pumpsets are designed to serve a period of 15 years.
6.14.2 EVALUATION OF COMPARABLE FACTORS

Fivery alternative, when analyzed on the above lines, could be evaluated in teoms of cost
figures on a common comparable basts by:

() Capital cost of the most suitable pipe material as laid and jointed and ready for
service, including cost of valves and fittings and all ancillaries to the pipeline.

() (a) Capital cost, as installed, of the necessaty pump sets corresponding to the
pipeline size m (1) above.

(b) The amount which should be invested at present such as would yield with
compound intercst, the amount necessary to replace the pumpsets m (1) (&)
at the end of their useful life with bigger pumpsets for once or often to
cater to the requircments during the design peniod or the loan repayment
periad.

() TFinergy charges; if the pumpsets in (i) (a) are designed to serve for, say 15 years,
the daily pumpage will vary from the intial requitements to the intermediate
demand after 15 years. The energy charges will be based on the average of these
two dally pumpages, leading to an average annual expenditure on energy charges
on such basis,

The replacing of puraps under () (b) will, likewise, involve annual recurring cnergy

charges for the average of the demands during the subsequent 15 years period for the project
design or the loan repayment period whichever is greater.

The two annual recurring costs should be capitalized for inclusion as a part of the present
wnvestment. For this purpose it is necessary to derive:

(a) The amount of the present investrnent which would yield an annuity for 15
years equal to the annual energy charges on the initial pump sets, and

(b) The amount of present investment which would commence to yield, over
the subscquent 15 years period, the annual energy chaiges for the replaced
purnpsets in (i) {b),

(¢) Apart from the cpergy charges, the other recurring annual charges
comprising the cost of operation and maintenance staff, ordinary repairs
and miscellaneous consumable stores.

The present investment which would yield an annuity equal to such annual tecurring
charges throughout the design period, or loan repayment period (f it exceeds the former),
would trepresent the capiralized cost, for inclusion as part of the total investment now
recuired. '

(iv) The addition of the present investment figures as worked out under (1), (1), (2,
(i) (b, (i) and (iv) would represent the total capital investment called for in
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respect of cach  alternative dnvolving 2 specific pipeline  size  and  the
cortesponding pumpsets. A ﬁ“‘(“}&“i‘ig‘“’if\é‘éf?X'?L of the total investment so i‘{mﬂ;ﬁuimd "
respect of the several alternatives examined would indicate the most economical
pipeline size to be adopted for any particular

soect.

‘ 3

vy Inall the above computations, the rate of interest plays an i *mpmmw role and for
proper comparison, ( may be saken as the rate demanded for the loun
CEPAVINSNL.

5145 S0orE OF SINKING FuND

In the methods of companson outhned 2

the pipeline or the pumpsets at the end of the d
has been advisedly not included. It would mntamount to the present generalion paying in

e, any provision for a sinking fund to replace

1gn or loan repayment perod where needed

advance for the amenities for the next genemion, 1 addition o paying for its own amenities
through the design pes rocedure 15 aeither equitable nor e

particulatdy when local finances are unable
against the wmitial instaltations of such proj

od of 30 years. Such a p
)

shoulder the financial commitments even

6144 PorrLineg CosT UNDER DUFERTENT AUTERNATIVES

Theee are thiee ﬁ?lii(‘pm"ld ot factors bearing on the problem viz, the design period
usually limited to 2 maximum of 30 years, the loan repayment period of 30 - 40 years and the
hife of the pipetine which may be aaything from 50 to 100 years. There 15 one g‘s-“u“i"-ii;:zfm' pipe
size for which cost should iw mﬁﬁmz‘mm consid a"nmm is capital and mamtenance charge, for
the loan repayment pedod. The size of the pipe will be larger if the penod considered is the
life of the pipeline and this larger size wm.ﬁg. appear 1o be less i;i.(ji“i-{,!i"s’}:i{_fﬂ if the period s

restricted to the loan repayment period.

The ssue, therelore, hin “ﬁi;“,f% o which size to choose out of the two in a particular projec
Whichever size s adopted, the Joan therefore has to be repaid, within the specified pfzmr\axﬁ?
long before the *nm;imc* ceases to be of use. For the investor, the pipe size which will cost

him the mintrrm s the criterion, pipe costs and maintenance bemng considered over the

loan repayment period. The other size based on the life of the pipe tmaterial would cost him
gdd.mcmdi fnancial burden although 1t may be the cheapest when considered over the life
period of the pipeline.

The sale price for the water will have to be based on the financial obligations on the
repayment of the loan and the maintenance costs. The period of repayment of the loan thus
enters into the question and the consumer will have to pay 2 higher price if the comparison is
based on the life time of the pipe and not on the loan repayment petiod or the design period,
as the case may be,

The life period of the pipeline as also other components would become a more rational
factor when the project 15 financed entitely from perperual public debis to be sncurred by the
promoters and the communmity pays back in perpetuity against loans raised from time 1o time
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for additions, alternations and expansions niceded.

Whether the pipe size is based on the loan repayment peniod or the lifetime of the pipe,
its wility to the community will be there even after repayments of the loan Since the
ncidence of the financial burden on the consumer will be less in the {ormer case, the
method i to be preferred,

6.14.5 ReECURRING CHARGES-DIESIGN PERIOD VS, PERPETUITY

Annusl recurring charges on energy and operation and maintenance are perpetuity,
irrespective of the design pertod or the lift of the pipeline. Their capitalized value is restricted
to the design period or the loan tepayment period whichever is greater, as reflecting the
cotarmitment involved relevant to such period for a proper comparison between alternafives,
Otherwise a possible method may be 1o consider an indtial investment which would yield an
interest to meet such recurting charges in perpetuity, It is, however, more rational (o
consider capitalization of the recurring charges over the design or loan repayment period,

T PRI A T T — o P - T—
6.14.6 CAPITALISATION W;fﬁx ANNUITY METHODS

In 6.14.2(v), the comparison suggested was on the basis of present capitalized value, In
the slternative, the capital installation cost of the pipeline could be converted nto an anmuty
for the design period, or loan repayment period whichever s greater, in the same way as a
loar: discharged through annuities and such anmuty added on to the other annual recurring
charges for a total comparison between the altematives.

6.14.7 SELECTION

The method suggested in 6.14.2 would give 2 comparative idea of the total capital
investment involved wheseas the method suggested in 6.14.6 would indicate the annuities
involved as hetween the aliernatves. A better concept is perhaps afforded by the former
method.

The most economical size of a main can be armved by evaluating the capital and
maintenance cost {capitalized value} for different diameters. Mathematical solution 1s also
possible. The objective (cost) function is formulated to ensure desired system performance,
Several optimization technigques are available for minunizing the objective fyncnon. One of
the simpler methods is one in which its (objective function) first partial derivatives with
respect to the several decision variables are set cqual to zero. The resulting system of
equations is solved exactly or approximately and the principal minoss of the deterrmnant of
second partial derivatives are investigated to ascertain whether 2 maximum or mInimuwm

involved (see Appendix 6.5).

While determining the type of the pipe matenal to be used, alternative alignments, cost of

cross drainage works, cost of valves, specials and other appurtenances, should all be
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considered to determine the most economical size for the conveying main,
6.15 CORROSION

Causes of corrosion and the protective and preventive measures have been discussed in
9.8.
6.16 APPURTENAMNCES

To solate and dratn pipe sections for test, wetallanon . cleaning and repatrs, 2 number of
¥ s s : s
apputtenances of auxiliaries are generaily installed in the line.

6.16.1 LINE VALVES

Mam e valves are provided to stop and regulate the flow of water in the course of
ordinary operations and in an emerpency. There ate many types of valves for use 1 pipeline,
the choice of which depends on the duty. The spacing vaties principally with the terram
traversed by the line. In urban areas with connections m the distributton system, main aim is
to sectionahise the line in order to maintain reasonable service. In larger lines isolating valves
are frequenty mnstalled at intervals of 1 to 5 K The principle considerations in location of
the valves are accessibility and proximity to special points such as branches, stream crossings
ete. The spacing of valves is a function of economics and operating problems. Sections of
the pipeline may have to be ssolated to repair leaks. The volume of water which would have
to be drained to waste would be a function of spacing of isolating valves.

These valves are usually placed at major summits of pressure conduits. Summits dentify
the sections of the line that can be dramed by gravity, and pressures are least at these ponts
permitting cheaper valves and easter operation. Gravity conduits are provided with valves at
points strategic for the operation of supply points, at the two ends of sag pipes and wherever
it 1s convenient to drain the given section.

Normally valves are sized slightly smaller than the pipe diameter and mstalled with a
reducer on cither side. Tn choosing the size; the cost of the valve should be wetghed against
the cost of head loss through i, although i certain circumstances it may be desirable to
matntain the full pipe bore (to prevent erosion ot blockage).

It 15 sometimes advisable to mstall small diameter bypass valves around large diameter
inkine valves to equalize pressures across the gate and thus facilitate opening.

6.16.1.1 Sluice Valves

Shatce valves or gate valves are the normal type of valves used for isolating or scouring,
They seal well under high pressures and when fully open, offer little resistance to fluid flow.
There are two types of spindles for raising the gate; a rising spindle which is attached to the
gate and does not rotate with the hand wheel, and a non rising spindle which is rotated in a
screwed attachment m the gate. The tising spindle 1s easy to lubricate.

The gate may be parallel sided or wedge shaped. 'The wedge gate scals best, but may be




damaged by prit. For low pressure, resilient or gunmetal scaling faces may be used. For high
£ 7 E 1 » ¥ : -
pressure, stainless steel seals are preferred

Sluice valves are not intended to be used for contnuous throttling, as erosion of the seats
and body cavitation may occur. If small fows are required the bypass, valve 5 more suitable
for this duty.

Drespite sluice valve's simplicity and positive action, they are sometimes troublesome to
operate. They need a big force to unseat them against high unbalanced pressure and large
valves take many minutes to tumn open or closed, for which power opetated or manual
operated actuators are also used. Some of these problems can be over come by installing 4
valve with a smaller bore than the pipeline diameter.

In special situations vanations of shuice valves suited to the needs are used; needle valves
are preferred for fine control of flow, butterfly valves for ease of operation and cone valves
for regulating the time of closure and controlling water hammer.

6.16.1.2 Butterfly Valves

Buiterfly valves are used to regulate and stop the flow especially in large size conduits.
They are sometimes cheaper than sluice valves for larger sizes and occupy less space.
Butterfly valves with no sliding parts have the advantages of ease of operation, compact size,
reduced chamber or valve house and improved closing and retarding characteristics.

These would mvolve slightly higher head loss than sluice valves and also are not suttable
for continuous throtding, The sealing is sometimes not as effective as for shuce valves
espectally at high pressures. They also offer a fairly high resistance to flow even in fully open
state, because the thickness of the disc obstructs the flow even when it 15 rorated to fully
open positton. Butterfly valves as well as sluice valves are not suited for operation in partly
open positions as the gates and seatings would erode rapidly. Both types require high torques
to open them against high pressure, they often have geared hand wheels or power deiven
ACHUALOTS.

Butterfly Valves with loose sealing ring are sometimes not effective, especially at higher
pressures,  Butterfly valves with fixed liner can overcome this shortcoming, further the
butterfly valves with fixed liner needs no frequent maintenance for replacement of sealing
ring as in the case of butterfly valves with loose sealing ring. The fixed liner design butterfly
valves ate now available m India suitable for working pressures up to 16 kgs/sq om.
Presently there 1s no 15 for the fixed liner Butterfly valves.

6.16.1.3 Globe Valves

Globe valves have a circular seal connecied asially to a vertical spindle and hand wheel.
The secating 15 a ring perpendicular to the pipe axis. The flow changes direction through 90°
twice thus resulting in high head losses. These valves are normally used i small bore pipe
work and as taps, although a variation is used as a control valve.
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6.16. 1.4 Needie And Cone Valves

Needle valves are more expensive thaa sluice and buttecfly valves but are well suited for
throtiling flow. They have a gradual throttling action as they close, whereas shuice valves and
butterfly valves offer little flow resistance untd practically shut and smay suffer cavitation
damage. Needle valves may be used with counter balance weights, springs, or actuators to
matntain constant pressure conditions either upstream or downstream of the valve or o
mamntan g constant flow, They are resistant to wear even at high flow velocities. The method
of sealing 15 to push an axial needie or spear shaped cone into a seat. There 15 often a pilot
needle which operates first to balance the heads before opening. The cone valve is o
variation of the needle valve but the sealing cone totates away from the pipe axis instead of
being withdrawn axially,

The needle and coue valves are not commonly used in water supply but are occasionally
used as water hammer release valves when coupled to an electeic ot hydrautic actuator.

I pressure condutrs, small gate off-take known as blow-off or scour valves are provided
at low points above line valves situated i the line on a slope such that each section of the
line between valves can be empried and dratned completely, They discharge mto natural
dramage channel or empty into a sump from which water can be pumped to waste.

‘The exact location of scour valves Is frequently influenced by opportunities to dispose off
the water, Where 2 main crosses a stream or drainage structute, theve will usually be 2 low
pomnt i the line, but if the main goes uader the stream or dran, it cannot be completely
drained mto the channel. In such a situation i is better to locate 2 scour connection at the
lowest pomt that will dram by gravity and provide for pumpiag out the part below the drain
pipeline.

There should be no direct connection to sewers or polluted watetcourses except through
a specially designed trap charaber or pit. For safety, two blow off valves are placed in seres,
The outlet into the channel should be above the hugh water line. 1€ the cutlet roust be below
high water, a check valve must be placed to prevent back flow.

The size depends on local circumstances especially upon the time in which a given section
of line s designed to be emptied and upon the g«
based upon onifice discharge under a falling head, equal to the difference in elevation of the
water surface in the conduit and the blow off less the friction head. Frequency of operation
depends upon the quality of the water carnied, especially on silt loads.

6.16.3 AIR VALVES
When a pipeline 13 filled, atr could be trapped at peaks along the profile thereby increasing
head Iosses and reducing the capacity of the pipeline. It is also undesirable to have air

pockers m the pipe as they may cause water harmmer pressure uctuations during operation
of the pipeline. Other problems due to air include corrosion, reduced pump efficiency,
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maifunctioning of valves or vibeanons. Adr valves are fitted to release the air autornatically
when a pipeline 15 being filled and also to permit air to enter the pipeline when it is being

emptied. Additionally air valves have also to release any entrained air, which might he
accumulated at hugh pomnts 1 the pipeline duting normal operations.

Without air valves, vacuum may ocour at peaks and the pipe could collapse or st may not
be possibie to drain the pipeline complerely.

Aar walves require care i selection and even more care in siting and it 15 good practice 1o
plan the pipaiafzw ﬁzmmmm o gwm% air troubles altogether. A spec mﬁ@ study of the possible ar
probiems 15 necessary age dsell and provision should be made for suitable
COTTRCHVE MEAsures mt%m than p{mmmmﬁ; arhitrary air valves at pipehine peaks

Locations of air valves can be at both sides of gates at swmmits, the downstream side of
other gates and changes in grade to steeper stopes i sections of line not otherwise protected
by g valves.

The valve usuvally takes the form of vigncd buoyant vuj amte or rubber-covered ball
seated on a tubber or metal ring, The sealing clesment L. , the ball 15 slated against an opening
at the top of the valve when iiﬂ{* pipe s full and seals f;%"m opening. When the pressure mside
the pipe falls below external pressure, the ball deops thereby peomitting air to be drawn into
the pipe. The valves are mainly available in two forms, either single-ball or double ball. The
single ball type can have cither a large orifice or 2 small orifice, the former being only suitable
for emptying and filling of pipelines and latter for discharging small quantities of entrained
afr. Double am valves sre avadable which can be classified a5 dual purpose with a large orifice
and small erfice m one unit, with a common connection to the main. For im:sw;i m}{if;*c%ucrt
pipelines, a trple orifice air valve is available with two large osifices and one small. For high
pressures, stainkess steel floats are used wstead of the vuleanite-covered halls.

&

Special designs of air valves are also avallable which operate satisfactorily with
high-velocity air discharges. 1§ normal air valves are used under these conditions, there is 2
si“mgu: that the ball might be carried on to its seat by the air streamn before the accumulated
air has been fully released.

A valves can be provided with an integral stop valve or alternatively and preferably, a
standard shuice valve can be bolted o the inlet flange, which must be of adeguate size for its
duty. Regular mamtenance checks on atleast an annual basis should be catried out to ensure
that the balls ate fiee to move and that the seats do not leak. If an air valve is isolated for any
reason in very cold weather, the body should be drained to pxm’sfﬁﬁ: frost d’im'z_gc::, a plug cock
van be fitted at the base of the E’sud}f for this purpose. ] mppgd chamber drainage 1s essential
to prevent any possibility of stagnaot or polluted water or air entering the pipeline.

Automatic air valves in urban streets present 2 serious contamination sk, since they must
have air vents that could, in some circumstances, admit polluted surface water. Construe g
an air valve chamber as water tight as possible and ttng a ball valve interceptor as on outlet

to & stofm water sewer ¢ o practice to obwviate this ;mwi dhity, Using manually operated air

.
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valves in the streets, it being the routine duty of a turncock in the area to air the main, t©
minimize the risk of serious contamination, is yet another practice,

The following ratios of air valves to conduit diameter provide common but rough
estimates of needed stzes:

For release of air only 1:12

For admission as well as release of air 1.8

An analysis of air-inlet valves for steel pipelines, Parmakian takes the compressibiity of
ait into account and combines equations for safe differential pressures of cylindrical steel
pipe, pipeflow, and air flow, in the following approximate relationships:

J . w2 AV [P
d,/d=199x10 \/ﬁf//{ {1 - %ixo,zss]—ozs (6.15)

for P2> 0.53 P, and as
e 356
db,fd33.9]xiO"'zﬁ%?{j%) (6.16)

for Pz € 0.53 Pt because ait flow cannot increase beyond a critical differential of 0.488
Kg/em®,

In these equations, daand d are tespectively the diameter of the air orifice and pipe, AV i3
the difference in the velocities of flow on each side of the inlet valve, C s the coefficient of
discharge of the valve, and Pand P, are the pressures inside and outside the pipe
respectively, with P, =P, not exceeding one half the collapsing pressure as a matter of salety.

The equations apply strictly only to elevations of 304.8m above mean sea level at 40
degrees ladtude (g = 9.81 mps) temperatures of 25.32°C, 20% humidity, an adiabatic
expansion for which pve = pv!40 the air occupying a volume of 0.87 cum/Kg.

$.16.3.1 Air Release Valves

Ait Release valves are designed specifically to vent, automatically and when necessary, air
accumulations from lines in which water is flowing, Such accumulations of air tend to collect
at high points in the pipeline, Air which accumulates at such peaks, reduces the useful cross
sectional area of the pipe, and therefore induces a friction head factor that lowers the
pumping capacity of the entire line. The use of air release valves eliminates the possibility of
this air binding and permits the flow of water without damage to pipeline.

Small otifice air valves are desighated by their inlet connection size, usually 12 to 50 mm
diameter. This has nothing to do with the air release orifice size which may be from 1 to 10
mm diameter. The larger the pressure in the pipeline, the smaller need be the orifice size.
The volume of air to be released will be a function of the air entramed which 15 on the
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average 2% of the volume of water (at atmosphenc pressure),

The small orifice release valves are sealed by a floating ball, or needle which is attached to
a fioat. When a certain amount of air has accurnulated in the connection on top of the pipe,
the ball will drop or the necdle valve will open and release the air. Small orifice release valves
are often combined with large onifice ait vent valves on a common connection on top of the
pipe. The arrangement is called o double air valve. An isolating sluice valve is normally fitted
between the pipe and the air valves.

Double air valves should be instalied at peaks in the pipeline, both with respect to the
horizontal and the maximum hydeaulic gradient. They should also be installed at the ends
and intermediate points along a length of pipeline which is parallel to the hydraulic grade
line. Tt should be bome in mind that air may be dragged along in the direction of flow in the
pipeline and may even accumulate in sections falling slowly in relation to the hydraulic
grachent. Double air valves should be fitted every 1/2 to 1 KM along descending sections,
especizlly at pomts where the pipe dips steeply.

Air release valves should also be installed all along ascending lengths of pipeline whete air
is likely to be released from solution due to the lowering of the pressure, again especially at
points of decrease i gradient. Other places where air valves are required are on the discharge
stde of pumps and at high points on large mams and upstream of orfice plates and reducing
rapers.

Asr-Relief wowers ate provided at the fisst summit of the line to remove air that is
mechamically entrained as water is drawn into the eatrance of the pipeline.

6.16.3.2 Alr Inlet Valves

In the design and operation of large sieel pipelines, where gravity flow occurs,
considerations must be given to the possibility of collapse in case the internal pressure is
teduced below that of atmosphere. Should a break occur in the line at the lower end of 2
slope, a vaccum will in all probability be formed at some point upstream from the break due
to the sudden rush of water from the line. To prevent the pipe from collapsing, air inlet
(vaccum breaking) valves ate used at critical points,

These valves, normally held shut by water pressure, automatically open when this
pressuge is reduced to slightly below atmosphere, permitting large quantities of air to enter
the pipe, thus effectively preventing the formation of any vaccum. Tn addidon to offering
positive protection against extensive damage to large pipelings, by prevention of vacuum,
they also facilitate the initial filling of the line by the expulsion of air wherever the valves are
installed.

Air inlet valves should be insialled ar peaks in the pipeline, both relative to the horizontal
and refative to the hydraulic gradient. Vatious possible hydraulic gradients, including reverse
gradients duting scouring, should be considered. They are siomally fitted in combination
with an air elease valve,
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Often air reense valves are used in conjunction with the
ter the

vent arr accumudations that Y GO at the g.‘_:a{:tﬁ.kfé:
Please refer to 6.17.3 also for more information.

6164 KineTic Arp Varves

in case of ordinary air valve, single orifice (small or large) type, the air or water from the
rsing main is admitted i the ball chamber of the air valve from one side of the ball The
disadvantages vith this type of valve aze that {a) once the ball goes up, it does not come
down even when air accumuldates in the ball chamber wd {b) due to alr rushing in, 1t stirs the
ball makiog it stick to the U“’BP&;?S opening which does not fall down unless the pressure in the
matn drops, The Kinetic air valve, overcomes these deficiencies since the air of water enters
from the bottor side of the ball and the air rushing atound ball excris the pressure and
loosens the contact with the fop opening aod allows ié%, ball to drop down.

- 5165 PRESSURE RELIEE VALVES

These, also called as over-flow towers, are provided in one or more surnruts of the
COnVEyance main to keep the pressure in the lme below grven - vatue by causing water to flow
t0 waste when the pressure builds up beyond the design value, U m..mi?y they are spoing of

weight loaded and are not sufficiently responsive to rapid fluctuations of pressuse to be used
as surge protection devices. The latter are dealr m 6.17.4.

6.46.0 UHECK VALVES

Checl valves, also called non-return valves ot reflux valves, autormatically prevent reversal
of How m s ;“a%g"-z?iﬁm They are particuladdy useful mn pur *fg*sm{f mgins when ‘a‘umﬁ*{%;‘i{ d near
pumping stations  to preve ent backflow, when pumps shut down The closure of the valve
should be such that o will not set up excessive shock conditions within the system The
remedial measures are discussed n 6.17.40 For moe detads of swing check reflux valves,
reference may be made 1o 18 5312 - Pr 1984 & Pt 11-1986.

£.16.6.1 Dual Plate Check Valves

Dyual plate check valves employ two spring loaded plates hinged on a central hinge pin.
When the flow decreases, the plates close by torsion spring action without requiring reverse
flow. As compared to conventional swing check valve which operates on mass movement,
the 1hual piz e check valve ate p - with accurately des ig;‘zfrd ard tested
o suit the varping flow ~“f"rw§%‘"if‘>m. The Dual plate check valves
and arrest the tendency of reversal of flow. Preseatly there is no IS for the Dual ¥
Valves.

Si% iy 8 %"}f‘é ﬂé{ 5
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fate Check

65187 BunceE TANKS

These are provided at the end of the Hne where water hammer » o
of a valve and are discussed i detatt i 6,17,

ated by rapad closing
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65,168 PRESSURE-REDUCING VALVES

These ate used to automatically maintain a reduced pressure within reasonable limits m
the dowsstream side of the pipeline. This type of valve is always in movement and requires
scheduled maintenance on a regular basis. This work is facilitated if the valve is fitted on a
bypass with i&?(;}lﬁtiﬂé&) valves to permit wotk to proceed without taking the main out of
service. If the pressure reducing valve is fitted on the main pipeline, a bypass can be provided
for emergency use E\emcﬂ@ type valves which can be hydraubically controlled or motor
operated with a pressure regulator ase used for large aqueduct mains.

6.16.9 PRESSURE SUSTAINING VALVES

Pressure sustamning valves are similar in design and construction to pressure reducing
valves and are used to maintain auvtomatically the pressure on the upstream stde of the
pipeline.

61610 BALL VALVES OR BALL FLOAT VALVES

Ball valves or ball float valves are used to mamtain 2 constant level in a service reservoir
or elevated tank or standpipe. The equilibtium type of valve is the most effective and it 1s
designed to ensure that the forces on each side of the piston are nearly balanced. For severe
operating condittons, a more expensive needle type of valve will give betier setvice.

In both cases the float follows the water level in the reservoir and permits the valve to
adimut additional water on a falling level and less water on 2 rising level and to dose entirely
when the overflow level is reached. The disadvantage of this system s that the valve may
operate for long penods i a throttled condition, but this can be avoided by arranging for the
float to function in a siall auxiliary cylinder or 2 tank. When the water reaches the top of the
auxitiary tank, the ball will nse fairly quickly from the fully open position to the closed
posttion without shock. The valve will not open again until the water level in the seservoir
reaches the base of the auxlary tank, at which point the water will drain away and the ball
valve will move to the fully open position. With this method the valve is not in a state of
almost contimuous movement and throttling and exosion of the seats are avoided.

63611 AUTOMATIC SHUT-OFF VALVES

These are used on the mams to close automatically when the w}m ity inn the mains
exceeds g predetermined valve in case of accident to the line.

616,12 AUTOMATIC BURST CONTROL

With large steel mains suitably pmte‘:qwd aganst cosrosion and laid properdy, particulady
at chmg&: of direction and the gmtmd 18 not liable to subsidence, the possibility of a major
burst 15 ruled out.

The mnpimt arrangement as explamed i 6.16.14 is to insert an mte:rmp%@r tner mn the
motor circuit so arcanged that the final quarter travel of a sluice valve occurs i slow steps to
the point of closure. The costlier arrangement will be insertion of 2 smaller power operated
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bypass valve alongside the mam valve and provision of automatic control arrangements for
the main valve to close first at a fately rapid rate, followed by the smaller bypass valve at a
much lower speed.

6.16,13 VENTURIMETERS

These are used to measure the flow i lne and are discussed 1 4.3.1.1.

6.16,14 SPACING OF VALVES AND INTERUONNECTIONS

The pipeline should be divided into sections by valves to avoid the necessity of emptying
the whole pipeline in case of repair, each section being provided with an air valve and
scouring faciities. The need for scour should be particulatly borhe i mind when layout of
the pipeline and siting of the valves is finalized, as they cannot always be atranged in the best
posttion due to likely difficulty in disposing of the discharge. They are necessary for scouting
the mains and hence should be in propottion to the size of the main,

It 15 destrable to have valves close together in mote densely built up areas. Hase of access
to the valves 15 also important as the time taken in shutting of a valve in an emergency may
be mostly spent tn reaching it. In gravity mains, automatic valves, self-closing if pipe bussts,
may also be provided for protection to property as well as to prevent excessive wastage of
water.

Where there is more than one pipeline, they should be interconnected at each site of main
valves, so thai only shottest possible length of one pipeline need be put out of commission
at a tirne. The interconnection will entail only negligible loss of head if its area is not less than
two-thirds that of the largest main.

Also, when two or more mains are conmnected in parallel, the scours may be
mtercontiected so that either main can be refilled from the other while the masier valve is
shut. Charging through 4 scour can be done speedily with less nisk than chasging over a
suimmit, the danger of surging from trapped atr being much reduced.

Bypasses around the main valves ate convepient for repulating the flow during the
charging or emaptying of 2 pipeline and may be a part of the main valve itsell, or artanged as 2
connecting between tees on each side of the valve, Bypasses may also be essential in order to
balance up pressuces on each side of the main valve before attempting to open it up.
6.1615 MANHOLES

Access manboles are spaced 300 to 600m apart on large conduits. They are helpful during
construction and serve later on for inspection and repairs. Their most useful positions are at
sumimats, discharges and downstrearn of main valves, They ate less common on cast iron and
asbestos cement lines than on steel and concrete lines,

6.16.35 INSULATION JOINTS

They are used to introduce resistance to the flow of steay electric currents along metallic
pipelines and may help in the control of electrolysis. Modern insulation joints make use of
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rubber gaskets or rings and of rubber covered sections of pipe if they are sufficiently long to
introduce appreciable resistance.

6.16.17 EXPANSION JOINTS

Expansion joints ate not needed if the pipe joints themselves take care of the pipe
movements induced due to temperature changes, which is mostly the case for long buried
pipes without any bend or dip. Steel pipes lad with ngid transverse ;omis particularly in the
open, must either be allowed to expand at definite points or its motion be rigidly restrained
by anchoring the line.

6.16.18 ANCHORAGES

Anchorages are necessaty to resist the tendency of the pipes to pull apart at bends ot
other points of unbalanced pressuse, or when they are laid on steep gradients and the rests-
tance of their joints to longitudinal (shearing) stresses is either exceeded or inadequate. They
are also used to restrain or direct the expansion and contraction of rgidly joined pipes under
the influence of temperature changes. The unbalanced static pressure at ends computed by
the expression 1/2 7 d° p sin o0/2 with the two component pressures in the direction of each
pipe leg being 1/4 nd® o p (where d = dia of pipe, o = degree of bend and p the water
pressure in the pipeline) is compared with the magnitude of the resistance of the pipe joint
(which is 14.06 Kg/em® for lead joint) and anchorages are designed to resist the balance
force. Hosizontal thrust F at Bend = 2 A R sin «/2, where P = internal pressure in Kg/em®,
A area of pipe in sq cms, and ¢ 15 angle of deviation of pipe in degrees.

Anchorages take many forms. For bends, both horizontal and vertical they may be
designed as concrete buttresses or 'Kick blocks' that resist the unbalanced pressure by their
weight, in much the same rnanner as a gmvtf;y dam resists the pressure of the water that it
impounds. The resistance offered by the ptpc joints themselves, by the friction of the pipe
exterior and by the bearing value of the soil in which the block is buried may be taken mto
consideration if the cost of the block s to be a minimum. Steel straps attached to heavy
boulders or to bedrock are used in place of buttresses where it is possible and convenient to
do so.

The unbalanced thrust may be counteracted by longitudinal tension in an all-welded
pipeline, or by a concrete thrust block bearing agamst the foundation material. In the case of
a jointed pipeline the size of the block may be calculated using soill mechanics theory. In
addition to frictional resistance on the bottom of the thrust block and the circumference of
the pipeline, there is a lateral resistance against the outer face of the pipe and block. The
maxitnum tesisting pressure a soil mass will offer is termed the passive resistance and 1s given

by
o= v h [}iju‘*wﬁ} + :«z{,‘ﬁiﬁﬁ (6.17)

]~siné sin £
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The lateral tesistance of soil against the thrust block

_ B {lising r [Thsing
Fp =y, 2 LSO ey, LSRG 6.18
P =T {stin&] Y1-sing (6.18)

This maximum possible resistance will only be developed 1F the thrust block is able to
move into the sod mass slightly. The comesponding maximurn soil pressure & termed the
passive pressure. The mintmium pressure which may occur on the thrust block s the active
pressure, which may develop if the thrust block were free to yield away from the soil mass.

Pe-sin B, f —sm & AT
ey " h P I ﬁ*{j‘ [T — {éa} )}
% Vs [i + §in 9} ¢ HE RN

Fo b, =  Lateral resistance of soil against the thrust block m tons,

£ = Lateral resistance of soil against the projection of pipe n tons/m’,
¥, = soil density in T/ 1,

b= depthmm,

B = angle of friction in degrees,

= cohesion of soil in N/m”,

(C = 0 for gravel and sand, 0.007 for sit, 0.035 for dense clay, and 0.15
tor soft saturated clay),

H = height of thrust block in m,
L= the length of thyust block m m,

The active pressure is considerably less than the passwe pressure and will only be
developed if the force on which it is acting 18 free to move away from the soil exerting the
pressure.

A thrust block should be designed so that the line of action of the resultant of the
resisting forces coincides with the line of thrust of the pipe. This will prevent overturning or
unbalanced stresses. This may best be done graphically or by taking moments about the
centre of the pipe. Anchor blocks for expansion joints can also be designed on the basis of

»-1.8.5330-1984.

Thrust blocks are needed not only at changes i vertical or horizontal aligoment of the
pipeline, but also, at fittings that may not be able to transmit longrudinal forces such as
flexible couplings.

When laying a pipe parallel to an existing pipe, the trench excavation for a bend would
deprive the existing pipe of the needed support. The siaplest solution 1s to stop the Hlow m
the onginal pipe while the work i3 carnied out and a new thrust block 15 constructed, but
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where this is not possible, one alternative is 1o anchor the theust block of the onginal pipe to an
anchor block of concrete by means of steel bars, Another method 5 1o pmviée additonal
%%Ej§§§ii<'}i“$fi by piling on the ouside of the bend before excavation commences. 1t 15 advisable t©
avoid sharp bends above 45 and in soft ground it is better not to pur two bends together but to
separate them by atleast 5 length of straight pipe. Cast iron pipes and futings can be cast with
lugs through which te rods are passed when it 48 desiced fo prevent movement of the pipe.
’“E'f*ﬁ” ere steel pi‘pm with welded joints are used, full anchorage is not generally necessary, simce the

ongitudinal contnuity of the pipe is capable of distributing the forces mto the ground. If the
pressures are high {.ﬁﬁi}{\:&?PE to mernt it and sleeve jomts are i‘;»@mg used, the jomts on the bends
ared on two pipes either side of them should be fully welded inside and outside and the trench

eefilled with concrete to 150num above these pipes and bends. About half the thrust will be
tken by the weight of the concrete and the remsinder by the longitadinal stress in the pipes. In

a":n::f;%m“ ter vestrain the motion of steel pipes or foree it 1o mke place at expansion jomts that have
been inserted for that puspose, the pipe may be anchored in much the same way as desceibed for
bends. e attention must be paid to the boundmg of the pipe to the anchors. Pipes faad on
m““p melines should be anchored by tmansversed blocks or other precautions fzken o prevent
shippage and measures o overcome unbalanced pressures provided.

In the absence of expansion jomts, steel pipes must be anchored at each sde of gates and
meters in order to prevent their destruction. Where gate chambers are used, they ma.y be so
wned, of steel and concrete, that they hold the two ends of the steel hine ngdly m place. In
FHEG,
the abse

:
[l
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e of anchors, ﬂm"&él,%ﬁd gates are sornetimes bolted on one side and tl he other side to a

Gt LN 1Y -:.:{I?“ rhat 18 ﬁlxliiﬂﬁuféﬁd oy the jgff-@g?s-a? ?:‘:«y means of & sleeve o XA Grort O See -i‘ig‘«m‘i
6.1 for by i-v.iv-&?&.i Thruss Block and Appendix 6.6 for 2 worked out exampile.
&17 WATER HAMMER
6171 QCCURENCE

H the velooity of warer flowing o 2 ptpﬁf 15 suddenly duninushed, the eneqggy gven up by the
water witl be s owalls and
sistance to wave propagation. This pressure mise or water hammer 15 manifest as a

divided between cosapressing the water tself, siretching the

¥y

trictional o

secies of shocks, sounding hke hammer blows, which may have sufficient smugnitude to raptuse

g.f’i’:&f; 235"‘}&‘. OF Céé%,f“ﬁ&?i,@? CnEecte § é\xi‘impiﬂf‘ﬂf

It may be caused by the nearly instantancous or oo sapad closing of a valve w the line, or by

an equivalent stoppage of flow such as would ke Ice with the sudden fadure of electnaty
sup :z;iv to o motor driven purap. The shock pressure s not concentrated to the valve and «f
rupture occurs, it may take place near the alve sumply becaunse 1t acts there fust The
pressure wave due to water hammer travels back upsiream to the wlet end of the pipe, where it
reverses and surges back and forth %;hu rugh i”m pipe, getting weaker on each sucvesstve reversal,

: velocity of the wave s that of acouste wave i an elastic medium, the elastcity of the
dmm in Lhr\ case being a mmgwfmm EBetween that of the hquid and the Em;x& The excess
ure dim to water Emmww s Ag‘%wﬁ ’e t:h* itﬁfﬂ"&d; }"i‘fdf‘a\‘%mm‘ nre e and

i z}zy ﬁm* and
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FIGURE 6.1 : THRUST AT A BEND & THRUST BLOCK
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£.17.2 COMPUTATIONS

Maximum water hamnmer pressure (which o

time less than T) is given by the expression,

C Vo

8

Plmax =

ceur at the critical time of dosure ‘1, or any

(6.20)

H = madmom prssae e i the dosed condhuit above the nomna pressure @ m, |

Where,
C =
g —
v, =
Where,
C, =
o=

Table 6.7 gives values of F that may be adopted for different materals:
TABLE 6.7 : VALUES OF E FOR DIFFERENT MATERIALS

velocity of pressure wave travel wmm/s,
- F . i PR
acceleration due to gravify in m/s”

normal velocity in the pipeling, before sudden closure in m/'s

1425

bulk modulus of water (2.07 x 107 kg/m%)

dizmeter of pipe in m,

wall thickness of pipe in m and

modulus of elasticity of pipe material in kg/ m’

Material

E (Kg/m’)

Polyethylene — soft
Polyethylenc - hard
PVC

Concrete

Asbestos Cement
Reinforced Cement Concrete
Prestressed Concrete
Cast Tron

Ductile Iron
Wrought Iron

Steel

1.2 x10/
9 %10’
3 %0

2.8 x10”
3 x10”

3.1 x10°

3.5 x10°

7.5 x1¢°

1.7 x10"°

1.8 x10"

2.1 x10%

(6.21)
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If the z‘ag‘év%ﬁ? time of dosure T 15 greater than the crttical time T, | the actual we

met 15 reduced approxanately w proportion to T/T,

Water harnmer wave wlw ity iy be as high £ m/ s for :; mz;u pipe or as low as B50

m/s for a steel pipe and pes may be as low s

f,37.8 CoNTRE

g g“?ia“a SULE OF

ot

BLED

iy allowances 1‘37..&;;&..%&4

I = surn of the mannum o 'f";ézé.i.z‘m sEatie

suse whichever is hugher and pxreed

tees the internal design pressure,

o allowanes

By IF the sum exceeds 11 tmes the mter
should be mstated and

{(c) In no case the sum of the maximun o
pressure should exceed the field hydrostatic test pressure,

o~

':.%1"’@;:@ upon the Eﬁ}fm.zf; of the g}?ﬁ,@"ﬂ:y the profile and the length of the pipeling, surging
% 1s
1%

menially di ‘fmmzi ways {1} by ch &%m;x the
vo itself by means of Hywheels (which lengthen

i

tormation wﬁ‘ iiw @:*13;“{% ?‘{:eim z*d DIESSULD Wi
swing down time of the pump) and air vessels (\wmdi continues to feed w
pipeline un i the reflected Pressute wave ag Al 10 5 the pump i) and {M by reutralizs
»nvi?mm% wave from the reservoir by installing w;,wmmi devices in the pipelines, some <
ave automatically conteolled Li*amjh closing wﬂﬂfs@.% automatically conirolled bypasses and
pressure relief valves. To obtain greatest effectiveness, the relief valve or other form of
suppressor should be located as a}um as possible to the source of disturbance.

v i the

e

Stce the maxumom wab
flow i mps and the time of closure of g
water hammer 15 held within bounds 1 small iﬁpmazﬁw by v:;ymm.{w thews at moderate
of 1 to 2 mps. In larger mains, the pressure is held down by changing velocities at

v hammer pressure i metres s about 125 tmes the veloaty of

e valves vases wversely with the size of the ny

" M{:m} y slow rate so that the relef i?”}ii‘&‘“éif eeturas to position of control before ex
”g‘EﬂI%i?'Sﬁiﬁ"ﬁ"" we veached. TF this 15 not prachcable, prassiee retief or surge valves are used. For
mams larger fhm 1.75my, which operate sconomucally at relatively hign velocites of 2 10 3
mps and cannot be designed to withstand water harrmer without prohibitive cost, the energy
is dissipated slowly by employing surpe tanks. In its siraplest form, 2 surge tank 15 2 standpipe

53

e ut the end of the line next to the point of velocity control. 1f this mmw o 15 & gate, the
tank accepts water and butlds up backpressure when veloo AL :

i}iﬂ“@i*ﬁw”i{\i When the demand on the line increases, the surge tank affords an imenedd




supply of water and, in so doing, generates the excess hydeavlic gradient needed to accelesate
the flow through the conduit following a change mn the disc in«w@u eate. The water level m 2

surge tank oscdlates stowly til the excess energy 15 dissipared by hydraulic fuction throt
the system.

e

6.17.2.1 Causes OF Water Hammer And Remedial Measures

The three
rapicd closure of valves (2) sudden shut off or unexpected failure of power su
centrifugal pumps and (3) pulsation problems due to hydeaulic vams andd LoCIpTOCAtng
prTIpS.

6.17.3.2 Rapid Closure Of Valves

cotnon canses of water hammer encountered in water supply systems azer {1)
pply o

Crate valves zie to be prefereed to stop valves, The valve closute p
down o take Ewﬁ;«"”?“ than the cotical time of closure, The fist 80% of
executed as Cui as convendent, but the last 20% (which iz effective
gig.r:fp'fihdﬁ’&"ﬁél*{aj? 80% of the flow) should be done as deliberately as ;ﬁ’;@\
tends to minimize water hammer but is expedient owing to the gt 16 : ‘
offered as shut-off is approached. Where power driven operats are used, s%sw?&\r
precautions should be taken. For geared gate valves, closure ma s consideraity
slower in the initial period than in the case of valves without gears; the mechandcal advaniage
avallable is of great assistance in effecting the last 20% of closure, particulatly with large gate
valves at hzggh rates of fow. Similar measures have to be adopted for prevention of rapid
{)g’}mun‘gﬁ of valves. By passes are help in closing or opening of large valves and should be

closed lase. Care should also be taken to avoid setting up excessive water hamimer wm}ezg‘%&
too repid operation of fire hydrarnts.

6.17.2.3 Remedial Measures For Sudden Shat OfFf OF Pamps

&\E "

When the powert supply to centrifugal purnp is suddenly shut off for some reason ov fails

mmpammﬁy severe water hammer may be set up in either the mutnag"& discharge or suction
piping or both, upa*mim upon the layout due to the momentum of the column of water
flowing through the pipe which tries to continue towards its destmation even after the power

léﬁf&ifﬂ%}th}ﬂ.. .

{a} Shut- off Effects on Discharge Line

‘zmmadnm@ after intesruption, the tmpeller slows down and the column of water coasts along
the discharge pipe away from the pump with an ensuing drop in pressure at the pump. The column
then slows down and reverses its direction of flow 50 as to come back towards the point of low
pressure at the pump. If thete is a check valve at the pump, oo continued reversal of flow is possible
aned a back pressure builds up against the check valve which, i general, will be about equal to the
preceding drop below normal. The shock pressure may reach twice the nowmal head # there has
been no breaking of the water column or, if the column bas broken, the pressure may rise to 4 much
higher value than twice the normal head. Increased flywheel capacity of 2 pump will, in cases of
power faillure, maintain pumping action 1o an extent sufficient to prevent excessive fall of pmmm‘m

faaN
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In some cases 2 surge rebef 15 called for, at or near the outlet end of the hine. Depending on
the size of the line ana the pressures wvolved, this may be an air chamber, a relief valve, or an
open overflow wiach lets the oncoming water spill out of the pipeline above some
pre-determmed elevanon. faimwug}a provision for surge at the outlet end of the hne wil not
necessanily prevent ali reversal of flow, 1t does tead vo cushion ghock there and at the same tme
decreases the magnitude of the seveesal that is thrown back toward the pusmp.

Two devices can be ;mmg‘sm for cushionmg shook m the discharge hine at o puimnp. The Girst
concerns the check or other fonm of non-return valve at the pump. The ocdinary swing-check
valve tends 1o salm shut on reversal of How, thus causing unnecessarily severe shock pressure.
This wouble can be reduced by using 2 oon-slam Blling-dise check-valve, or some form of
power opeated valve which is controlled by a relay actuared from the power cucut or discharge
pressure at the pump.  lmmedintely on power iterruption, the relay acts 1o start closing the
valve whose opetating mechanism can be tuned 1o complete closure before reversa! of flow can
tuke place. In some cases » spring closing device can be used successfully on a swing-check valve
o ensure having the tap close before back suige can start.

Although the aforesaud devices obwiate the slumming to be expected with an ordinary swing
check, they cannot prevent a considerable tse in pressute when reveral of flow is stopped at the
closed valve. Hence, o sound device in the narure of 2 supplement 15 required which may take
the form of an ar chember or a relief valve of ample size. Air chambers sometimes perform
more effectively when damped with onifices or check-valves in the connecting pipe.

The necessity of replenishing the atr o wir chambers should be recognized in considering
their use as water hammer SUDPILESSOLS. I some cases, restnictng the passages between the
pipeline and the air chambers increases the effectiveness of a given size of air chamber,
Suppressors as 4 geneml rude, do not ehminate shock entively but widl reduce it by 10% to 40%,
which often i3 sufficient to remove the clanking sound.

A pressure wvessel with aw cushion can serve as an automatic water accumulator. The
effective volume that can be tken from the vessel depends on the switching on and
switching-otf pressures, Owing to the fact that water absorbs some of the mmpwsbad atr that
forms the atrcushion, fresh air has 10 be mteoduced mto the vessel from time to tme. This can
be done by means of a small compressor or, in the case of small units, a self-priming pump
which is capable of dealing with water and air, the latter entering through a small adjustable
mtake i the pump suciion braach

The effectve capacity of a pressure reservorr necessary for an automatic pumping plant is
governed by the permssible switching frequency of the electric equipment and by the pump
capactty. As a rule, the pump capacity must be such as to cover, by itself, the highest
conswmpton expected.

Pumps with steep head/flow characterisiie often induce high starting pressures when the
power 13 switched on. This i because the flow s small (or zero) when the pump is switched on,
50 a wave with a head equal to the closed valve head 15 generated.

By partly closing the pump delivery valves duning starting, the starting pressures can be
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