors, starters, auxiliary equipment and
instrumentation for monitoring, control and protection of
equipment. It is not intended here to cover in—-depth theory of
pump, - motor or instrument design, and for further information on

these subjects, a list of references is given.

The wanual has been compiled by Mr. G.A. Bridger of the USAID
Project from waterial provided by Mr. Ananda Silva and Mr.

Cornelius of NWSDB and Mr. S. de Saram and Mr. P. Mead of the
USAID project, and other sources.



2. MECHANICAL ASPECTS

2.1 Types_of_Punps

Pumps can be divided into two main categories:
o positive displacement (reciprocating or rotary),; and

o rotodynamic, including centrifugal, mixed flow and
axial flow types.

The characteristic feature of a positive displacement pump is
that it delivers a definite volume of liquid at every stroke
or revolution, regardless of the head against which it is
required to work.

There are two common types of reciprocating pump, the double
acting piston pump and the single-acting plunger pump. The
diaphragm pump, mainly used for chewmical dosage, would also
come under this category. There are a large number of
different designs of rotary positive displacement pumps, the
most common in the water field being the "MONO” type screw
pump and the Archimedian screw type pump.

Generally, positive displacement pumps of one type or another
are employed where it is required to deliver a relatively
small volume of water against a relatively high head. The
Archimedian screw pump 1is an exception where large guantities
can be delivered against a low head.

In positive displacement pumps the volune of flow is
determined by the geometry of the pump and is given by the
swept volume per stroke or revolution less the leakage rate;
the head developed is fixed by the system or reservoir into
which the pump is_delivering and not by the pump itself.

Rotodynamic pumps* function on an entirely different
principle. The maximum head that can be developed is a
definite characteristic of the particular design of pump,
while the volume of flow can vary from zero to a certain
maximum value corresponding to zero delivery _ head. . The
operating point of a rotodynamic pump is determined by the
intersection of the pump characteristics curve with the system
curve (see Section 2.2).

These pumps are often referred to simply as centrifugal pumps

since the head is developed by centrifugal force. These are
the most common type of pumps used in water and sewage pumping
systems. They wmay be of various type, such as vertical

turbine, radial, submersible, or multi-stage.
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Centrifugal pumps, by the action of an impeller, create a
difference in pressure between the 1inlet (suction) side and
outlet (discharge) side of the pump. thus causing the fluid to
flow through the pump. The discharge head or pressure must be
great enough to overcome the static head on the discharge pipe
or there will be no flow. The difference between the
available head and the static head together with the
characteristics of the pipeline (diameter, length, material
and minor losses) determines the rate of flow through the
discharge pipe. The characteristics of the pump determine the
relationship between the flow through the pump and the
discharge head, after «considering the suction conditions,
particularly any suction lift. From +this, a particular .pump
in a particular pipe system will have a discharge and :head
than can be determined. - Sy
More information on different pump types and their applicdtion
is given in Table 1. ) P

Determipation_of_ Head i Vo E e

In selecting the most suitable centrifugalfpump for a given: =~ 7.

application, the "duty” must be determined, i.e. the desired
capacity and head against which the pump willl be reqguired to
operate. This total system head is made up of the following -
(see Fig. 1): ' ' EERE

1. Static head (H s¢) :

2. Difference in pressures existing on the liqu;d (Pqg - Pg) .
3. Friction head (Hg) —
4. Entrance and exit losses (H; and Hg)

5. Velocity head (Hy)

The friction. head loss in a system of pipes, valves and
fittings varies as a function (roughly as the square) of the
flow through the system, For the solution of pumping

problems, this is best shown graphically as the system curve .
(see Fig 2)., — 7 e s e

The system friction head, together with the other parts of the
total system head, listed above, combine to form the system
head curve (See Fig. 3).

The total head (H:) of a centrifugal pump is the energy
imparted to the liquid by the pump (H4q - Hg) (See Fig. 1)

The total head of a vertical well-pit pump is determined as
follows: discharge head measured at the centre-line of the

discharge nozzle, with velocity head included, plus the static
distance to the suction water level.

._3._



Table ~ 1 INFORMATION ON PUMPS

Practical |OUsual Well- |[Usual f
Type of Punp Suction |Pumping Pressure | Advantages Disadvantages Remarks
Lift * Depth S |
Reciprooating :
1. Shallow well -8 m 8m 30-60 m Positive action Discharge against variable |Pulsating discharge Subject to vibration and |Best suited for capacities of 20-100 L/Min
2. Deep well 74 m 180 m Up to 180 m heads. Pumps water containing sand & silt i noise. Maintenance cost may be high May against moderate to high heads Adaptable to
abave cylinder  Especially adapted to low cepacity and high | cmuse destructive pressure if operated hand cperation. Can be installed in very smail
lifts. ' against closed valve diamstar walls(50 mm casing) Pump must be set
| _ e 7 | R dirre‘:tlyﬂouer well {desp well only).
Centrifugal Smocth, even flow. Pumps weter containing sand!loses prima easily. Efficiency depends on Vary efficient purp for capacitiss above 23X/
1 Shallow well 6 m max :;mtwmmu?mfm{mmm@mmmm& Min and heads up to about 46 m
a} Straight oentrifugsl shock. starting torque. Usually
(single stage) | reliable and good service LLfa.“"_ L . N o T
b) Regenerative vane 85m Sams as stoaignt centrifugal escept not sui- Same as centrifugal except maintains priming | Reduction in pressure with increasad capacity
turbine type tabls for pumping water containing sand or | masily. rot as severe as straight centrifugal
{single impellar) » silt Self priming !
2 Peep well Same as shallow well turbina All electrical Efficiency depands on operating under
a) vertical line shaft| Impellar sub- ocomponents are accessible, above ground ‘ dmsign head. and speed Requires straight
turbine {milti marged ! large enough for turhine bowls & housing.
stagae} | Lubrication and aligment of shaft critical
‘J ; Mbrasion from sand
b} Submersible Pump & motor 15-120 m 15-120 m Same as shallow well turbine. Easy to frost- : Repalr to motor or pump requires pulling from [ 3500 BPM models, while popular becaase of
turbine {malti- submarged procf installation Short pump shaft to motor. iwell Sealing of alectrical equipment from amllar diameters or greater capacities, are
staga) Mwﬂmmmmtaid-:inmwcritmmm&msaﬂ more vulnerable to wear and failure from sand
ol : 4mmm
Jet: High capacity at low heals. Simpls in opers- P@mityra&nesasﬁftim Atr in
1 Shallow wall 56 mbelow |Upto56m 2446 m tion Doee not have to ba installed owver the | suction or peturn line will stop pumping
ejoctor below ajector wall. No moving parts in the well l
2. Desp wall 56 m balow 8-37m 2446 m Same as shallow well jet. Well straightness 'iSmasdnllmualljet, Lower efficiency, The awunt of water retumed to ejector
ejector {60 m max. ) not critical. "iaq:ecially at greater lifts increases with increased lift - 50% of
| total water pamped at 15 m p1ift and 753
S o S S o jmMmute -
Rotary: i i
L Shallow wall {gear Im 7m 15-76 m Positive action. pilscharge constant undec jSubject . to .rapid- wear if water-centains
type) varisble heads. Efficlent operation Jsand or sllt. Wear of gears reduwes
L j efficlency.
}—— - .-w———_‘ — - _—j}-— - - — s e e+ - e e e e - - - — - - PR R
2 Cosp wall Usually sub— 15-150 m 3-150 m Sams a8 shallow wall rotary. Only one |Same as shallow wall rotary evoept no gear A outless nubbec stator increases life of
{haifoal rotary type) merged moving pap devios in wall Iwam:. panp. Flexible drive coupling has been weak
i point in pump. Best adapted for low.capacity
AliEesah e 0w ‘\% . snd high heads,

U S,

* Poactical suction lift at sea level Fedwe 11ft 0.3 m for each 300 'm abicve sea level
| .

Table adapted from “Small Sgrst:mi Dasign and Omstrucfim‘

L
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H; = Total head
Hq = Delivery : head
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2.4

suction Conditions

. should be noted that it is atwmospheric pressure alons which
foroes water ioto o punp with & fres  suobion, ad all posp
inprel ers require a ninionwe of  nel posibive  head Lo perforn
satisfactorily, Rather than talk in berms of suotion lift, it is
proper to think in teras of net positive suction head (NPSH.).

NPSH  is  the tobal suction head (in metres of liguid absolute)
deternined at  the suetion nozzle arwd referred to datun, less the

vaponr gressure of the liguid (in metres absolute).

NPSH 1s evpressed as follows:

NPSH avail = H abs — H \'ap+ Hy - HF'

Habs = Ataospheric pressure (in metrés absolute)
an surface of liguid in suction well.

H\Jap = Vapour pressure of liguid (in metres absolute)
at pueping temperature. 1

He = Total static head (+ ve) or lift (- ve)} in
netres between centre line of ipump and liguid
surface, :

Hp = Friction head and entrance losses in suction
piping, :

When designing an  installation, the NPSH +to ibe made avallable
should be borne in mind as the NPSH required by the pump will be
fixed by virtue of its design characteristics.

Purp Characteristics

There are various relationships, usually expressed in terms of pump
discharge, which are collectively known as the characteristics of a
P These relationships are discharge/efficiency, discharge/
power, arwd discharge/required net positive suction head (NPSH).
Because of the relationship between discharge ard head, each of the
other characteristics could be expressed in terns of head rather
than discharge, e.g. head/power, but discharge is the custoaary
common factor, ‘

These characteristics are wusually shown on  a graph, called the
performance curve of the punp, As will be explained later, the
characteristics depend upon the puap speed (rpm) and this must be
specifisd on the curve. As will also be explain=d later, typical
electric motors that are used for pumps have speeds that are
dependent upon the cycles in different countries, either 50 Hz or
60 Hz. Puap aanaufacturers who serve countries with both cycles
usually have performance curves for 50 Hz and for 60 Hz.

A performance curve showing all four characteristics for a typical
centrifugal pump is shown in Figure 4. Because the comnon factor is
the discharge, it way be thought that this is what controls the
head. By partially closing the discharge valve it easily can be
shown that changing the head controls the discharge.

-6~
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Puwmp

[t is iwportant to understand the relationship between  head
and  discharge. Typically. as the heoad is decredsed, the
dJischarge increases at. an increasing rate, producing a curve
Lhat is concave downward. The shapes of the curves for
efficiency, power and NP5SH are  also typical, but there are
exceptions. The lett end of the discharge/head curve shows the
shut off heud: there is zero flow at that head. The right o¢nd
of the curve shows the maximum discharge of the pump;: further
decrease in head will produce ao increase in flow but .
instead, will usually result in cavitation and excessive

vibration and should be avoided.

Cavitation is a phenomenon that occurs when the pressure at
some point inside the pump is reduced to the vapour pressure
of the pumped fluid (water). For a detailed explanation: the.

reader is referred to the literature on pumps.* Cavitation is

the collapse of the vapourised fluid back to the liguid state, .

which results in  an implosion causing intense impact on the
inmpeller. It can usually be heard as a rattle, much like. the:.
rattle of a diesel engine, the rattle being the repeated
implosions of collapsing bubbles of vapour, Cavitation can
occur when the suction litt is excessive (ﬁence the specified
NPSH) or when the discharge 1is at the limit of the pump.

Cavitation is not (usually) the result of high water:
temperature but rather of lowered pressure because of"

increased velocity through the pump. (Refer to Bernouilli
Theorem.) : '

There are peculiarities of pumps which shouLd be considered. -
Figure 5 shows the discharge-head curve !for each of three
pumps. Each pump will meet the duty point of ;118 L/s at 37 m,

but there are differences. The upper curve is what is called:
a flat curve in which the discharge is greatly affected by a’
smalt change in head. Unless the head is to be very steady, a
pump of this type mwmay not be a good choice. The middle curve
shows a peculiarity that c¢an cause troubhle. At a head of
42 .5m there are three different discharges! This is no
problem when the pump is starting because the tLransient

conditions will carry it on through the trap, and there 1is no
problem on shut down. But if the head is increased while the
pump is running, the flow will decrease steadily until the

trap is reached. Then the flow may reduce suddenly to the far
side of the trap and with minor changes in pressure, may surge
back and forth _frem :one point to another of the three
discharges corresponding to the one head. Pumps with this

pattern of discharge/head curve should be avoided unless it is
sure that the pump will always run at a point well beyond the
trap. The bottom curve is for a pump with characteristics
that are usually preferred. The puwp will operate over a wide

range  of head with no problem of low discharge or erratic
flow, -

Handhook, Reference 1.
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Vot e Eopeioal characterisiic that  @most  paaps have  is o
Pnressing  power regqulrensnt with o lnereasing disobarge. This factor
should  be  considered by the designer in specifyivg a pusp, I the
notar 15 sized for bthe power reguired at a partioniar duty point orn
the panp ourve,  the aobor  may ool have snough power for a poicd
yerr the right end of the ourve where the puap aay actuaally run if
thee head 18 reduced for  whatever reasson,  This is pariioularls
iaportant. for booster pumps o distribubion systeas where poak
demand  may  greatly reduce  the discharge head., Therefore, it is
congon pract ice Lo require the motor Lo have enough powsr to handle
a1l points on the discharge/heasd curve,

Therefore, having established +the duty or duties the pupps are
required 1o perforw, there are usually a variety of designs
available, It i1s as well to review the whole rarge of types., All
punps  can be classified by their specific speed which is defined

aky f
1

N = 3.65 N.QO'S ¥here Ne = Specifid speed (rpa)
H.O.75 Q =  Discharge in m'/s
H = Head in mebres

{Specific speed is defined as the impelier speed (rpa) necessary 1o
produce 1 gal/ain at 1 ft of head, in the foot—pound svstea},

The wain use of Ng is in identifying pump type Pump perforaances
can  be related +to specific speed in the manneﬁ that Reynold's No,
15 a criterion for pipe flow, For any impeller the specific speed
will vary from 0 to o® on the H-Q curve, so when we refer to Ng
it normally implies that it relates to the best, efficiency point.
(For a double—entry impeller the Q value is halved, and for multi-—
stage pueps the head for each stage is used). :

The above expression for Ng tells us that [ a punp built for a
large quantity and small head will terd to have a high specific
speed  and  vice  versa., Radial flow impellers are found in
centrifugal pumps up to an Ny value of 2000, Mived 1low
inpeliers are in the N range 3000-7000m and for axial flow
impellers, Ng is 7000 and upwards .

A punp can be available with two foras of casinés, one with volute
surrounding the impeller, the other one with sohe kind of diffuser
ring with fixed guide-vanes. The choice is dictated by geometrical
considerations.

~10~



2.5 Types of lustallation

2.5.1 General Rules for Puwmp_ Leocations
Pumps installed indoors, in poorly lighted and cramped
locations or where dirt and moisture accumulate, are
improperly placed for dismantling and repair, they will
be neglected and both pump and driver wmay become
damaged. Pumps should be placed in light, dry and
clean locations whenever possible.

If a motor driven unit will be operated in a damp,
moist or dusty location, the proper wmotor must be
selected. Pumps and motors designed for outdoor
installation are especially constructed to withstand
exposure to weather. However, whilst the c¢ivil works .
costs are saved on such an installation, the drawbacks Co
due to vandalism and improper maintenance due to bad 3
weather should not be underestimated. Sufficient room
must always be provided for dismantling the pump and
removing the motor.

When pumping equipment wmust be used at levels where ':’”_
flooding is possible, two courses of action wmay be A
followed: : :

1. A vertical wet-pit pump may be used: or

2. An auxiliary wet-pit sludge pump must be provided t A
as an insurance against damage to the main eguipment. .

If possible, pumps should be located as close as
possible to the source of liquid . supply. When
convenient, the pubp centre-line should be placed below

the level of the ligquid in the suction reservoir.

2.5.2 Boreholes -

Submersible pumps, wusually of multistage centrifugal

type, due to their low capital cost and ease of
installation/withdrawal have virtually replaced the :
shaft-driven . type of vertical pump . Jet type

centrifugal pumps; which use compressed air or water to
force the water to ground level, are used in shallow
wells where small guantities of water are reguired.

Wet-well _Pumps - the pump 1s suspended from the
motor-room floor or intermediate floor level so that
the pump is submerged. The discharge bend can be

arranged above or below support floor level,

Dry-well__Puunps - the pump is arranged vertically at
the bottom of the dry-well, the motor being situated at

floor level above ground and the drive effected by
intermediate shafting.

- 11



Booster Puwnps

Booster pumps are used to increase flows or pressures
and in some instances to Jift water frow one area or

service to another. Installations of these types vary
depending on local reguirements. They can be single or
multistage centrifugal, horizontally or vertically
mounted, or they way be the in-line, submersible,
multistage centrifugal type. Booster pumps are also
used in large water supply transmission wmains that are
carrying water over long distances, generally from a

surface-water supply source to either a distribution
system or treatment plant.

High-Service pumps are used where water taken from a

storage tank, reservoir, or clear well is pumped
directly into a water distribution system. For this
type of installation, single—-stag horizontal

centrifugal pumps are usually used,. :
Factors_to_be Considered

Civil engineering costs
Initial plant costs
Running costs.
Reliabhility

Maintenance

coccCcocC

The development of fully submersible electric motors
has opened up new areas in pumping station design for
water supply projects. Submersible water :pumps are now
quite normal, particuolarly for . the smaller
installations. Forr - water supply, submersible motors
are used both with well and borehole pumps and for
boosting. It should be noted that there are some
reputed submersible pumps which are proving quite
reliable and the arrangement offers a major saving in
civil engineering cost, '

A true self priming pump is one that will «clear its
passage of air if it becomes air bound and resume.

delivery of the pumped liquid without outside
attention, A self-priming pump reguires an
air-separator, which is a large stilling chamber

provided on its discharge side to effect this
separation.

_.12_



.6.3

Several ways exist of wmaking a centrifugal pump
sell -priming. the wmost i1wportant being the following!

o Re-circulation from discharge back into suction.

0o Re-circulation within the discharge and inmpeller

itself.
These Lwo hasic methods have many variations.
Self-priming pumps are very expensive cowmpared to the
cost of norwmal centrifugal pumps with foot-valves, but

have two important applications:

o Larger puwps where it is difficult to get foot
valves for large diameter suction ends} and

o Unwanned pumping installations.
Jet_ Puwps

This 1is a centrifugal pump and ejector combination to

lift water over 9.5 m from the suction side. A portion
of the pumped water is re-circulated through the
ejector to lift water to the vrequisite height for the
centrifugal pump 1impeller to take over. The unit is

inefficient, but worth considering for swmall sizes say
up to 5 hp for bhoreholes or wells with the water level
about 20 m below ground level. The pump is situated at
ground-level and the ejector is in the well. The
arrangement 1Is economical compared to the alternative
of a small submersible pump in terms of initial cost
and maintenance. The running cost would be comparable.

The term turbine pump is usually given to the type of
multi-stage centrifugal pump often used in water supply
engineering. They form the basis of some of the
centrifugal borehole and submersible pumps, In the
turbine puwp, the velocity head induced by the moving
impellers 1is transformed 1into a pressure head by means
of diffuser chambers; before the water is passed to the
impeller of the next stage. The diffuser chambers are
fitted with tapering guide passages discharging into
spiral_ passages. In this manner, comparatively small
guantities of water can be Jifted through gquite high
heads. Engine-driven, vertical turbine pumps could be
used for boreholes and wells, where electrical power 1is
not available.
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Auxitiary Egquipwent and Control

The satbistfactory operation of 4 pumping unit depeonds not onlvy
on the design of a pump. butl alsoe to a large wmeasure on how
the pump 1~ made t.o perform. Performance undaoer running
conditions i a wa jur design criterion, bul. this normal
performance s not particularly iwportant 1n the selection of
the drive and 1ts controls. How the unit is to ftunction under

Ltranstent  or  abnorwmal conditions ¢generally establishes the
design criteria for its controls.

Puwp controls consist  of the starter, the valve controller,
and other devices thal act Logether Lo govern the operation of
Lhe pump under all conditions, with limits imposed by both the
hydraulic and electrical systens.

Many pumping facilities are provided with auxiliary eqguipment
that. either affords protection or makes for some efficient or
effective operation. Although these items way be important
they often are not absolutely essential to the operation.
there may be a loss of efficiency or some danger to ‘the

system, but the pumps will still run, even though not very
well. For this reason and because the functioning and . the
importance of . the auxiliary equipmnent may not be understood-
or appreciated, maintenance is often lacking. Once an item of
such auxiliary equipment stops working, it might never be put
back in running order. Examples, are surge protection,
priming systems. seal water systems, and such miscellaneous.

items as air and vacuum valves, pressure relief valves,
pressure regulating valves, and check valves. :

2.7.1 Punp

A
Jpws

tarting

The starting of high-service pumps must be controlled
to avoid line surges or water hammer. Usually it 1is
necessary to have -some mechanism on the pump discharge
to prevent backflow both prior to and -during starting,
until the pump develops sufficient pressure to overcome
the system’'s pressure. In its simpler form, this
mechanism wmay be some type of mechamical check valve.
Line surges are prevented by regulating the speed at
which the discharge valve opens so that the fluid is
eased into the system.

Pump discharge--valves wmay offer other advantages .
Pumps with centrifugal characteristics require less
starting torgue with a closed discharge than with an
open dischargde, The drive motor. therefore, can employ
a normal -torgque, low starting-current design. Care
should be exercised whenever a centrifugal pump is
started against an open discharge because it may
overload the driver. Other types of pump way reguire
different starting procedures and special controls,
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Starting control requirements also depend on site and
location. Pump priming is an element of pump control
that must be taken into account. Whether or not
priming is reguired depends on hydraulic conditions.
Priming 1is an artificial weans of forcing fluid into
the pump. [t is usual to evacuate the casing wusing a
vacuum system, so that atmospheric pressure forces
fluid into the casing through the suction connection.
The priming operation, or the interlock to prevent
starting unless prime exists, is an element of the
start seguence. Other aspects of starting controls and
protection devices are discussed in Chapter 3.

il

2.7.2 Surge Protection

Where pumps discharge into long pipelines or closed
pipe networks, there is danger of damage ' to the system
because of surge (water hammerx) whicﬁ occurs when the
pumping rate is changed rapidly. This : danger can be
lessened by opening and closing valves slowly but this
will not take care of the problem of a power failure or
other unplanned stoppage of pumps. ‘The problem can
sometimes be avoided by pumping a short; distance to a
higher elevation, either to a hilltop reservoir or to
an elevated tank, and providing gravity flow from that
point onward. Where this is not possible, surge
protection should be provided. \

<
4

The most simple surge control is a bottom—connected
tank or standpipe. The tank must be high enough to
avoid overflow during upsurge and wmust have enough
volume at the normal operating level °‘to provide the
water required to fill the pipe during downsurge.
There are no moving parts and the device requires no
special maintenance. Surge tanks are typically used on
systems where the diaméter of the pipeline is large.

For pipvelines less than about 1060@# mm diameter, a more
commonly wused protection iIs a surge vessel. A surge
tank is usually unsightly because of. the necessary
height and, for . smaller systems, the surge vessel
becomes economically feasible. The equipment comprises
a pressure vessel with a connection from the bottom of
the vessel to the pipe system and a source of

compressed air connected near the top of the vessel.
It is a type of hydropneumatic tank in that it contains
both water and air. As with other hydropneumatic
systems it 1s necessary to maintain the proper ratio of
water and air, taking into consideration the pressure
corresponding to the volume of air. This 1is
accomplished by adding air from the compressed air
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source or bleeding off air as needed. The vessel
should also be equipped with a sight tube for
determining the water/air interface, with shut off
valve to allow for wmaintenance, and two try cocks or
test valves, one each at the upper and lower limits of
the water/air interface for normal operation. The try
cocks are a back-up for the sight tube in case it |is
broken or otherwise defective.

The sSurge vessel is designed so that there is
sufficient ajir volume to allow the upsurge to be
absorbed by flowing into the vessel and further
compressing the air. There mwmwust also be sufficient
water volume to provide the water for the downsurge
without emptying the vessel and losing air. Other

protective devices such as check valves, air and vacuum
valves and pressure relief valves are often used in
conjunction with surge vessels or wmay comprise the
surge protection without a surge vessel, where the
severity of the surge is not great. These items are
described in Section 2.7.5.

The operation of a surge vessel is automatic, except
for the water/air ratio and even this can be
automatic. " However, maintenance 1s required. The
sight tube can become dirty or break and will need
cleaning or replacement. Pressure gauges on the vessel
as well as on the air cowpressor will need to be kept
in working order, and so will the compressor itself.
The shut off valves (there are usually several of theam)
and the two try-cocks may become étuck in position
(frozen) and should be manipulated periodically or
serviced or replaced if defective. Some surge vessels
are designed with the - water connection entering the
side of the vessel with an internal syphon that
terminates near the bottom of the vessel. This forms a
sediment trap at the bottom of the vessel which should

be purged occasionally by opening the bottom drain.

The vessel is provided with an access hatch to permit
entry for cleaning and painting or relining the inside
surface and this is part of the required maintenance.

It is common-.to see, in Sri Lanka and elsewhere, surge
vessels that ceased to operate long ago. Sight tubes
are missing, valves are stuck, either open or shut, and
corrosion is consuming the equipment. The valve on the
pipe conpnecting to the mains has been closed, and there
is no longer surge protection. How does the system
survive. Perhaps it was overdesigned and surge
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protection was not really needed. More probably, the
protection is needed and the unsuppressed surge is
damaging plipes, fittings, valves, causing leakage and
loss of water. The part of the system that is buried

cannot be seen and its true condition is not known and
can only be suspected.

A special form of surge protection that can be provided
in pipe systems consists of nothing wore than air

cushions, A short vertical riser near each valve in
the plumbing of a building, for example, will
automatically trap air within the full length of the
riser. When the valve is closed suddenlky, this pocket
of air allows space for the upsurge tao dissipate, thus
avoiding localised water hammer. This type of problen

may not be noticed where pressures are very low; but
when the system is upgraded and pressures increase,
localised water hammer becomes an irritating
disturbance that can be avoided very easily with proper
construction,

Priming_Systems

Pumps that are submerged, such as vertical turbine well
pumps, and those that are in dry wells  with the pump
below the water 1level of the wet well, require no
special priming. There are many installations where
the level of the pump is above the level of the water
and, for centrifugal pumps, some method of priming is
required. The two methods most commonly used are
vacuum priming and foot valves. :

3

Yacuyp _Priming:

A vacuum priming system consists of : some means of
isolating the pump from the downstream piping and a
means of evacuating . the air from ‘the punp. The
isolation is usually accomplished with a check valve.
In some cases, especially when the check valve has not
been maintained and will not seal shut, the valve on
the discharge side of the pump is closed and later

opened. The check valve does this automatically. The
evacuation:-.is . by means of a vacuum pump which may
operate manually or automatically. The details of

design and of the equipment will not be discussed, the
purpose here being to explain the need for the system
and to emphasise the need for majntenance.



When the pump is to be started, it is first necessary
to evacuate the air from the bowl of the punp. This
reduces the pressure inside the pump and the water from
the wet well or intake is forced into the pump by the
higher pressure of the atmosphere. When the pump bowl
is full, as evidenced by water being discharged fron
the vacuum pump or as otherwise sensed by automatic
equipment, the vacuum is shut off and, at the same
time, the pump is started.

In most water supply installations with vacuum priming,
the water level of the intake is always below the level
of the pump (except during a flood). :Because the pump
will not run .without priwing and can only be primed by

the vacuum priming system, there 1is. usually enough
attention to wmaintenance to keep the priming equipment
in some sort of running condition. | The autowratic
controls may be abandoned in favour of manual
operation, and instrumentation may be “long gone, but
the pump can be primed - or it will not run. In sewage
pumping systems the circumstances are :different. The
level in the collection well varies. and, unless the
pump is above the surface of the: ground, will

eventually rise high enough to fill the pump. This may
be considered a method of priming byt it .is not a good
one because the sewers may be flooded while the level
is rising. :

5

Vacuum priming systems reguire maintenance. Ideally,
there should be duplicated vacuum pumps, especially
with automatic systems. Manually daperated systems

might have a spare vacuum pump available and ready to
be installed, on-site, and with all . the tools and
skills required on-site, also. :

Footvalves: A foot valve is a check valve placed at
the bottom, or foot, of the suction pipe of the pump.
[nitially, it wmay be necessary to prime the pump by

introducing water. This might be done by opening the
discharge valve if there is pressure on the downstream
pipeline. Otherwise, an opening in the ° system can be
provided .-and---water . can be poured in from a bucket,
Once the pump is primed, the foot valve should hold the
prime,

Foot valves are simple but they can become clogged and
fail to seat. When this happens, maintenance is
difficult, If the pump is of the vartical
configuration with the suction pipe hanging down from
the pump, it may be necessary to remove the pump to get
at the suctjon pipe and the foot valve.
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A better solution may be to use a horizontal pump with

an elbow at the top of the suction pipe.

nsiderations: Even though the pump is in a
below the normal level of the water (or
sewage), it is possible for the pump to becowme air
locked and thereby not be primed. This can occur with
intermittent pumping from a collection well,
particularly with sewage 1ift stations. If the level
in the wet well is drawn too low, air may be sucked
into the pump Jjust when it is stopping. The check
valve closes and the bowl of the pump remains full of
alr. On the next cycle, the puwmp will not pump; it
runs, but there is no discharge. This - problem can be
avoided gquite easily by installing an air release valve
on the pump. )

In an emergency, it should be possible to prime a pump
by back flow. If there is pressure on the downstream
pipe (otherwise why would a pump be necessary) the
check valve <can be partially opened (if it has an
external lever, and it should) to allow water (or
sewage) to flow back into the pump, This will cause
the pump and the motor to run in reverse unless the
backflow is very small, in.which case the pump may not
prime in any event. The back spin can bhe prevented or
retarded by using a piece of wood held against the
shaft or the couplings as a brake. This method should
be used only as an expedient in an emergency and not as
a regular means of priming. There atre safety hazards
and care should be exercised. !

¥

Seal Water Systeps b
The bearings of the pump must be lubricated and water
is often used for this, especially -on large pumps.
Water is readily available from the pump itself and
will try to leak into the bearing area in any event.
Therefore, a swall amount of water .is deliberately
permitted to leak through to lubricate and to cool the
bearings. In the case of large pumps handling sewage
or the silt laden water of a river intake, there is a
need to lubricater the bearings and, also, a need to
prevent the pumped liquid from entering the bearing
area. Stuffing boxes or mechanical seals wmight
accomplish this, but a more secure method often used is
water sealing.
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In this method, water is injected into the bearing area
at a pressure that is higher than the pressure on the
pump side of the bearing bhox. The packing or other
sealing on both sides of the bearing is loose enough to
allow a swall amount of water to leak through. This
ensures that the abrasive material in the liquid that
is being pumped is swept away from the seal on the puamp
side and gives assurance that the system is working by
the evidence of the water emerging from the seal at the
end of the shaft,

Seal water pumps, small capacity, high head pumps, are
used to provide the pressure required for sealing. A
duplex instaliation is usually provided so0o there will
be back-up in case of a pump failure. A source of

‘clear water is required, usually from the potable water

system. This water should pass 1into an intake tank
with an air gap to prevent a cross—connection. The
seal water system is usually electrically

interconnected with the main pumps so that the main
puaps will not operate (at least not automatically) if
there is not sufficient seal water . pressure. The
system requires careful attention to maintenance.

Miscellaneous Equipment

In addition to discharge valves and, possibly, suction
valves, various other mechanical devices are used in
pumping facilities. These include check valves, air
and vacuum valves, and pressure relief valves.

A check valve (non-return valve or reflux valve) closes
automatically when the flow in the. norwmal direction
stops or when it starts to reverse, This provides for
one-way flow in a pipeline and prevents backflow. The
alternative is to use a shut-off valve of some type,
but a check valve works automatically and, if properly
maintained, very effectively. There are various
designs that go by various names but what is usually
wanted is one that will slam shut on reverse flow. An
external lever may be desirable because it allows
manipulation by the pump operator. Check valves can
become clogged, particularly by grease in the case of
sewage or by-carhonate deposits in the. case of water,
and they do require maintenance if they are to function

properly. When used with a pump, .the check valve
should be placed between the pump and the shut-off
valve, not downstream from the valve, to facilitate

maintenance.



“Air and vacuum valves are used to release air from a
pipeline that is being filled with water and to allow
air to enter a pipeline to prevent negative pressure,
There should also be provision for the release of
accumulated air because, in typical design, once the
air release seats it remains held in position by the
pressure in the pipeline whether that pressure is from
the water or from accumulated air (which will be at the
same pressure). Air and vacuum valves should be placed
at the high points or summits of pipelines where they
will prevent air locking. They are also used in
conjunction with surge protection. The details of
design and installation are well covered by the
catalogues of manufacturers. Air and vacuum valves
require little attention but should be inspected and
serviced periodically to ensure that the sealing device
is seating properly. Deposits of carbonates or of
algae are the most common problems.

Pressure relief valves, as the name inmplies, relieve
pressure when it reaches a pre-set maximum amount by
discharging water. They close again when the pressure
has been relieved. Pressure relief valves are used in
conjunction -with surge protection ‘and also with
pressure regulating stations. They .require periodic

inspection and possible c¢leaning for . the removal of
carbonate deposits and algae.

2.8 Miscellaneous Design_Considerations

2.8.1

Basic Design_Objectives

o ldentification of pump station duty, and required
pump characteristics. g

0o Selection of type of pump of required efficiency.
o Selection of type of motor, starting equipment and
auxiliary equipment for required duty.

o Consideration of requirement for . standby pumping
sets (HAX or 100% depending on importance of
station) . -

o Necessity for standby génerator where power failures
are frequent, '

o Standardization of equipment, instruments and their
units of measurement.

o Specifications should be sufficiently tight to
ensure gquality equipment -~ commissioning and testing
requirements should be included in specification,

along with spare parts requirements, and operation
and maintenance manuals.
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2.8.4

2.8.6

o Consideration of «ivil, sechanieal

ardd e desctricnd
capital cosis,

3 Consideration of operating costs,

Cyelone Separators

Wheri punping turbid river water, raw water puap stould
incorporate oyelone separators on 2 1and packing
lubrication lines. Thizs will wainimize abrasive wear on
shafts, sleeves and packing.

Higher Speed Punps/Motors

¥here new pumps are Lo be installed, consider the use of
higher speeds (2900 rpm instead of 1450 rpm)

Advantages: o Greatly reduced capital cost;
o Reduced size and weight:
o Increased efficiency;
o  Lower cosi spares;
Disadvantages o Increased raise (nol relevant);

o Inceased abrasive wear when pumping raw
water with high suspended particles;

0 More sensitive — aligrmend. and
balancing; :

o Balancing of rotating parts after
repair, wore critical;

o More noisy;
o Less Feliability.,

Chemical Feed Pusps

Motorized pumping units (for alum, lime, FeCly calcium

hypochlorite) should be replaced whenever gpossible by
gravity feeders, Such devices could be fabricated
locally, See Reference (4),

Replacement of Old Pumps

Care should be taken to ensure that replacement punps and

punp  impellers are of the correct characteristics for the
required duty,

Parallsl Pumps

Facilities with parallel pusps are occasionally

incorrectly designed, but the pumps can still be

operated, although inefficiently, if the operator or his

supervisor urdderstands the problem, The typical
—22=



error that arises in design is due to a lack of
understanding of pumps and involves varying flow in a
system where the head loss due to friction 1is large
compared to the static head (lift),

Parallel pumps that 1ift the discharge through a short
pipe or through a separate discharge pipe for each
pump, such as from one level of a canal sytem to a
higher level or directly into an elevated reservoir,
cause no problems because the head does not change
appreciably as the number of duty pumps
changes. Similarly, where more than one pump operating
in parallel discharge into the same pipe system, there
is no problem (even if the pipeline . is long and
produces a high head loss) as long as the total
discharge remains constant. This is because the head
also remains constant and the pump can be selected to
meet this head. '

When the pipe friction loss is high (long pipeline) and
the discharge 1is varied by varying the number of pumps,
the pumps will not perform efficiently at both the high
head and the low head that will result from high and
low pipeline flow. This may seem obvious but it
apparently is not always recognised and appreciated by
design engineers, nor by O0&M personnel.; The problem
should be made clear by Figure & which shows the system
and performance curves for a three-pump facility.

The system curve is constructed by . plotting the
discharge/head curve of the pipeline, offset vertically
by the amount of total lift. The discharge/head curve
of the seleéted pump is drawn in the same way as it is
shown on the manufacturer's performance curve. The
curve for two pumps is drawn by doubling ' the discharge
of one pump for each of a series of heads. The curve
for three pumps is drawn in the same way, only tripling
the discharge. It should--be readily apparent that a
pump chosen to run alone will be very inefficient when
three identical pumps are running. '

In the example, based upon realistic data and pumps,
the pumps of Selection 1 will perform when all 3 are
running, but ‘are at the end of the curve. When only 2
run, they should be throttled back by adding 8m of
head. One pump alone cannot reach the system curve and
needs an additional 13m of head. The extra head can be
supplied by partially closing the discharge valve, bhut
this is extremely inefficient. With Selection 2 which
has been chosen to satisfy the reqguirement for one
pump, the second and third pumps will run without
problem, but will not produce the reguired flow,
Adding the second pump will increase flow to 1.4Q
instead of 2Q and adding the third pump increases it to
only 1.6Q instead of 3Q. Nothing can be done with
these pumps to produce the required maximum flow.
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Once_. a pumping facility with this type of problem has
been constructed, not much can be done to correct the
problem, aside from changing the pumps. What can be
done, however, is for the operating personnel to be
aware of the dangers of insufficient pump head, if that
is the direction in which the error lies, and use
valves to create enough discharge head to protect the
pumps and motors. The proper way to design a facility
with multiple pumps, variahle flow, and a long
forcewain is to use different sizes of pumps, each
designed to fit the system curve at the particular
discharge.

These are common fallacies which arise from a lack of
basic understanding of pumps, motors and hydraulics.

In an inspection of a pumping facility ﬁt may be found
that a pump that should be running, 1s not. A reason
(or excuse) often given by the operator is that the
motor was overheating. he knew that it was overheating

because it felt hot to the touch. An ambient
tewperature of 380 C is about average in a tropical
climate and 359 C is common in drier and hotter

climates. A mass of cast iron will feel distinctly warm
at a temperature exceeding the normal body temperature
of 37°C. Motors are expected to run 10°C pr more above
ambient, depending upon the effectiveness of
ventilation, and therefore will normally 'in Sri Lanka
run at about 40 - 45°C.

md L

3

The proper way to evaluate temperature 1is with a
thermometer. If the ambient temperature is normal, the
ventilation adeguate, and the amperage within the
allowable range, the motor should not overheat. One
thing that can cause a mwmotor to get. hot is rapid
cycling - being turned on and~off too frequently. The
excessive current required for starting the motor
accunulates heat faster than it can be .dissipated by
the normal cooling system of the motor. For this

reason, large motors are wusually limited to about six
cycles per hour or even less.

It may also be found during an 1inspection that the
wrong pump 1s running for the prevailing conditions;
the large pump may be running at low demand or vice
versa. The explanation usually is, "that pump Jjust ran
for two hours and needs a rest.” Pumps used in water
and sewage pumping facilities are designed for
continuous operation and do not need to rest. They do
not get tired. ldentical pumps should be alternated
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if not on each pumping cycle at least weekly; but this

is not for purposes of rest, rather to equalise the
wear and to be sure each pump is kept in running
order . Where different sizes of pumps are involved,
the proper size should be wused to fit the pumping
needs, regardless of whether "it has Jjust been
running.” Wet well size and pumping cycles should be

selected to avoid any problem of too frequent starts
and stops.

The operators may be maintaining too high a level in
the wet well. This is usually restricted to sewage or
storm drain pumping for two reasons. In the first
place, the wet well level of a water intake pump is
usually relatively constant or at least is not affected
by the pumping. In the second place, personnel in the
water business understand the need to supply water
whereas the sewvwerage system personnel may rnot recognise
the problems caused by flooding a sewer. :

The reasons §given for not pumping down ito the proper

level are many. 0One 1is that 1t requires less power
per unit of volume pumped and this is usually true. As
the level rises, the 1ift decreases. The discharge

will increase because of lower head, balanced somewhat
by the increase in friction head from the increased
discharge. The required power will increase but the
rate of discharge will increase even more.,

Another reason is that it requires fewer changes of the
duty pump (from small capacity _to larger capacity).
This is also true. If the smaller pump 1is used, the
discharge will be inadequate to maintain the proper low
level, but the discharge will increase as the level
rises and equilbrium will be reached befdre overflow -
perhaps, but not always. With enough alloﬂed variation
in wet well depth, one pump could be ‘selected that
would handle all variations in flow. '

The wultimate  reason is that the personnel do not
consider the " level important. This is not necessarily
because they do not care but perhaps because they quite
honestly do not understand the consequences. The wet
well almost never overflows because there is some point
in the system that is lower. If there was not
initially, there wmay very well be after the first
overflow. The street in front of the facility |is
usually lower than the rim elevation of the wet well,.
and any wmanholes or catch basins will discharge into
the street before overflowing the wet well. In the case
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of a sewer. there way be a connection to ‘a storm drain
or canal or river to ensure no overflow at the puwmps.
1t is only where the pumps are truly at the low spot,
more often in drainage systews than in sewers, that the
personnel truly recognise the need to "pump or get wet.”

Failure to maintain the proper level in the wet well,
especially during low flow, causes a great reduction in
pipeline velocity and this results in deposition of

sediment or other suspended solids. In the case of
sewers, there is also the resulting septicity to be
considered . Despite all of the arguments of operating

personnel, the wet well must be kept :at the proper
level to avoid a variety of health, isanitation, and
maintenance problewms upstream.
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3. ELECTRICAL ASPECTS
Electric_Motors

Electric motors transform electric energy into rotary
mechanical energy. The simplest configuration of any
electric motor 1is the arrangement of an electrical
circuit and magnetic fields 1in such a way that a
rotating magnetic field 1is established. The rotating
magnetic field drags or pulls the iron of the rotor
(the rotating member of the motor) around with it.

All wotors wmust perform the following tasﬁs:
o Start a load from rest

o Accelerate the load to full speed thhout damage Lo
the motor or the driven machine

o Continue to operate under normal load Qonditions

o Withstand load conditions and abnormal power-system
conditions that might develop.

To comply with these various condit@ons. motors are

designed and classified for various operating

characteristics. :

More current is needed to start most motors than to
keep them running. The current taken by ‘the motor the
instant the motor 1is connected to the power system,
while the motor rotor is yet at rest, 'is called the
locked-rotor current, which is often from 5 to 10 times
the normal full-load current of the motor. Both the
full load current and the locked-rotor current at the
rated voltage of the wotor are. given®™ on the motor

nameplate, The time required for a motor to start from
rest and reach full speed varies from 1 to 8s. During
this time, the excessive current drawn by the motor
causes an abnormal voltage drop in the power system, as
evidenced by the dimming of lights. Excessive voltage
drops during -starting can cause inconveniences such as
the drop-out of relays, solenoids, or other motor
starters. Drops that are not excessive, but cause a
noticeable light flicker, can be a nuisance when they
occur frequently as a result of repetitive motor
starting. The size of the wmotor has a considerable
influence on the motor—-starting problem and its
effects.

There are two broad classifications of AC Motors - the
single-phase induction motor and the three-phase

induction or synchronous motor.
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Single-phase __motors: single-phase motors are motors
designed to operate on single-phase alternating
current. A motor with only a straight single-phase

winding has no starting torqgue, but if it is started in
either direction and brought up to speed mechanically
by spinning its shaft or by some similar outside means,
it will run and continue to carry its load. Thus sonme
means must be provided to cause the motor to start.
These means are simply variations in designs of
starting winding to make the motor appear to be
something other than straight single-phase, It 1is not
uncommon to find a single-phase motor that will not
start, but if given a spin externally, will continue to
ruan.

Single-phase motors generally have fractional
horsepower but may be wused up to approximately 18 hp
(7.46 kW). These motors are usually rated 120 or 248
V. Single-phase motors may be divided .into six general
classes, split-phase,repulsion-induction, capacitor-
start, shaded-pole, synchronous, and series—universal.

Three—-phase__motors: Most of the 1/2-hp (6.37 kW) and
larger motors on water distribution systems will be 3
phase, rated at 230, 4606, 2300, or 4008 V. The three
general classes of 3-phase motors are squirrel-cage
induction, synchronous, and wound-rotor induction
motors. Of these, only the synchronous§ motor runs at
synchronous speed. The induction : motors run at
slightly less than synchronous speed byt are referred
to by their synchronous speeds. For e@ample, reference
may be made to a 36@0@-rpm induction motor, although it
is understood that such a motor will operate only at an
approximate full-load speed of 3450 rpnm.

The squirrel-cage induction motor-is the simplest of
any of the motors and requires the simplest controls.
The power-supply leads connect to windings in the
stator (the stationary part of the motor), which are
arranged in such a way that a rotating magnetic field
is established, The rotor (the rotdting part of the
motor) is—made“up - of bars arranged cylindrically and
Joined at the ends by continuous end-rings. The rotor
then looks like a squirrel cage, hence the name.

Two basic concepts of motors should béeé understood by
those who design or use pumps:

(i) RPM: the rpm (revolutions per minute) of the type

of fixed speed motor used for pumping is determined by
the cycles per second of the electric current (Hz) and
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by the nuwmber of poles in the winding (P) as follows:

rpw 5. Hz_x oPr wvhere s is Lhe
P/2
slippage factor that varies from 1.8 for synchronous
motors to about $.97 for the more usual sqguirrel-cage
induction wmotors. This is why pumps are listed as 35d0
cpm, 17680 rpm, etc. for 60 Hz and 296¢ rpm, 1460 rpn,
etc. tor B® Hz. A synchronous two-pole wotor runs at
3400 rpwm on 50 Hz.

The rpw of a wound-rotor motor can be varied by
controlling the current in the rotor. ; This is wusually
done in steps during starting by advancing from one
resistance to a lower one on the sgarter mechanism.
The current flowing through the resistor creates heat.
The starter is wused only briefly and the heat is '
quickly dissipated. [f the running  speed 1is to be
varied by the same means, the resistor must be designed
to dissipate the continuous heat that  develops. Such
speed control wechaniswms are wuswvally as large as the
motor and pump combined. This is &an effective but
inefficient way of varying the rpmiand, thereby, the
discharge of the pump. It is, however; mwmore efficient
than throttling the discharge valve.

l Various speed controls are available for the more

efficient squirrel-cage induction motors. They are

l, very efficient in terms of power con$umption but are

also expensive and wusually complex. A reasonable

' compromise way be had by wusing two setg of poles in a

squirrel -~cage mwnotor and shifting from one set to the

l other to change rpm. Thus with a 6 pojle/8 pole motor,

the rpm can be selected as eitheri96@8 or 728. This

will produce a woderate change in pump discharge. In

I designing two-speed pumps it is important to select the
proper rpm ratio. ’

E

(ii) Volts, _Awperes _and_ Power: engineers know that
power (kW) is the product of volts and amperes but they
wmay not recognise that it is usually the amperes that
varies. The power reqguirement is determined by the
rpm. At full design voltage a motor will strive to run
at full=pu “by increasing the amperes to go with the
available volts. This is the basic cause of most motor
failures. The excess amperage causes overheating,
which results in premature deterioration of the
insulation. This is what keeps electric shops busy
revinding motors.

A change in voltage will affect the rpm to some degree,
running several rpm faster with "a [8% “increase in
voltage and similarly slower with a decrease.

- — 4 mmmmpe b me s e ————

"The factor 6# converts cycles per second to cycles per minute.
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Huwover, Lhre: volltapge also  attects the awmperage in the
UpposiLe sénse Lo wmatntain the relationship between kW

ud o the  produoct \ ~ AL Motors are designed to handle
sl thcrease o docrease  of 1A% . but. beyond this the
pump  and  wotor  way not operate satisfactorily. e is
common praclice Lo stop operation 1f the voltage drops
by as much as 0%,

Motor HlLuriorsy

hece e various Lypes of st.arters for electric
HoLor:s . The wost  situple  Lvype is a switch for
direct-on line (ol starting. The pump operator

pushes a  button or tLhrows a  switch abd the wmotor
starts, There is a surge of power as Lh? motor goes
from sLop to full specd and, in !poorly wired
facilities, the lights way go diwm. However, the surge
is brief and Lhe wiring can handle the excess current.
This type of starter is used for swall motors where any

over-sizing of the wire that 1is required is less
costly thaun providing a mwore complicanted starter.

Switches are cheap. H

:
For a  wound-rotor wotor the starter i% a variahle
resistor,  usually  in discrete steps [ rather than
continuous, that allows the current of the starter to
be increased gradually as the wmotor Spéed increases

{rom stop to full speed. This type: of starter
Lenerates a large amount of heat, so fit must be
advanced through the steps  quickly. ; The maximum
starting time. typically about 39 secconds, is usually
stamped on the case of the starter. %

: 3
Another starter is tLthe stacr-delta, whigh is a two

position starterx, Approximately -958% T of full-line
voltage is applied to each winding and the motor
develops 33% of tull-voltage starting torgue. This

results  in 4 current  of  33% of . normal locked rotor
current from the line. When the wotor has:! accelerated,
the starter is switched to  the second position which
restores the normal delta operation of the motor.

When a wotor is installed there should bk no problem
about the -w—starter because the designer and the
installer have, or should have, sufficient knowledge
about wotors and starters to use the proper equipment.
It is when o starter (ails, perhaps because it is
simply  worn out, that the trouble starts. The people
who wmake the replacement way not understand the: subject
as  well as  did the designer and installer.  To them it

may be that "a starter is a starter:” and the wrong one

Wi be  ordered or, worse yet, substituted frowm whav-is -

escass and available. Only cowpetent people trained in

Pp—— P N PN
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ERETNEN SR R shoutd wma ke decisions regarding the
bt itution ol ehecteionl cqguipment, A pump wmechaunic

e ht bhe Lo Led to ke a tepltacement of an identical
St ter . biat Ol clectricians should Lry Lo "ma ke
something else work.” Even then. it is saler Lo use

the correct cquipment .

Starting methods tor various applications are as
tollows:

tn) o Direct oo -line starting of sguirrel cage pmotors

Direct on-line starters are wmainly recommended for
low to medium power motors of up to 2.2 kW (3 hp),
and is the siwmplest method of starting motors.
However, reference  must be wade to CEB regulations
regarding the maximum power Lo he connected to CEB
mains.

(b Star delta staviing of squirrel-cage wotors

This tLype as described above, is ; suitable for
starting no toad and low-load iradial flow,
centrifugal pumping sets. However, it 1is not
recommended besond a power rating of more than 59
kW due 1o the high transient  curirent developed
during the change-over from star to delta.

i
1

Note also that this method is not recommended for
shaft -driven turbine pumps due to thigh transient
reverse currents during the change over from star
to delta. :

T

@

(<) Auto transforuwer starting of squirrel-icage motors

The wmotor is supplied with reduceéd voltage by
means of  an auto transformer which i's switched out
of the circuit when starting -is completed. The
motor starts under reduced voltage on two stages
smoothly and thirdly connects the motor into the
{inal stoge, connceting the amotor to the full wain
supply voltage thereby causing the . two starting
contactors Lo open. =

In this device the wotor is not separated from the
waln supply and as Lhe current is  not interrupted,
transients are eliminated. This method of
starting is reconmended for high power wotors.

Vote that this wethod is ideally suited for
shatt driven turbine puwps as the shaft is not

sre eliminated.

4
t2

sibjected to high stresses becduse the-transients -




tdr Slipring wotors and_starters
Slipring motors are usced normally where machines
have to he started with full load. A slipring
motor cannot bhe started in one stop because of
un-acceptable torgque and current peaks:! while the
stator is supplied with the full wmain voltage it
i necessary Lo insert in the rotor circuit a bank
of resistances which are then shorted out
progressively. Full speed is attained when the

resistance is entirely shorted out.

Norwally these wmotors are not manufactured over
1586 rpuw  because of quick wearing—-éout of brushes
and sliprings. The maintenance cost -is therefore
higher than squirrel -cage motors.

(e) High tensic

()

n_sduirrel-cage _motors

i

itigh tension squirrel-cage motors over 5@Qhp/3.3kV
are always recommended Lo use auto-transformer
starting. :

Motor_and

atarte

¢4

r_Protectijion i

3
i

Many motor designs are available, each providing
varying degrees of protection to the windings from
falling, airborne, or wind-driven particles, and frowm
various atmospheric and surrounding cogRditions. An
open motor is one having ventilation openings that
permit passage of external cooling air oveg and around
the windings. A drop-proof wotor is an ‘open motor in
which ventilation openings are so constructed that
drops of ligquid or solids falling on the wmachine at any
angle less than 15 degrees from vertical :cannot enter
the wmotor,. A splashproof motor i% an ‘open motor in
which ventilation openings are so constructed that
drops of liguid or solid particles falling on the motor
or coming toward it in a straight 1line at any angle
less than 168 degrees from vertical cannot enter the
motor. A guarded motor is an open motor in which all
ventilation openings are limited. o

Motors should be protected against incorrect voltage,
single phasing (if a 3-phase motor), excess current,

and lightning where this is a problem. Because
problems of voltage affect all of the electrical
cguipment of the facility, voltage protection is

usually provided at the wain switchboard or control

panel . The protection may be nothing more than a

voltmeter under the watchful eye of an operator who is

ready to throw the main switch when the voltage drops
too low. This type of protection is effective but it
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1S anly a5 dependable as the employee, who wmay have
other things to do at the time he is needed to throw
the  switoh. Theretore, it is much better Lo use, as
tho pPrimary protection, the auvtomatic voltage

protection devices that are available and also use the
voltmeter and an alert operator as a back up 1n  case of
tailure. The autowatic equipment can be provided with
a tiwe delay to avolrd tripping hecause of a4  momentary
drop in voltage.

Single phasing can also be detected by personal
observation but, as with voltage protection, It is wmore
certain and nore dependable to use protective
equipment ., This. again should be at the wain control
because single phasing will affect all of the three
phase eguipment. A delay element <c¢an be provided to

avoid interruption of power due to 'momentary single
phasing. :

Fuses and c¢ircuit breakers for current protection are
in common use, but they may be set too high. [t the
device is set for the design running of the motor, it
wmay trip during starting because of the extra current
required. This should be avoided by using a bhy-pass
during starting, perhaps further protected at above the
waximum starting current, or by using a delay element
that will allow for brief excess current. In any
event, each motor should have its own circuit
protection in addition to the protection intended for
the main service and for other circuits within the
facility. :

Small motors of less than about 1.8 kW should be
provided with over load protection: built into the
motor. This is usually a bi-metal strip in the circuit
that will spring away from a contact upon overheating
from excessive current through the "strip. It is
usually necessary to press a re-set button to restore
the circuit. This added protection serves two
purposes. it makes the operator aware that there has
been an overload so that he may do something about the
cause before the motor is again started, and it avoids
the hazard of having the motor start again unexpectedly
when the bi-wmetal strip cools. One reason why the
built-in protection is necessary on “small motors is
because the circuit breaker is wusually at a miniwmum
value of 5A which is not enough to protect a 1.8 kW
motor operating on 440V and drawing less than 3A, or on
a much smaller motor vperating on 228V.

Lightoning 1s cowmon in Sci Lanka and there are reports
of lightning causing damage to electrical eqguipment.

Large buildings are cowmmonly provided  witTh T1EhHthing

arrestors which should protect the structure fronm a

- P4 e ——————i I
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Jivecr bt Lighutning 15 comwmon in othoer parts of the
wvorld, also. and clectric transformers are frequently
struck. This does not.  appear to be a problem with
propoer by designed  and installed tranformers. There wmay
b damage to the transformer itself, but not to t.he
cquipment. ol the consumers . If motors are actually

being knocked  out by a surge  of  voltage caused by
lightning stviking the c¢lectrical distribution systen,
the installation should be investigated by a cowpetent
clectrical engineer  and appropriate protection measures
Laken.

As g part of motor protection, all starters for any
except. very  small wotors, wsay less than 0.5 kW, should

he so0 designed that the wotors will not re-start
automatically after being stopped by a power failure.
An  exception would be allowed for fuﬂly automated
installations. There is a danger to men and to
equipment if several motors re—start . auvtomatically.
Fully automated installations usually incorporate
sequencing and delay equipment to . moderate this

potential problem.

In  sumwmary. therefore, it is necessa@y that motor
coutrol centres (MCC) should be equipped with the
following starting, protection and metering devices:
(a) Motor_starters

o Contactors - should conform to BS 5A24 -1EC

158-1 VDE 668/682 and should be
rated for minimum A€3 category.

é) Overload relays should incorporate:

- thermal protection for balanced overloads.
differential protection for_ unbalanced
overloads . B
ambient temperature compensation

o Star-delta starters should havef

- mechanical and electrical interlocks:
variable timer up to 58 s with short
.pause Lime on changeover from star to
delta. ;

0 Add on auxiliary contacts for audio-visual
indication of operating conditions.

o) Main supply to each motor starter should be
controlled by a c¢ircuit breaker of proper Lk
rating. S

C e PN £ e e e bk Ak ke kot ek e n e e e ....m—..,..-.—f-...ﬁ

0 Atl control circuits should be protected by '

fuses or MCB’'s. T . |
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Motor praotegtion

The wain supply to the MCC should be controlled by
4 circuit breaker with wintmum breaking capacity
Y kAL The following protection against supply
faults should be incorporated in each MCC,

o Phase failure protection - monitoring should be
for phase angle between voltages and not  for
voliLage levels.

o Phase reversal.

o Under voltage - trip levels should be adjustable
to suit site supply conditions.

o Dver voltage - trip levels should be adjustable
to suil site supply conditions

o Voltage imbalance - trip levels should be
adjustable to suil site supply conditions.

o Earth faults - differential-type relay with
continuously variable sensitivity adjustments to
sult site conditions (1 - 10 amps). Torroidal
transformer should incorporate independent test
winding for simulating a fault for test
tripping. :

0o Automatic resetting should be provided for

supply faults upstream of the main incomer and
manual resetting for supply faule downstream of
the wain incomer. Visual indication should be
provided to identify individual fault
conditions. '

o Provision for ltow-level cut-out

Metering

Each motor starter should incorporaté an hours-run
meter: AT voltmeter with selector switch for
incoming supply, an awmeter with selector switch;
(and a current transformer for motors rated over

6 aups).

Direct reading amweters {or motors rated below 60

Anps and MCC's rated over 68 awps should
incorporate a povwer factor meter  and  wherever
necessary power capacitors to bring the power

factor near unity
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switechbowrd Desigun

The following tactors and instrumentation should he
considered:

O Specification regarding the  actuusl expected  duties
of the connect.ed load

'} Diversity factor

QO Layvout plan of the installation
O Safety levels

O Indicating instruoments:

Volt weters
Ampere meters
Hour meters
Indicating lamps p
- Under-current relays (espevjaIIV'fnr
auvto-starting)
- Lightning arrestors (necessary wxih submersible
pumps)
- Duty selector switches
- Instrument fuses
- Back-up protection fuses _
-~ Main circuit breakers :
- Provision for starters )
Phase sequence relay i
- Phase imbalance relay :
- Isolator on each pump motor
- Control circuit design
- Circuit diagram to be fixed on the panel
drawn on aluminium foil, or plastlc sheet
- Earth leakage protection relay.

-

Breakdown - Causes_and_Remedies

Some motors are directly connected to machinery which
can "bog down” and overload the motor .by reducing the
rpm. An_. example: is a motor on a‘:circular saw into
which the wood_i belng pushed’ too fast: This type of
overload seldam occurs with' centrifugal pumps because
the impeller can slip through the wster, unless the
impeller becomes clogged with sand or  other
obstruction. There are also . those exceptional
instances where a bhearing on a pump may hind and, in
the process of scoring the shaft, may produce an
excessive load.

Centrifugal pump overload is  usually from one of tLwo
causes, improper design  or improper voltapge. I f Lthe
motLor wa s not properly selected Lo meet. the maximumn
power requirement of the pump, it can be overloaded

when the pump is operating at full discharge . This
usually occurs when the head is reduced below the
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design value, which can  be because of an o error in
design, o h error in operation., or an unexpectod
vccurance ., These causes can  all he protected  against
by sclecting  the correct size of motor. The wotor can

also bhe protected by liwmiting the current..

It the motor has heen properly selectad, it can still
become overloaded in terms of current if the voltagpe
drops. The amperage will rise to gﬁve the reqguirced
power , and it is the amperage (currhnt) t.that does the
damage . In both cases. the rise in current  above the
design value is not great, usually adhout 10 to 15% at
the most . There is not a sudden failure at the first
overload. It takes time for this 'awmount of excess
current Lo over-heat and break down the insulation of
the windings. However, the damage :@is cumulative and
the motor will fail. Even voltage and currant

protection may not prevent this slow but steady type of
damage because the excess current wmsy he enough to
cause premature failure of the ingulation but not
enough to trip the protective devices. .

+

A special problem may arise with swmall motors. The

smallest circuit breaker wusually installed is S5A. For
220V and single phase, the circuit breaker will trip at
1.1 kW  (5A x 228V = 11@@W). If the!motor is rated at
8.5 kW, it is not protected by thei circuit breaker

although the «circuit wiring is. Such’'a motor could run
over-loaded at well above its rated ampperage of. 2.27A
without tripping the 5BA «circuit breaker. Such motors

should have overload protection built into the motor.
Preventive maintenance, especially ofl_electric motors
and starters, 1is of vital importance. A proper record
of breakdowns with a summary of causes and action taken
should be maintained for future guidance. It has been
noticed during the past few years in NWSDB that most of
the motor failu?es are due to the following:

o Flashing-over due to high voltage surges (to. be
protected by lightning arrestors).

0o Overheating due Lo variation of voltage of -the
system, (high or low). :

o The 3-phase 50 cycles motors are normally wound for
a 400V supply with an of allowance of +6%. When

voltages are  hipgher or lower than 16% . motor
characteristios on full load current, specd,
temperature, and power factor are affected, thus
causing the weakening of the insulation of the

winding mainly due to temperature rise due to eXcess
curreant .



o ODverltoading. due 10 increascd discharee due Lo pipe
e st o1 tull opeaing of g delivery valyve

O lmbalance of the phases, genecrally  doe Lo fuse
hiowiug in the high tension system or itnbalance . doe
Lo an imbalance of the distribution systen.

0 Single phasing., mainlty due to 4 biown fuse in 1t he
low tension svstew.

0 Ilnsulation Failure: it is  osxsential that all
current. carrying  parts  be  adeguatéln protected by
high guality insulation of the wotor windings. otco.
The necessity for high qualjity insulation arisces
from the fact that any leakage of current is liable
to c¢reate an arc which wmay cause tusing of the
effected parts or, in the <case ~of: the winding. a
complete burn- out. Furthermore it is possible with
faulty insulation for the frame of the machine 1o be
charged at a sufficiently high veltage to entail a
serious risk of shock to any person touching the
machine, as the best of insulation . material is prone
to mechanical damage. The greatest of care should
be exercised when handling the windings of wmotors
for servicing, or when rewinding. ;

As absolute electric strength of insulating waterial

cannot easily be determined, periodical megger tests

should be carried out to deteirmine the condition of the
motor winding such as dampness and entrapped moisture
in the windings. If insulation js _low, a standard
method of heating should be carried ocut. The windings
of motors are without doubt the most- vulnerable part
and most breakdowns caused in NWSDB pumping stations

have been due to insulation failure. This tLype of
breakdown <c¢an be prevented Iif periodical megger tests
are taken as . suggested earlier and preventive

maintenance carried out in time.:

Anothéb'fr)quentrcaubéfbf'windfnﬁ'faiTuté is due "to ‘the

presence of oil and dust. O0il is fregquently référred
to as the life hlood of a machine and in its proper
place it is exactly that, but when it is allowed to
escape .o the windings due Lo " over charging. it will

cause serious trouble. Dust. will settle on  the
oil- soaked windings and dust and il cin hre i
destructive agent for the windings. 1 1« tarther
evident that this cowmbination prevents the cooling air
to enter the windings, collects wmetallic  dust in the
atmosphore and finally way bhlock the ventilating

passages thereby causing overheating. This can caunsce a
compliete burn-out of the windings.
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Due to fack of wmaintenance vet, another type of Ser]ous
breakdown  can  occur duc Lo @ “"whip” ot the rovor,
wmostly doe Lo bearing wastage and fouling the stator,
causing heat  dawmages of the rotor and stator. Not altl
insujation failures occur bhetween the windings and the
carth. ft sowetlimes  happens  that  a  fault  occurs
between the turns of a winding and it such a fauilt
remains undetected, overheating  and  oeventual burn ount

will bhe tLhe result.

Normal insulation resistance tests may En many cases
fail Lo reveal such a fault espepciakly if it is
confined to the turns in the centre of the winding.
Such faults as tLhis can be discovered by measuring Lhe
resistance of the suspected coil and  cowmparing it
against a3 sister coil or from the wmanufacturing data.
This test should be carried out with a low resistance
measuring instrument. z

Where motors have been installed in a humid atmosphere,
or close to the sea, more frequent breakdowns have
occured. Such situations may cause curreht seepage to
earth, eventually resulting in the puﬁcturing of the
insulation. ‘

TN

Finally it should be noted that testing is not the
complete answer to the problem of how tolkeep the plant
running efficiently. Regular tests should be carried

out as a part of a planned maintenapnce scheme.  To
reduce breakdowns, the first objective 3should be the
elimination of dust and dirt, Regular cleaning and
blowing~out of the windings is very isportant. More
attention should be paid to slipring motors as carbon
dust tends to collect on the windings. 3 '

-

It is essential that a wmaintenance service c¢ard is
drawn up, so that the maintenance officer returns the
card to the respective officers after filling the
columns with his remarks for information and action.
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CER Supptlties and Tarifts

As far as possible supply to pumping stations should bhe
made  available f{rowm the nearest 33kV or 11 kV
transmission lines of the Ceylon Flectricity Bosrd.
The cost  of the spur line and substation from Che main
transmission line would have to be  horne by  NWSDB  and
Lherefore it is bhest  that as far “as practically
feasible, pumping stations he si@nd in the

neighbhourhood of existing or propaosed CFB transmission
lines. ;

Under the Distribution Rebabilitation Plan of the CEB
(Power project IX) the CEB would be constructing nearly
800 to 1208 km of 33 kV transwission lines throughout
the iIsland within the next 9 years andzthese lines now
have heen i1dentified. If any water supply stations are
planned, planners should contactl . the Planning
Department of the CEB regarding the vroyting of these
lines so that their exact location coald be known and
any alterations to proposed routes could: be envisaged,
so that the cost of the spur line could be reduced. At
least 2 to 3 years advance knowledge should be made
available to the CEB planners so that they could meet
the loads required for the water supply stations.

On current estimated costs (March 1987) the CEB's cost
of transmission lines and a typical substation is as
Eiven below; : '

»

11 kV HT - Rs.172,000/= per km
33 kv HT - Rs.193,000/ - per km
258 kV A Substation, 33kV/LT - Rs.240,000/-

258 kV A Substation, 11kV/LT - Rs.193,000/~

Details of the IP2 and. TD2 tariffs are given in ‘the
Government Gazette of 25.1.1985 publishing the ‘latest:

electricity rates. .of the CEB. . _ R

Granting of the TDZ tariff is at the discretion of the
General Manager, CEB and consumers would have to make

application to the CEB (usually to the Commercial
Engineer of the relevant Division). For the TNH2
tarifft, special metoers are reguired costing
approximately Rs.5.,808/=, and this would have to be met

by the consumer.

Therefore, in the case of electricity supply to water
supply facilities planned for the future, it is bext
that regarding the gquestion of bhulk supply there bhe
close co-ordination and advance information between
water supply planners and CEB planners, for optimum use
of supply and tariff.



Otbher Power Sources -

Diesel Engines

Diesel cengines have the 1mportant. advantage
tLhat they  can operate independent!ly at remote
sites, The principal requirement is  a supply

of diescel and lubricants and these ongce
obtained, can be easily transported to almost
any place. Dicsel engines, because of thelr

capability Lo run independent.  of electrical
power supplies, are  especially suvitable for
driving isolated pumplng units such " as raw
watlaer intake pumps., ’

A diesel engine operates through coupression
of air vo a high pressure, i its couwbustion
chambers . As a result . of t.he high
compression, the temperature of the air rises
to over 1,080800°C. When fuel is injected
through nozzles into the @ chambers, the
compressed air-fuel mﬁxture ignites
spontaneously. ¢

Diesel engines mnay be used to drive
reciprocating plunger punes as well as
centrifugal pumps . Gearing or another
suitable transmission  connects the engine
with the pump. For any dilesel-driven pump
installation, it is generally prudent to

select an engine with 25-36% surplus power to
allow ' for a possible heaviégr duty than under
normal conditions. :

(Note: abstracted from Ref. (3) ). .

nd Power

T

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

o Winds of at least 2.5 - 3 m/s are present
60% jor more of the time. =

bR < e B U URA
o The water source can be pumped continuously
without excessive drawdown; ' o B

0 Stofage is provided, typically for at least
3 days demand, to provide for . calm periods
without wind:

oA clear sweep of wind 1o the windmill i1s
secured, i1.e. the windmill 1s placed ahove
surrounding obstructions, such as trees or
huildings within 125 metres: prefecably the
windmill should be set on a tower 4.5 Lo 6
metres high;
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o Windmill cquipment, i~ availtablce  that  can
operate relatively unattendeoed for long
periods of tiwme, for example six wmonths or
more . The driving wechanism  should bhe
covered and provided with an adequate
lubrication systoem. Vanes , and sail
assemblies should be protected arainst

wealthering .

By far the mwmost common type of wind powered
pump 1s the slow running wind whecl driving s

piston pump. The pump 1% gepera]ly equipped
with a pump rod that is connected to the
drive axis of the windmill. Provision wmay bhe

made for pumping by hand during calm periods.

The wind wheels range in diameter from about
2 to 6 wmetres. Even though the windmills
themselves may have to be imported, strong
towers c¢an usually be constﬁucted from local
materials. )

Modern windmills are designed to ensure that
they automatically turn inta the wind when
pumping. They are also edquipped with a
'pull-out’ system to automatiically turn the
wheel out of excessive wind,) stronger than
13-15 m/s which wmight damage the windmill.
The 'sails’ of fan blades can be so designed
that +they furl automatically to prevent the
wheel from rotating too fast :in high winds.
The windmill will normally not begin pumping
until the wind velocity is about 2.5 -.3 m/s.

(Note:_ abstracted from Ref. (3) )

§gl§£ﬂ?9wgs

SOléfﬁﬁEﬁghng]has great _potential in. .the .

application -of pumping -water for small-scale
community ‘water supply. Much research and

prototype testing is directed t.o the

development of reliable, cconomical
solar-powered water pumping  systems  (often
referred to as “"solar pumps”). Increasingly,
Lthis is supplemented by field trials and
demonstration of promising solar punps. A
number of  solar puwp wmodels are already
availlable in the markct,



Basically, in a solar povered water ponping
svstLeim, solar radiation iy converted into
electric power, cither divectly (photovoltaic
cells) or indirectly using « heat mechanical

power—-clectric powaer  conversion  ronte, The
clectric power 15 then usoed Lo run an
electromotor which drives the water punp. The

overall energy conversion efficiency  of solar
pumps is in  the order of 6 12% for a photo
voltaic pancl/electromotor/water pump svstewm,
and 1-15% for o heat. collector/thernal
power/electro generator/electromotor/wator

puip system. ;

Solar pumps using photo-Vvoltaic cells to
generate  electric power for driving the water
pump, are currently more promising than
thermal solar pumps with flat-plate heat

collectors, due to the inherént Jow efficiency
of energy conversion in the latter type of
system. -

To provide for storage in a solar pumping
system, it is possible to usec batteries
storing electric energy. . However, this |is
costly, and adds to : the waintenance
requirements of the panp system. The
recommended way of providing a storage
facility in a solar pumping system, is an
overhead tank to receive and’ store the pumped
water. The use of batteries can aso be
avoided. 3

A factor of great imﬁortance for the
efficiency of a solar pumping system 1is the
choice of «centrifugal water pump to be coupled

to the solar power/electromotor unjt. The
performance of a solar- povered pumplng system
with a centrifugal pump <can be critically

impaired if centrifugal pumps are . used that
are too sensitive to a variation of pumping

selected _that

Studies and tests have shown, that for greater
pumping heads, and for large "volume water
pumping, solar systems using a
positive-displacement plunger pump are better
than those with a centrifugal pump.

(Abstracted from Ref. (3) ).
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. Thus,. ip the ghoxce of pump those types -
“Hnd qodels jzmustij. , . are
_ e¥§g$ when operatxng away'"

from thelr optlmum head.



At a seminar in Colowbo in January 1987,
attended by Ananda Silva of NWSDB, it was
revealed that government institutions like
CGR, CEB, and Mahaweli Authority had started
using solar power systems for their
operational requirements as an economic
alternative. The application of BP Solar’'s
water pumping systems was also discussed and
further it was revealed that tropical
countries like Sudan, Egvpt and Nigeria had
been successfully applying these solar
powered borehole pumping systems in providing
drinking water requirements to tpeir villages.

The solar powered water pumping systems are
designed to start automatically as soon as
there 1is sufficient sun light: in the wmorning
and will stop in the evening :when the sun

sels. These systems are designed to run
completely unattended day-in and, day-out, and
would only require routine ! inspection to
ensure everything 1is in ordet. The solar

array provides a virtually waintenance-free
power source with a life expectancy of around
20 vears. Pumps and electric motors
specifically designed for solar use generally
need little maintenance. f

Solar powered water punping systems are
capital intensive but the @peration and
wmaintenance costs are very much less, when
compared to fuel-powered systéms. In the
long run, they can compete economically with
fuel powered water pumping systems,

particularly in remote dry—-zone areas where
electricity supply 1is not readily available,
but where ground water is available. o
Further demonstrations and pilot studies are
scheduled to be carried out in Sri Lanka and
design engineers are encouraged to contact
Ananda Silva for the latest information on
the applicability of these systems.




Ilnstrumentation

1. INSTRUMENTATION

required al pumping

efficient operation and effective control

Q

(8

QO

o)

[0}

(o]

Flow measurement

Pressure weasurement
Flectrical current measurement
Voltage weasurement

Running time wmeasurement

Wet well level measurement

Details are given below;

a)

b)

c)

d)

@)

facilities for
is as follows:

Propeller type flow meters for the discharge of

each pumping system, unless there
means of flow measurement,
flow and totalised flow
recording is recommended. Units

metres per hour and cubic metres.

Pressure gauges of
of suitable size,
for the
discharge of manifolds of
and for each
device.
(Ilm head of water =
9.807 k Pa). Use

range and  units;

surge arrestor or sihi

9.8087 kN/m2: (
pressure snubbers/

providing
indication. No continuous
should be

Preferred units are metres . head of

is some other
for rate of

cubic

the bourdon orébellows type and

of measurement

suction and discharge of egch pump, for the
parallel ; pumping

systems
lar pressurised
water.
= $#.99807 bar =
suppressors to

smooth out pressure fluctuations to gauges.

Ammeters of suitable size
circuit and for the main supply to
The main ammeter should either
indicating the current in each leg
installations .or a separate meter s
on each Teg . /&

and range for each pump

the facility.
be capable of
of three-phase
hould be placed

A voltmeter of suitable size and range for the main

supply to the facility.

An elapsed time weter C(hour meter)
of each puwmp motor to indicate the <t
running time.

in the circuit

otal hours of

Aty

t) A punmping level
AWSDB, operated by a float, wire,
on a staff board for
the pumping level of the intake
to affect pump performance,.
metLres .

- 46 -

indicator, probably fabricated by

pully, 7and T~ target T

each pumping facility where

sufficiently
should be in @ ™

varies
units
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Treatwent tacilitices

lustruwentation required for control of the process is

2

(6]

¥}

(9]

Det

a)

h)

c)

d)

e)

Wat

er_Storage_Facilit

follows:

Measurcment of rate ol llow and total tlow of water.
Measurcement of filter head loss

Measurcment of chlorine dosage.,

ails are given below!

Parshall fluwne or siwmilar ., device with float
operated flow rate indicator and totaliser, but ot
a chart recorder, for measuring the inflow. Units
should be cubic metres per hour, and cubic metres.

Propeller meters with flow rate indicators and
totaliser for measuring wash water and for
measuring outflow, either before or after the clear
water reservolr as (a):

[N PN

Staff gauges for measuring the%water level in each
filter. Units should be wetres. :

Manometer tubes tapped through th? filter wall for
measuring the head loss in edch filter. Units
should be metres.

Chlorinators, either Wallace &% Tiernan or Fischer

Porter, for post chlorination and also
pre-chlorination if applicable in;the process, with
duplicate chlorinators in each instance for

standby. Units should be kg/h.

fes

es

The measurements--required at water storage facilities
are as follows:

(4]

Reservoir level

o Totalised flow from the reservoir..

Details are given below;

a)

b)

c)

locally fabricated float operated board gauges for
indicating reservoir level (units should be metres)

Accurately <calibrated pressure gauges for any
remote indication of reservoir level . 7UNTTs shoald ™
be metres head of meter. '

Propeller meters for indicating totalised flow from
reservoirs, (Rate of flow indication not
necessary). Units should be cubic metres.




Flow Measuremoent

tn the  past, most ol the rate of flosw meters installed
Al wajor pltunts have becn of the  Uall tube  or Venturi
U e in  wost  of these meters, there is an electrical
tutertace hoelween tLire Sensor (Veonturi) and the
recording tustrument . A few meters have no electrical
interface and the pressare signal 15 measured directly

LY @ wanowetoer,

In situations where raw water is pumped from a river,
Lhere is a tendency for Lhe annulus in 3he Dall - tube to
becomae clogged with pebbles ., i Maintenance and
cleaniug/rewoval of Dall-tubes is i time consuming,
particularcrly when the chamber is tho small to permit
proper access, and regquires  shutting down the supply,
where no bypass line i1s provided. :

ln most casces. however, breakdown got’ flow metering
devices has been caused by damaged electronics eg.,

burnt out  printed c¢ivrcuit boards. The wmost likely
causes are voltage fluctuations and surges. In Colombo
(where voltages are most stable campared Lo other
regions) a voltuge trace indicated a voltage

fluctuation from 160230 volts during ai 24-hour period.

It is therefore not recommended to insitall Dall/Venturi
tubes as flow sensors on raw water dlines from rivers,
and to use Parshall flumes or weirs ins&ead. They have
the advantage that they are self-cleaning, need minimal
waintenance and are sufficiently ackurate for board
requitements. They are also ideali locations for
efficient coagulant - wixing. Pre-fabricated Parshall
{lumes or fibre-glass could be produced: locally.

(See Ref. (4) ). ;
For measuring flow of treated water or’ filter backwash
water, the existing Dall tubes could be used. The
electrical intertface, however, should bb eliminated and
a direct pressure recording instrument installed. The
instrument should also include a counter read-out of
the total _flow, ’

Other_ lostruwentation

For further information on control valves,

Ltelemetering, pneumatic and electronic instrumentation,

and automatic control, the design engineer should

consult reference (3), T e —
18
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ANNEX A1 NOTES ON SPECIFYING . PUMPS

CAS MG

Specity quality of cast iron desired by, for exawnple,

an ASTM  or BS nuwher. Do not ask for "close grain cast

iron” {(cluse grain is too general)

WEAR RINGS

) Do not Jjust specify hronze wear rings:. Specify
ASTM or BS number for the bronze.

o Where double wear rings are used, the impeller ring
should be at least 5@ brinnel greater than casing
ring. .

0 Double wear rings are desirable in pumps 200 nn

(8 in) and above.

0 Double wear rings are not necessary in  pumps under
1580 ww (6 in). .

BEARINGS (oil or grease_7)

Advantages of oil over grease!: E

o0 No danger of overgreasing, B

o Grease may oxidize and dry out especialiy when not
in use, ;

o Grease tends to be wore =~easily contaainated in

storage than oil. Operators could dip their dirty
fingers into a can of grease and contaminate it:

o To clean a grease  lubricated bearing is wore
troublesome than cleaning an oil lubed bearing.

Casks

i

specifying axially split double suction pumps ~(they are

casy Lo wmaintain). specify Lwin voluted cases Iin sizes 189
[TER]

(3 in2 and up. This results in less shaft deflection
less  prerotation at eye of impeller. Radial loads on

shatft are also counterbalanced.

-
B
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uMp bPHﬁD‘\\lhﬂ e 2999 vpw )

Advantages of 29490 rpu

o Higher efficiency:
0 Swmaller size.
0 fLower cost.

Disudvantages of 29090 _rpn

0 Maintenance bhecomes more critical especially
balancing and alignwment . \

0 Higher noise level.

SUAET SLELVES

0 Shaft sleeves should be keyed to the shafti

0 tise of chrome stainless steel rather than bronze
particularly when puwping river water;

0 Use sleeve of 11-13% chrowe stainless steel with
Brinnel hardness of 225 -30@;

0 For a harder sleeve use 17% chrome stainless steel
with Brinnel hacrdness of 550 (for water carrying
abrasive material).

0 Wwhen stainless steel above 11-13% chrowe is used,
always use non-graphited packing. “"Otherwise
graphite will cause sleeve to pit.

BASE PLATE

Steel is hetter than cast iron - if baseplate has to be

modified because of change in wmotor or sowme other
change. it 1s a simple wmatter to cut into or weld onto
a steel base plate. C.l1. would present a wmajor
problem. Base-plate should be provided with a “drip lip
to collect stuffing box“drainage.

COUPLINGS
I'se an  all-wetal coupling of the "Steelfex” type ftor

pumps up Lo  and including 50 hp (expensive but
good),and gear type couplings for pumps over 50 hp.

A3
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EEFETCTENCY
Sometimes Q bidder may quote a very high punp
efficiency due Lo a Ve close ring clearance., This

Wway hold good in a factory test hut after a short
vun in period the efficiency may drop dramatically due
Lo slight  increase in ring clearance. Bidder should
therefore  state  ring clearance at  which “the gquoted
efficiency is Z2uaranteed. !

GLAND PACKING LUBRICATLION
Whoere water with suspended watter is being .puwmped, do
nol. use this water for gland lubrication. The abrasive
paurticles will score  the  puawmp  shaft. Eiéher use a
separate supply of  clean water or use. a cyclone
separator in the gland cooling waler line Lo sSeparate
the particles in the water.

E]

Prepared by Skanda de Saraw - 0&M Consultant., USAID Pﬁoject

1987
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ANAEX A2 ELECTRICALLY QPERATED MOTOR
CONTROL CENTRES (AUTOMATIC AND MANUAL,

GENERAL REQUIREMENTS

1.1 Al equipment installed in a wotor control centre
should he  operatiyve  on Lhe standard electricity
supply ot 199 volts 5B Hz on polyphase and 230
volts 59 Hz on single phase systewmns.

1.2 Instalted eqguipwent shall comform to.relevant- [EC,

BS, VDE, NEMA oc¢ siwmilar international éLandard.

EACLOSURES :

2.1 Enclosures lor bhousing wotor coptrol centres shall
be so designed as to accomodate qll necessary
egquipment on a practical layout. to enable the

operation and control of equipment ia an efficient
and safe manner.

e

2.2 Protection, metering and monitoring éguipment and
devices should be well separated frtom operation
equipment. Adeqgquate space shall be: provided for
all incoming and outgoing cahles. :

MUTOR STARTERS

iyt ie

3.1 Starters shall be push button opérated, with
provision for remote or automatic operation, when
liquid level detectors or duty selectors are to be
incorporated. !

3.2 Motors rated for loads upto 5 ;hp shall bhe
controlled by direct on line Starters; and between
S.hp and 39 hp by Star Delta startérs.,

3.3 Flectro-magnetic contacrLors used for switching
shall be of the three-pole type unless specified
otherwise.

3.4 Contacts showld” “be quick-acting, closing above 80%
rated volrage. The closed contacts shall not  open
or drop out ahove 68X of rated voltage.

3.5 lodividual contactors sclected for control shall be

able to carry 8% wore than the rated current
applicable for the operation. and should be able to
withstand 98% AC 3 and 10% AC 4 category making and
breaking currents.



—
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3.18

Mechanical vandurance G operation of contacltors
shall be more than D3 willion operations,

Repetitive tabe ol contaclors shall e ware than
59 operations per hour

Flectrical cndurance  of contactors shall exceed |
willion ouperations on the mixed secvice of 90%
ACS  and 14% ACL category .

On Star Delta wotor starters the change-over
contactors shall be mechanically and _electrically
interlocked. :

Overload relays on Star Delta motor starters shall
be connected down- stream of the main contactor.

+

4. PROTECTLON

Overload protection shall be provided ta all wotor
starters. '

Overload relays shall incorporate the following

features . i

a) Thermwal protection for balanced overfoads.

b) Differential protection for unbalanced over
loads. :

¢) Automatic awbient temperature compenaatxon.

d) Adjustable current sectings.

¢) Manual and autowatic resetting delllLleS

{) Testing facilities. i

g) Trip position indicator .

h) londependent NC+NO contacts or quick breaking
change-over contacts. :

Protection against short circaits © shal)l be

provided by 3 pole MCCB or MCB, which should also

act as an isolator. The breaking capacity of the

MCCB/MCB at supply voltage shall be egual to or

more than the prospective short cirqpit current

anticipated at the point of installation.

Motor control centres with wmore than one nmotor
starter shall have a separate incoming MCCB to

control the total curreut of the respective motor
control centre. '

All wmotor control centres shall incorporater earth

fault protection meeting the following

.specifications:

a) Relay shall be of the differential monitoring

Lype
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by Tripping Sens LIV shall be adjustable in the

range 200 wA and e aups Lo sult site
conditions.
cr Tripping delay  shaltl be adjustable, preferably

continuousiy between 8 Lo 95 seconds.,

;v Hand or auto resetting capability

) Provision for remote control tLest push button.

t) Matching torrodial core halance transformer with
suitable diaweter for cach application.

£} Core balance transforwers shall incorporate a
separatLe test winding for siwulating ground
faults,

The following supply fault protection de&ices shall

be provided on every motor control centre’

a) Protection against phase reversal.

bh) Protection against phase failure. : Monitoring
should be by phase angle between voltages and
nopt by voltage levels, in order to avoid
mal--function of the relay with f?edback or
regenerative voltages. : :

¢) Protection against under voltage should be
adjustablel to wmeet site conditions.

d) Protection against over voltage Eshould bhe

adjustable to meet site conditions.
¢) Protection against voltage unbalance should be
adjustable to meet site conditions. p

Automatic Liguid Level Detectors

Wit g b

Where required, motor control centresf shall be
provided wwith Liguid Level Detectors fbr automatic
switching UN and OFF of pump motors corresponding
to the level of the liquid in the well. and/or tank
at. pre-set limits. : '

oal

-

JThe Liguid Level Detector shall be ;apable of

controlling levels of all conducting liguid and be
capable of performing the following operations:

a) Puwp- inzControl (for storage tank) —E when tank
level falls below wminimum preset level contacts
should c¢lose to start pump wmotor and when

maximum level is obtained contats should open to
stop wmotor. )

") Pump-out-Control (for sump or well) contacts
Lo close when wmaximum pre-sct level, of the well
is reached to start pump motor, and contacts to
open when level tallis below a minimum pre-set

level to stop puwp wotor and prevent loss of

prime,

AT
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. Simud Laneogs PUME N and PiMP OoUT  control
contacts to «lose and start  pump motor it and
when Lank requinres Liguid. and weell  has
sutficient supply, and contacts to open and  stop
the pump  malor  whoo liguid in tank reaches
max Linu level or  when well reaches minimum
level , as the case may hbe,

d) The detectur shall incorporate a polLtentiometer
to adjust the sensilivity between e¢lectrodes to
compensate the resistivity of different liquids.

¢) The voltage between coumon and level electrodes
should not exceed 35 voluts RMS.

0/MANUAL _SELECTOR
when specitied, each motor sLarLer§ shall be
providedwith an  auto/manual  sclector  switch and

wired to perform the following operations.

When in  auto position the motor starter shall
operate (ON/OFF) automatically from ;signals fed
from a remote source. £

i

In mwanual position the starter control circuit

should be transferred o an ON/OFF ;push button
station for wanual operation, i

v

R
ok

4

.LECTOR

=

.1 When two or more pump motor starters are installed

.6

in a motor control centre, manual or automatic
selection of duty cycles for each ﬁotor shall
be.provided. :

The duty cycle shall wmeet individual, specific
requirements aund period of ecach operating time.

When in *Manual’' position, the operator should be
able to start and stop any motor starter to meet
operational requirements.

"Automaitic’ wode shall provide the automatic run
ofwotors, in a pre-set sequence for specific
periods of time.

Running time of each wotor shall be controlled by a
timer suitable for such application.

The timer should be able Lo operate continuously
with good precision and rvepeatibilivy performance.

Continuous operation of each motor shall . _be
adjustahble for required periods
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ELECTRICAL MEASUREMENT
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Motur  Cuntarol Centres shall be provided with
moeasuring fostrunents of the (lush type with dials
ot 72 wm sguare for swall panels and 96 wmm square
for larger panels.

All instruments shall meoet the following
specifications)

(a) Stapndards: to TEC 5, BS 89 or equivalent

(b)Y Cases: to protective standard [P 54

(¢)  Accuracy: Class 1.5

(d) Overload: 20% countinuous

(e) Test Voltage:! 2008 Volts 54 iz foﬁ I minute
Voltweters shall have 4 range to ' read A-50¢
volts,with external Zero adjustment screw.
Connection to supply to be wmade via a 6-way

selector switch to read phase to phase and phase to
neutral potential ditference. :

For loads wupto 68# Awps direct reading ammeters
should be wused. Loads ahove 66 Amps should be
monitored using 5 Amnp full scale deflection
ammeters via x/9 current transformers.

Ammeters should be able to withstand and damp
starting currents of connected motors.

Elapsed tiwe wmeters should he provided to each punp
motor to log the actual running hours of +~individual
puwps and associated switch gear.

Where loads exceed 68 Aups Power Facrtor wmeters
shall be provided to read #.5 capacitive to 0.5
inductive. These weters should be suitable for
operation>omn 3>phase 4-wire balanced or unbalanced
loads . :

Separate ammeters shall be provided for each pump
hotor where- 2 or morec motors operate
simultancously.



8. -MONITORING

8.1 Visual indication shall be provided for tLhe
foltowing indications’

(a) Three lamps of different colours. preferably
RED YELLOW BLUL for "Mains  supply available’
indication.

{b) A GREEN lamwp for mwotor starter ON indication.

(¢) A RED lamp Tor motor starter TRIPPED indication.

{d) An AMBER lamp for 'LOW WATER LEVEL'findicaLion.

{(e) A RED lawp ftor 'SUPPLY FAULT' indicétion.

(f) A RED lawp for 'EARTH FAULT TRIP' iédication.

e dunde i e o

3

Prepared by Skanda de Saram - 0&M Consultant, USAID!Project,
December 1987. ; '
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APPENDIX A.3

INSTRUMENTS _SPECIFICATIONS

The type of specification that is usually written for the gauges,
meters, and other devices used for instrumentation is in terms of
size, range, units of measurement, function, shape, and working
conditions. Required quality 1is indicated by referring to known
brands or standards for comparison. Details of materials and
fabrication are indicated by reference to established standard
specifications of various technical societies or organizations. A
typical specification for the instrumentation for sewage pumping
stations is as follows: : SRR RS
MATERIALS_AND__STANDARD _SPECIFICATIONS: Provide instruments, -
equipment and materials suitable for service conditions and: -
meeting standard specifications such as ANSI, ASTM, ISA, -and

SAMA. The intent of this specification is to secure
instruments and egquipment of a uniform gquality and wmanufacture
throughout the plant; 1ie. all instrumeénts in the plant

supplied, of the same type, shall be by the same

manufacturer. This allows the stocking of the minimum numper'
of spare parts. ’ S

In preparing specifications for direct procuremeﬁt or for a supply
and install contract, the Egeneralised specification for material -

and standard is supplemented by a specification of description ‘and -

performance for each item of instrumentation, giving as wuch --
detail as is necessary to ensure that what is needed wili:be
supplied. In special cases a particular make :and model *m&yf*be
required either as a replacement or for standardisation, and ‘the
specification is reduced to a statement of that make and model. : °

1. Pressure_Gauges _

Gauges shall be of the bourdon tube or bellows type with 278
degrees clockwise pointer travél. Dials shall be white with black
numerals. Dial size shall be as shown ‘on the Gauge Schedule.
Accuracy shall be within one percent or less,. Panel mounted
gauges shall have round bezels for flush mounting and rear
connection. Others shall have a stem mounting bottom connection.
Connection for all gauges shall be male 15 mm with square wrench"
flats. Wetted parts shall be corrosion resistant to the process
fluid shown in the Schedule and unless specified in the schedule
shall be the manufacturer's best quality standard. Where the
process fluid is likely to clog the tube or when shown in the
Schedule, the meter shall be supplied with a silicone oil filled
stainless steel diaphragm seal. When specified in the Schedule,
gauges shall be equipped with dampeners. Cases shall be black
enamelled steel. Ranges shall be as shown on the Schedule.

- A 12 -~



2z Aummeters

Al awmmeters shall have sguarve dials  with guadrant  (99°)  poianter
Ltravel with the pivot of the pointer in the lower left hand corner
of the dial. Rangoes and sizes of anmmeters shal) be as shown on
the Ammeter Schedule, Ammeters  shall be suitable for flush
mounting on the inside of the coontrol panel unless otherwise shown
on the Schedule.

3. Voltmeters
All voltmeters shall be for 440 volt service and shall have 150om

square dials with gquadrant (99°) pointer travel with the pivot of
the pointer in the lower left hand corner. *All voltmeters shal:l

be suitable for flush mounting on the inside of | the control panel
unless otherwise specified. 2 , SRR R

4. Flow _Meters : ;- RN
All flow meters shall be of either the propeller or helical vane
type of the size and range shown in the Flow Meter Schedulie and
shall indicate rate of flow in cubic metres per hour and totalised

flow in cubic metres or decimal wultiples thereof : The"meters--

shall be so constructed that the entire mechanism may be ‘removed
without disturbing the pipeline, and blank cover plates shall ' be

furnished. Magnetic drive shall be used and the register ‘shall ‘be

separated from the drive by a completely water tlght partition <or:
other barrier. A spare register shall be furnished for each size

and range of meter. Flow meters shall be A Company, B Company, -C Cel

Company or equal.

3
5. Chlorinators 3
l
The chlorinators shall be of the vacuum operated s01ut10n feed
type with feed rate regulated by ran accurate: variable control
They shall be furnished with rotameters or other control dev1ce
with a maximum capacity of 18 kg/h but so ‘designed .that the’
capacity can be increased in__.the field to 26 kg/h by répla01ng“
parts. The replacement parts for increasing the: capacity shall be
supplied with each chlorinator. Each wunit shall be. housed in ‘a
durable floor mounted fibre glass cabinet with easy access  for
maintenance and disassembly. Corrosion resistant materials shall

be used throughout. Chlorinators shall be Wallace & Tieirnan "‘or"’
Fischer-Porter...  No-.sother makes are acceptable for reasons of -

standardisation of equipment and spares.

6. Additional Cownwents

there are several sizes or capacity ranges of.. a; ! .particular:

instrument, it 1s usually preferable to use a schcdu+v~toﬁshnw the"ﬂﬂ

variable details. Such schedules are usually placed at the end of

I
e

" The foregoing specifications are given as examples of ~wording andﬁf”
provisions which are appropriate for different-'giﬁhations_ lf1“

the section and should be clearly identified. — ‘ "
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The person  preparing the specifications should be familiar
not only with what is wanted but also with what is ‘actually
available, particularly with regard to sizes, ranges, and
units of wmeasurement . It will do no good to réquire a
range  of  zero to 85 kg/h, for cxawple, il the industry
makes the instrument in the range of either zero to:5# kg/h

or  vzero Lo 1P kg/h. Sometimes the problem can be resolved
by specifying an approximate range or acceptable variations
in the range. Similarly. it 1s pointless to redqguire the

scale to be in kPa if all that is available |is kg/sq cm.,
Some of the manufacturers or stockers that wi'lll be the
sources of supply for projects constructed by local
contractors have not vyet converted to @metric nor to the

international system, which is a wore restricted version of ‘@~

metric. :
Specifications should be tailored or at least modified to '*
fitt the needs of the project. There is often a temptation,
perhaps through lack of experience or lack of time, to use
a specification from a previous contract without fully

considering whether it is appropriate. It mpay be . 'that it
was not appropriate even for the earlier application,’
Certainly, old specifications are a good staéting point and
a good source of wording and organisation of the :
provisions, but the present needs must, be carefully ~°
considered. ; E e i abang
3
4
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APPENDIX A.4

INSTRUMENT PROCUREMENT
| t is generally recognised that there are no lacal
manufacturers of gauges, meters, or chlorinators suitable for
use by NWSDB. All itews of instrumentation except such devices
as staff gauges or manometer tubes must be imported, and this
has contributed Lo the past lack of maintenance of
instrumentation. Procedures must be established for the prowpt

procurement of spares or replacements if the instrumentation is-

to be kept in service,.

As part of the procurement procedure, there must he 'a c¢lear

understanding of exactly what is to be procured. Chlorinators

and ancillary egquipment should present no problen because this & - -

type of equipwent has limited application and few manufactdrers
and, in any event, NWSDB should standardise the make and wmodel

of eqguipment. It is in the field of gauges and meters that
there may be difficulty in identifying the correct items both

as to design and as to quality. 3

To procure the correct type of pressure gauge, electrical meter

or flow meter, there must be an adequate description in thé‘ 
specifications. Those persons handling the procurement must -
realise the importance of the specification and wust not allow’

Lo bzl

ShEY R

any deviations without approval from O&M. Certain features or
details may be c¢ritical while others wmay be such ‘that
exceptions could be permitted, but the decision to allow a

deviation should be made by the user and not hy tﬁe procurer.

Quality control may be difficult. Most _of the mdnufacturers in

the industrialised countries that are potential  sources of "

supply have been supplying to public (governmental) agencies
and can be depended upon to comply with established  standards

and with their own specifications if proper procurement
procedures including contract guarantee are used, There ‘are’
manufacturers in some countries who are not reliable, and

special procurement techniques may be required if there is open
international tendering.

One technique 1is -to  pre-qualify the suppliers, requiring
samples and specifications in advance of actual tendering. A
questionnaire can be prepared, as in the pre—-qualification of
construction contractors, which will provide NWSDB with
pertinent informatios about the manufacturer .and - .about his
customer. The gquestionnaire c¢an include specifiék_désign or
material details. Samples «can be obtained, especielly -for

small itews, or the factory could be inspected. The advantage. .

of pre-qualification is that it occurs before the price is
known, thus avoiding the problem of an attractive price
influencing the purchaser to accept an item that does not meet
the established specification. s

e A
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aside ftrom design details and quality, there is the problem of

locating sources of supply. Much of the procurement may be by
direct purchase rather than competitive tendering. This 1s
because tLhere may be only one source if items are standardised

and because  sowe swall jtems wust be obtained from abraod where
there is not enough interest Lo attract supplies through the
usual tendering process. Three different methods can be used
in locating sources and in the actual procurement : using local
agents representing overseas suppliers, contacting overseas
suppliers directly and using overseas agents.

1. Local Agents

A  thorough inguiry among local suppliers of a variety .of.
equipment and among persons familiar with supply has  resulted

in locating only one source of supply of imported ammeters and
voltmeters, and that was a swall shop in Pettah that handles. a
variety of electric supplies, some of which wight be useful.
There is a local agent for Kent water meters and Wallace &
Tiernan, wanufacturers of <chlorinators, has established an,
agency here, probably because of the recent:. construction . of

several treatment plants using W&T equipment. However, no.
sources were found for pressure gauges and hour meters and the
one small shop in Pettah that stocks electrical wmeters 1is not.
an adequate source for the total needs of NWSDB. Other agents .

may exist that were not found and, in any event, it may be
possible to develop interest in the supply of instruwentation
equipment so that agencies will be established. -

Two reasons for the apparent lack of interest in the supply of
meters and gauges may be the lack of potential profit and the
lack of present demand. A water utility agency the size of
NWSDB is potentially a very good custgmer for a large quantity
of water meters with a sales value of wmillions of rupees.

Although not as many units of chlorinators are involved, the -

sales value is again very high. Therefore, .manufacturers . in
these two fields will be looking™ for future business with

NWSDB. In the field of pressure gauges and electrical meters’

there is not the potential volume or profit to interest the
manufacturers. Such devices are usually imported as part of
the pumps and wmotors without involving local suppliers of
instrumentation, . ith  the lack of maintenance there has been
no demand for replacements and. therefore, no source of supply
has developed. : ' ’

This does not wean that import agents would not become

interested if they had a market. If NWSDB refurbishes . the
older pumping and treatment facilities, a large Qnantity of
gauges and meters will be required initially. Thereafter a

steady dewmand should result from waintenance. If ‘importers,
like the one in Pettah that handles ammeters and voltmeters,”
dare made aware of the potential present and future needs,
perhaps they will start stocking or at least listing pressure
gauges and other devices. ;
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t Overseas Conlract
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) local agents are not found for the supply of instrumentation
equipment, it will be necessary to go to the sources of supply
in fortegn countrices or  even to  sources of  origia, the
wanufacturers. In the case of large items of equipment such as
bulk water meters, it would not be difficult to locate
appropriate manufacturers and deal with them directly. Wallace
& Tiernan, the manufacturers of the chlorinator in most common
use has a local agent who should be kept in regular contact for
maintaining or up grading the chlorination equipment. As

previously mentioned, Kent has a local agent who could be

contacted regarding water meters for the uses that
appropriate. B B

i
i

are 3 .

The catalogues from Kent do not show bulk propeller wmeters with
a dial indication of rate of flow although they do show flow
rate indicators and recorders of a type which has proven to be
unsuitable for Sri Lanka. There are manufacturers in ~‘the ’

"United States that wmake the type of flow meter that should be

used. Perhaps the best known is Sparling, and there are others
there as well as in other countries. NWSDB gould contact such

manufacturers directly and request detailed specifications ~and’

price guotations. If a mutually satisfactory business

relationship develops, the wanufacturer that supplies ' the
meters may appoint an agent in Sri Lanka to promote further

sales.

In the case of pressure gauges, ammeters, voltmeters and ‘hour
meters, there is not the need for standardisation that there 1is
with water meters or chlorinators. If one. of these minor
instruments breaks down, it is usually best to replace it.
NWSDB <could seek out agents or wmanufacturers in foreign

countries, but there are so many of thew and the value of the

order would be so small that this wmay not bhe the best course ~ of
action. : '

-l

3. Overseas_Agents

If miscellaneous supplies cannot be procured through local
agents and if the. size of the order of any type is not large

enough to warrant dealing directly with an  overseas
manufacturcr, the . best. course of action mayg he to use an
overseas uagent, a procurement service agency (PSA). NWSDB will
have a need for wmany other ijwmported items bhesides ' pressure
gauges and electrical meters. The PSA is not restricted Lo a

particular line of supply and can satisfy a ‘broad range of
procurement needs including packaging, shipping and insurance.
The wmiscellaneous items of instrumentation that cannot be

obtained wore effectively or conveniently in some other way can
be included in a request for other items being procured by-
NWSDB and referred to the PSA for procurement.
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iption of what is wanted will
rough a pPSA Jjust as with a local

local agent both may handle a
have had petter

a clear descr

ons with
procurement th

Specificati
4 for

be require

agent. Although the pSA and the

wide .variety of items, the PSA will probably

PR in dealing with specifications because he has a much

targer\ volume of business and much larger staff than does the

0¥pxi?melocah agent. 1f NWSDB uses the same PSA over 8 period

that are’ne;dedPSA wx!l begome familiar with the type of supplies
ed and wvill, in effect,_become an extension of the

Supplies Department.
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