Distribution System

INTRODUCTION

Aller proper trealment, the waler is made safe and polable and is lo be supplied throughout the district

{area) to be served, The funclion of carrying water from the lreaiment plant 10 the individual units such as
individual house; induslrial unils, public places and institutions is completed successfully through a wall-planned
natwork of distribution system, Hence, dislribulion syslem consists of pumps, mains, distribulion or service
reservoirs, sub-mains, branches, laterals, valves, melers, hydrants and services, '

Pumps are used for lifling and forcing waler into the dislribulion pipes. Malns, sub mains, branches,

lalerals and pipes of dilferent seclions and sizas which carry waler as per requiremenis. Valves conlrol tiow of
waler Ihrough pipes. distribulion or se rvice reservairs collect and distributes waler as per requirements, hydranis
pravide large quanlity of waler at the lime of fire in the locality.
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Methods of Distribution

Waler is lorced in the distribulion syslem in the following ways
(i) Gravilational system {ii) Direct pumping

Gravitational System

(it} Combined system

* The method of water distribulion is cheapest by gravitational syslem.

»  In lhis method, waler from high level source is disiributed at lower levels by simple action of gravily
wilhout pumping.

« This system works well where lakes are available al lop el a hlll.

Direct Pumping ' )

¢ Inihis, the realed waler instead of pumping to the service or distribution reservoir, is direcily pumped
to he dislribution mains

Since, supply is dane direcliy lo the distdibution mains and Services, high lift pumps are required lo
overcome the lriction losses al different stages and Lo have some residual head at dislribution peints
so (hat water may rise al higher slorey of building

Since, water dernand vary, pumps are required to be run at variable speed o meet water cequirement
at dillerent time periods

Due to variable speed, the pumps do nol work at iheir maximum elliciency: hence the system is nol
so economical
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Combined System s compined
I i ity system is .
I this system of water supply pumping and gravi : d ‘ .
« Ininis system, the lreated water Is pumped anq s%grefi inan glevated dtstri!auhond resemirav“y rortan
and from the distribution 1ank, ilis fed to the distribution system by the acuion .g vity. o
« Pump works at constant and convenienm schedule and the pressure can be maintained unilormiy
during the supply.

Systems of Supply
There are two sysleih pl supply of water o
) Contlnuo ys supply 7 Intermillent supply

!l
Continuous Supwy . ‘ o e consumers
» In continuous supply, water is suppfied conlinucusly 10 3
¢ Therate of supply inthe conlinuous sysiem can be kept lowand pressure mayalsk? beﬂl?:. -
» Lower supply rale requires comparatively lesser size of dlsl.n'bu?io{l pipe, making SyS
economical.

Intermittent supply

s Inthis syslem,‘ water s supplied mostly at peak hours. . o

« In this system, pump of very high cepacily may not be required and wilh the heip ol distribution
reservair, the sysism may be more eftective.

Layouts of Distribution System ’ ‘

«  The distribution pipe sysiem may consist of main, sub mains, branches, {alerals and linally service
connections ) ) .

«  Pipes, excepl ine sefvice connections, are usually mgds of cast xon.wuh some népe of coaling
avoid, rusling wheraas fof service cannections galvanised cas; irc;n TW:] ax:a t;;s;'tciing opon foca

istributian pi asily lai bad below the foolpath.

« The distribution pipe are mosily laid along tha ea ] C . :
conditions and orisntation of roads, any of the fqaowmg pattern of layouls is adopled singly or‘m
combinalions. i ) .

() Deadend oriree syslem ({;} Gnd'sys(em of reticular syslem

{iil) Ring or circular system (iv) / Radial System

L

Dead End System L.@.J @ R
« This syslem is also known as tree == *—-—1._. ® M. mﬂgm

system. _ _ ‘@ \ @ Zvl?m“""
+ In Inis system, one main pipe from

which a number ol submains
hilurcate and from each sutmains
several branched pipes separate oul — -
whichare known as laterals. (Fig. 5.1)
« ' From lalerals, house connectons are
given ta diflerent houses.
e Such lype of distribulion sysiem is
{ollowed for ckd towns whare the
houses come up ina very unplanned
't way.
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Fig.5.1 DeadEnd Sysiem
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* This system is easy 1o design and it is cheap and simple

* It has got draw backs that waler can reach at a particular point only through one roule, henca, if
some faultcreep in, waler supply gel disturbedin thal area because waler conveyancs is unidireclional

only. :

* There are many dead ends which prevent
fres circulation of water.

* In this system, stagnanl water has o be
femoved periodically by providing scour
valves at dead ends and this resulls in
wastage of ireated water.

Grid System

*  Thissystemis also called as raticular sysiem

¢ Inthis system, ane main pipe runs through
centra and branches andlaterals runin grid
paltern which are interconnecled as shown
infigure5.2. . :

* Since the mains, branches and laterals are
intarcannected hence dead ends are
eliminated and water reaches at dilferant
Iocalions through mére than one roule,

i

Supply

—
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=

* Atthetime of fire, waler can be diverted to -+ -
the affected area by closing culol! valves or siuice
valves of other areas.

* Since, the pipe lines gel water from different
directions, design is a bit difficull. size of pipes are
larger and more number of sluice vatves are required.

=" This system is mostly suiled for a well planned ity
where roads and strests are provided in plannad
reclangulars and square grid patterns.

= The syslemis also known as interlaced system.

* Thissyslemhas disadvantage that it requires more
length of pipe lines and targe number of sluice valve
{i.e. cutofl valves).

= Thedesign is difficult and costlier.

Ring System
¢ This system s also called as circular sysiem
* The syslem consis!s of & main pipe all aroung the

©; area(Fig.5.3)

Radial System

* Incadial system, a vety big arca s divided in several
zone and at the centre of each zone a distribution
reservoir is kepl.
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Fig.5.3 RingSystem

« This melhod gives higher service head and efflicient waler distribution. (Fig. 54)
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Fig.5.4 Radial System
Match Llst-1 (Distribulion syslem) with List-Il (Chatacteristics) and selact the
corract answer using the codes given befow the Usls:
List-1 ’ ’
A.  Tree system -
B. Gridiron or retlculalion syslem
C.  Clrcular system
D. Aadlal sysiem
List-ll
1.  Main lines are laid along the periphery covering the entirjs area. ‘
2. Calculations are simple and accurate flow determinatlon is also possible at any line.
3. Larga number of cutelf valva and lenger pipe lengths are required.
4.  Flow from centre to parlphery
Codes:
A B C' D§ A 8 c D
(a 2 3 1 4 ) 2 3 4 1
&y 3 2 1 4 (d) 3 2 q 1
Ans. (a)

5.4

Guidelines For Design of a Distribution System
Tha mains of disiribulion syslem can be divided inlo three parts having funcltor)! as below.
{#  The lrunkmains (i) The principal feeder mains

(i) The networks of small mains feeding services or consumer's supply pipes.
The trunk mains: They are large diameter pipes laking water from source lo dislribulion reservairs and
{rom distribution reservoirs 1o the leeder main.



The princlpal feedear malins: They vary in di i ‘
: ry in diameler according | ;
Inthe urban areas feeder may be of diameter 225 mm. 9lopopaton and the e o bo served.

Tha network mains: The network main have diameter varying from 100 mm 10 300 mm

5.5 Pressure in the Distribution System
Pressure in the disiribution syslem depends on
(i) Domestic use (i} Fire demand
(i)  Economic consideraticns {iv)
Topogr;
(v} Fulure demand Pograpty

g Mtig; fi:;:::{l:: ;el:vice'sst;e :‘supply pressure depends upon number of $loreys ;Jplo which water is lo be
5€ 0 ster pumps. For residential area a pressure of 0, 2j i
lo be sufficiant, Providing greater pressure in pi i f et I S 1s o dered
b nt pipe than lhe required valve mak i
minimum 're5|dual pressure should be provided al the ferrule poinls e he systam cosly. Folowing
Single storey buildings :'_7 m ‘ap’ove ground level T ’
Two storey buildings : 12 m above ground leve! : - -
Three slorey buildings : 17 mabove ground leval - ey
Tne dislribution system is nat designad for resi Lssure ore fhan 22
o ) sidual pressu igh
buildings booster pumps should be provided, + - -~ - _p - 1o more hen 22 m. ence, fo igh ree

5.6 Detection of Leakage in Distribution S}x-ﬁfem .
;?e fol;)y\\:lrilri ;r:ilg::rsv m:gbeused for delecting the leakage of water from the under ground water mains
y : allons (i)  Byusing sounding rad .
{iy By plotting hydraulic gradient line ' {iv) By uéing waste.dgleciing' melers

5.6.1 By UsingSounding Rods
* By using sounding rod method, a sharp pointed i i
. 3 melal rod is 1h i
line and pulled up for inspection. TSt e giadre aong he e
Its moist or muddly poinl will preliminarily indicate the presence of leakage
The sound of the escaping water can also be heard by placing he earonthe top ol the inserted rod

Such szunds produced by leaks can also be magnified by a ststhoscope type instrument called an
aquaphone or a sonoscope; so as 1o [acilitate beller hearing of sounds

5.62 By Plotting the Hydraulic Gradient Line

* Insuch type of malhod, the pressure al vatious poi
! N $ poinis along a suspec ipeli
and Ihe hydraulic gradient line is plotted. ' ? P . e pipe Ine sre mesaured

. The appearance of any kink or ¢ 1@nge in the s ope of i} ‘Iy(flau] cg ﬂ.(ile” ne will H(fl(:a/ T
the
I Lii i e the

5.63 By Using Waste Detection Meters

Aclually the name given of these melers is "misleading” because lhese meters do not measure the

wasted waler, but only measure high llow i
aler. passing through a waler mai i i
consumption such as during night. : e g the pariod of low

Th 'S i i
e Deacon’s waste waler detection melers are widely used as they are quite sensilive and accurale

Match List- wilh List-}l ang select the camect answer using the codes given

below the lists:

List-l

Tost with sound wavss in the sudible frequency range

Flre flow tests

Hydraulic gradient tests

Goefficient tesis

List-ll

1. To dsterming tha ability of a dislribution system to transmit watsr with adequale residual
pressurs, ' .

2, Location dgd.igglation of leaks.

3. To determind8he efilciency and adequacy of & distribution system during days of high

cow>

demand.
4. Todelerming [ha_lntarnal candition of pipeling with raspect to Iriction loss.
Codes: Lo e ce et

A B C..D:... N A-B C D
(@ 2 1 354 oy .2 3 1 .4
© 1 1 a, 'z . @@ 4 3 1 2
Ans. () A ’ . g o .

5.7 Analysis of Network of Pipes o
Analysis of pipe netwarkjnq}ﬁdes delermination of quantities of flowand head loss in various pipelines
and resulting residual waterfiead. .. L . .
The Hazen-Williams formila is moslly used for computation of flow Ihrough pipes and following Wwo
methods are used for analysis. :

()  Equivalent pips method
57.1 Equivalent Pipe Method ~

»  In eguivalent pipe method, dilfarent small loops.-are replaced by an imaginary single equivatent

pipes having sams discharge capacity and causing same head loss.

«  The equivalent pipé method is used in sotving large network of pipes.

5.7.2 Hardy Cross Methed .

In Hardy Cross method of analysis, a distribution of fiow in the network is assumed and resulting head
losses are balanced. Formula of the pipsficw are used {o avaluate losses and successive conneclions are made
in the flow untif the network is hydraulically halanced. In pipe natwork, loffowing twoconditionsare tobe satisfied -
(i) The algabraic sum of the pressure drops around a clesed loap must be equal tozero. i.e. Ineachioopioss of
Thead due to llow in clockwise direction must be equal loJoss of head due lo {iow in anticlockwise direction.

{ii) The flow enlering a junctionymus! be equal Io the tlow igaving ihe same junction.

Here, loss ol head is by =

Steps

« Assume liow in each pipe salisfying continuity equation.

«  Take clockvise flow as posiiive, anticlockwise fiow as negalive,

a5 0" Y §,
« Modification in discharge A0 = é: ;,E:OH ] - n}%h:iéi
. 3

") Hardycrossmethod

H

» aQisadded algebraically



.* Thediectionol , is same as discharge
- Clockwise discharge is taken as +ve h,
Anticlackwise discharge is lakan as - ve h,

Evaluata the distribution of flow In the plpe
network o= ehawa In figure, As the plps are rough tha flow may be
assumed lo bs furbulent and head lows /7, may bs taken k(. The
valus of k for sach pipe Is shown In the tigure. Take n = &,

Solution:
Assume liow in each pipe and satisty continuily equation.
8,50

Loop ADBA: -
Pipe ["oomedl e | g Comacted flow
A8 30 2 1800 50 27
8 | %0 3 %00 30 | 27+10.354 = 37364
DA | 80 | 2 | —18m0 6 |33 -
£=500 | £=150
- P 900
B Y = e
nyln /0] 2x150 30
Loop 8COB: ,
Pipe "‘3:‘;,‘“5“ k| neh@ | sa) | comcted fow
A8 50 4| 10000 | 200 3963
a | ® 3 | —2t00 90 | 40364
DA | a0 1| 278 27 | -40.364+3=-07.354
E=6571 | £=317 ‘
6571 o
= Toxaiy - 10384 wa !

m Find the discharge through each plps In the network of pipe shown below:
{Teke n=2)

20 8 r=5 [ 50
=2 ’ r=1 r=1
30
1® A r=4 D
Sehution: Considering Loop ABC
D
20 B 15 50
5 35
70
30
100 A 30 [+
8
Ppo| 20
| 2x70°[2x2070 22-35-13

e | 1xas’|2¥1235 70-13267

cA _4130’ 2x4x30
X 7425 590

¢
A _ag-13=-43

a0 T

' 580

Considering Loop BCD
B8 15+5=20 p
80| o 210
2

D] 5»15 [2x5x1S =

- ‘ pc|-1w35 |1%2235 s

CD|-1%35 | 122x2t -22+5=-17

X -1325 290

-1325) .
= | — =0
© ( 2%0 J




5.8

slop cock, vater taps. bib cocks, spouls, pipe fillings such as bends,. crosses, tees. elbows, unions, caps

100
43 i

and modily till AQ = 0

So, Ihe final discharges are as shown below

17
20 50

21

100— -
. 4?2 ;30

Appurtenances in Plumbing System

The plumbing syslem can ba divided in two types

(i} Waler supply system plumbing

() Sanitary and drainage system plumbing .

Appurtenances used in plumbing system includes Ferrules, goose neck plpe service pipe, waler melers,

plugs, flangs ote.

5.8.1
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583
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Ferrules

* Ferrulesis a right angles sleeve made of non-errous maial moslly ol brass or gun melal.

« ltis joined 1o the opening drilled in ihe water main with the plug. Ates branch connection of the main
is used to connect the service pipe leading 10 domeslic conneclion,

* Its size generally various betwaeen 10 10 50 mm diameler,

Goose Neck

= (oose neckis a small curved lexible pipe for making connection between ferruie and service pipe.

* Itis usually of aboul 75 cm length and made up of lead o provida ltexiblkily.

* This flexible pipe is provided to (ake care in the selllement of the service pipe due 10 overburden
load in due course. It provides ease in connegting service gipe wilh the farrule.

Service Pipe
= Thisis a galvanised iran pipe of nominal size (inlernal diameter) less lhan 50 mm

*  Thisis laid below ground level making a lrench. Itsupplneswaler loindividual buildings through the
municipal main.

v This pipe is connecled lo the main through flerrule and goose neck.
Stop Cock

« This is provided before the waler meler {if Ihe waler meler is provided). Otherwise, itis connected at
the end of the service pipe and close (o the boundary wall of the premises in an accessible posilian.

= (tis housed in a small masonry chamber with a removable cover for stopping of opening the waler

supply to lha premises,

+ When water meter is provided then, both the waler meler and stop cock is housed in the same

chamber.

585 Water Meter

5.9

s Waler meler are connected afler ihe stop cock (o measure the quantity of waler supplied fo abuilding.
= Waler meter are ciassified according 1o the method of measuring fiux. Mainly, there are two types of
meters, | " "
i Vel ty orinferential meters
» s of melers measure ihe horizontal velogity of water liowing through them.
* They measure large fiow and are olien used by industies tor measuring farga supply.
* Theyhave an addilional advantage of mea;urkzg waler conlaining suspended particies.
{i} Posilive or Displacement Meters
*  They work by Ihe flow of water causmg a pislon 1o reciprocale wilhin a cylinder ot
communicaling the movement finally to a system of dials, which register the quanlity of
{iow, o
= Such lype of meters ar@ very bulky and heavy, hence, an improvement has been done
and the improved ones are knows as semi-posilive melers.
+ They are widely used for domestic suppligs
The tvio most common type of semi posilive melers are
{a)  Rotary piston meters :
(b} Mulating disc meters

In selecting a type of metler for a particular use, Iuhowmg pu:ms should be considered.
(a) Quantily of llow to be measured

(b}  Nalure of llow (whether continuous or mlermﬁ'e'xt)

(¢} Permissible head loss {should not be more than 3m)

{d) Cost (the inferential melers being less costlier) =

Water Supply System Plumbing
v Waler supply sysiem plumbing includes provision of gzpes and filling including storage tanks inthe
premisgs,
*  Thefirst job for design of waler supply plumbing syslem is 1o fix the position of difierent fitting in the
plan of the building.
+ Secondly, water requirement has lo be fixed which gives an idea of diameter of pipe lobe provided,
= And finally, aller getling total discharge, diameter of service pipe i delermined.
» For conveyance ari distribution of water within U}e premises iollowing poinis shauld be kept in
mind. /*?
{i}  Indesigningand ptanmng the layoul of the pipe work, proper consideration should be given
lothe maximum rale of discharge, cconomy requed in labour and malerial, protection against
discharge and corrosion, H
{i} To reduce friction losses. inside ol piping should be as smooth as possibie. Methods of
' Joining shall be such as i avoid internal roughness and projection at the joints.
i) Change indiameter and direction should be gradual.
{iv) Al pipe work should be so designed, laid and lixed as o be completely waler tight,



{v} Wherethe service pipeis of less then 50 mm diameter, the stop valves shall be of the screw- i 5,11 Jointing

' down type and shall have logse washer plales lo act as non relurn valves. Other stop valves [
‘ in the service fine may be of thé gale lype.

{vi} The number of joints in the semvice pipe should ba kept 1o a minimum.

The concrele pipe lengths, llowing under gravity, can be easlly joined wilh a mortar caulked bell and
spigol joint, such as shown in given figure. For such gravily {lows. This pipe has been developed in sizes of
I S ) " 0.6 m, lo 1.8 min diameter. A special pipe laying machine with a slip form is used. This No-joinl pipe, though nat
(i) Bh;’m?‘ lt:e[pépe:ze;’:? chargesi Z'e‘ w;te;s aﬂom;e’d to :iow, car? slhoulgd bedlakedn u:>"ensu;re’ reinforced, is yel found 1o have a good life, For high pressure pipes, a lock joint such a shown in the figure may

! Nla |:p ni;hm'amg:::: th:za Y d r::" :21 tree mTef:: cles 'san and sofl, mela ! be needed. For heads above 30 mor s0, welded steel cylinder is oflen cast in the pipe for aller tighiness. The
chips etc.. W 0 © an y help o accelgrale corrosion. ‘ R.C.C pipe lengths are joined by placing the protruding end bars of ditferent length bulling against ane anolber

5. 1 0 Service Connection l and walding them, and finally filling the gap with rich cemant concrele, o as lo provide a walertight joint.
The service pipe connection from a main lo a properly is usually laid down as shown in figura 5.5. ' . ‘
\ Streol / c00d Oomasbe
W Am-l ’ waler
A\ / meler
Forule connection . — -
1 Aboul 75 am J Walar
— 3 — su?pty
)-/ R o
Wipod E\um.-d Servica Sop S butding
' foint Goosoneck plpa pipa cock 2
Boundary
Municipad stroat vl of
! walex main housa
{Section)
Goosa-nock pipo R
i {usunlly of lead) g/ Z{
! J %
- >
Sonvica Stop ;}V Y Waler
pipe cock % /:? molec
' S

Flg. 5.5 Service Connection ‘ |

s Thefenuleis inserled in (0 the main by means of a under pressure tapping machines. '

» Conneclionwith {errufa tothe service pipe is made through a flexible malerial pipe known as goose ‘ Annlar spaco fllod
neck ol about 75 cmin length. . with cament mortar
Service pipe is usually of galvanised iron pipe of size less than 50 mnlwkiller ) ' : Juta
One stop cock is provided belore the water enters the water meler in the*home (il water melar i S\l
provided]. Olherwise, the slop cock is provided just before the pipe enters thie hause. I :

« Themeter beyond the stop cock is filled with unions lofacilitale necessary periodic changing of the
meters.

« Maters lilted in an exposed position outside bullding are in housed in water meter box conlorming lo !

LS. 2104- %IH/H’IINHH/I
e R - - - ' Spigat end
Sewice connection consists of Gemenl mortar

(e) lerule, stopcock and goosensck {b) lerrule, check valve and goosaneck . ' Fig-5.7
{c) stopcock, meter angd sluice valve {d} sluice valve, check valve and meter

Ans. {a) ‘ i

camasabewen=
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Mortor plocod Steol Rubber

Clreumierentinl
' mhiammc{\l oftor Instaltation Fd!ﬂng gc;koi

7 \
Sieal spigol ring Mortar placed 1
aflsr installation

Flg.5.8

5.12 Sewer Materials

Vilritied clay (or stone ware}, cament concrele, asbeslos cement and cast iron are lhe most common

materials used lor consiruclion sewer pipes. While selecling a perticular matertal Tor conslruction sewer pipes,
lhe imporiant faclors which must be considered are: )

{I) Rasislance to cdrquian: The sever pipes are likely lobe acled upon by sever gases, and thus
get corroded, due to ihe presence of acids and other impurilies in sewage.

{I) Rasistance to abrasion: When Ihe sewage conlains & lot of grit and sand particles, moving at a
high velocity al Iha sewar invert, alog of wear and tear of the sewer méterial may be caused due o
abrasion. To avm'd_this erosion or wear and lear of lha sewer pipes, the sewer malerial must be
strong enough, so as to withstangd such possible abrasions.

(i} Strangth and durabllity: The sewer pipes should be sliong anoughto withstand all the forces that
are likely to come on them. Since lhey are 1aid well below the ground level, they are subjecled lo
considerable external loads.

(iv) Lighl walght: The malerial used for sewers should be light, so thal the sewers can be easily
handled and Iransported.

(v) Impervicusness: The sewer malerial should be impervicus s nol to aliow any seepage of the
sewage from the sewer. .

{vi) The economy and cosl: The sewer maierial must be cheaper and less cosliy as la cause overall
economy in their construciion,

(vil) Hydraulically etiicient: The sewer malerial should be siich as lo provide a smooth inlerior surface
{wilh Manning's N as low as possible) so as 1o provige an hydraulically eflicient surface.

Besides cement concrete, asbeslos cement and vitrilied clay which are the commonly used malerials,

olher materials which may also be used for sewer construclions are bricks, casl iron and pfastics. The

sewars of difterent possible malerials and their comparalive ulililies are described below:

1. Ashestos cement sewers: Asbestos cement pipes are manutactured from a mixture of asbestos
fibre, silica and cement, converted under pressure to a dense homogeneous malerials, possessing
considerable strength, called asbestos cement. The asbeslos fibre which is Iharoughly mixed wilh
cement serves as reinfarcement, and provides a strong malerial. These pipe aro normally available
in sizes say trom 10 (o 90 cm in diameler and 4 melres in length.

Jolning: These pipas can ba easily
assembled withoul skilled labour, with

{.‘S!mnr“ iing of Asbast

thehelpofa s;?eclal couplinq (f:aued l I —— ]
Ring Tie coupling or Simplex joint} as & -
in Fi Rubber ring of
show_n in figure {a). The assembly roplyeic
consists of a pipe slesve and lvo seclion
rubber rings, which are compressed

belween the pipe and lhe interior of -

tha sleeve. The joinFig as resistant lo Fig.5.9 Simplexjointfor ACpipes

corrosionas the pipeiléell, andis flexible enough as 1o permil as much as 12° defiection, while laying the

pipes sround cu\vwx plan).

The advantages of AC pipes are:

(i)  Theyare lightin weight and hence easy to (ransport.

(i They can be casily cut and assembled withou! skilled tabour.

(i) Theirinterior surfaceis exceptianally smooth {(with Manning’s N = 0.011}, thus providing an excellent
hydrautically efficient sewer.

The disadvantages of AC plpe are:

i) They are siructually not strong enough to bear the huge compressiva siresses induced by the
heavy exiernal loads to which the deeply burizd sewers may be subjected 1o

(i) They are susceptible 10 coerosion by sulphuri¢ acid from hydrogen sulphide gas generated in
sanftary waste waler or by seme induslrial chemicals. The sulphide corrosion of asbestos cement
as well as cement concrele pipes is a big problamin areas where the sewage is sirong, stale and
very wanm, because under such conditions the baclgrial aclivity responsible for producing hydrogen
sulphide gas gets accelerated. Hencain all such'cases, vitrified clay{populary called stone warc)
pipes should be used for sewers of less ihan 1 min.diameler, and cemenl concrele pipes with<ast
insitu plastic linings may be used for larger diameler sewers.

2. Plan cement concréle and relnforced cement concrete sewers: Plain cement concrets pipes
are manufaciured in small sizes, whilg they are reinlorced wilh slgel reinforcement (or larger diameler
pipes. RCC pipes are easily available in sizes up lo diameters say 1.8 melres, and may be got
manufaclured for larger diamplers say upto about 4.5 meirs, on special ordars.

Clevlar cage Croularcoge
remnforcoment roinforcemant
noar tho inner near the innor
facoof g0 1300 of pipo

Covor=2.5cm Covr=25an
: / = Cirqular caggo reinforcement
Thickness of plpe - ; g naar tha culer foce of pipa
{7} Singla cago relnforCod pipes 3 Duubilo coga reinforoed pipos
{only matn clreurndorantial ¢ {only maln circumigrentiol

rathforcement shoven) . . tewnforcoment shown)
<



Elliplical caga
reinforcomment

{c}) Elfiptica! eoga reinforced plpos :
fonly moln dreumderential 3
ralnfarcoment showr) ’

Fig.5.10

These pipes may either be prepared at sile by Iransporiing ingredienis (i.e., cement, sleal
aggregates, waler, elc.) of can be manufaciured in faclories, and Ihen transported ta site. Thay are
known as cast in silu plpes in the former case. and precasl pipes in the laller case. Cast insitu
pipes are useful when the site condilions ara difficull and whefe {tmay be dillicult to carry the
pipes. But sinca stch prpes are cast alsite, lasser supsrvision and check is possible as compared
to lhe case of precast pipés which are cast In the factories and thus subjected to greater quality
conlrctand supemslan. )

Reinforcemant concreie {RCC}) pipes arg lhosa congcrela plpes which are providad with circumference
reinforcement lo carry Internat or emmat stresges, and a nominal longitudinal reinforcement equal to
0.25% of the cross-seclicnal area of concrete. The clrcumigrential reinlorcemant is generally pravided in
three different ways, &5 shiown in ligure 5.10 {a), (b} and (c).

The non-pressure RCC pipes are classilied according o 1S 458 : 1388 nla the following three categories:
{i} NP2plpes: Theyare fight duty RCC non-pressure pipes, normally usedfor drainage and irrigation
use, for culverts carrying ligil traffic. The thickness of NP2 pipes very from 25 mm for 8 cm dia.
pipe lo 110 mm [or 2.2 m dia. pipe.

{iiy NP3 pipes: They are medium duty no-pressure pipes, normally used for drainage and irigation
use, for culverts carrying medium teaffic. The thickness of NP3 pipes very from 25 mm for 8 cm dia
pipe io 215 mm{or 2.6 m dia. pipe.

{iii} NP4 pipes: They are heavy duly non-pressura piges, nomnally used for drainaga and irrigation use,
for culverts camying heavy traffic, such as railway loading.

The unreinforced aswell as reinforced concrete pipes shall be capable of wilhslanding a lest pressure of

7 mhead of water, ‘ji

RCC prassure pipes, classified as P1, P2 and P3 pipes. are generally use for carrym g water supplies

under pressure and are usvally not used as sewers which are designed as gu_awly conduits:

ACC pipes can be manufaciured in theee dilferent ways, viz.: !

{a} Pipes having bar and mesh reinfurcement, and concrele pourad by usual ordinary methods or
concrete pouring and tamped.

(b)  Pipes made by rotaling the mould of the form, rapidly about the pipe axis. The mould conlains
conerele and fabricated reinforcement. The centrifugal Jorce throw of the concrete, which then
spreads in a uniform layer over the internal surface of the mould and embed the reinforcement thus
providing a high density water waterlight concrele surface. This lype is known as centrifugal ype.

(c) The third type of pipes are made by lining thin cylindrical sleel shells, bothinlernally and exiornally,
with rich cement concrete, Thesa are slronger and more watertight Lhan the first iwo, They are
known as cylinder lype.

Hume steel pipes are also the RCC pipes patented under lhis name, and consist of {nin steel shells

coaled [rominside with cement mortar by centrifugal process. The thickness of Ihe inside coaling varies

from 12 mm (o 30 mm depending upan the size of the pipe. They are also coaled Irom oulside, so asto
prolect the steel shell fram exlernal weather or sail aclion.

Advanlages of concrele pipes are given below:

{iy Al these different foims ¢f cemenl concrele pipes are quite strong in lension (for withstanding
internal pressures) as well as in compression (for withstanding exiernal loads).

(i) They are quite resislant lo erosion and abrasion.

(i) They can be easily moulded and manulactured either al site or in the factory.

{iv) Theycan be made of any desired sirength by proper design and proportioning of concrele mixes.

(v) Their cast-insilu forms may be easlly used al places where, owing to ground water or running sand
conditions, bri(.‘k sewers or casl al site concrete sewers can nol be used.

{(vi) Theyprove ecanomrcal i mednum and large sizes, and hence, widely adopled lor branch and main
sewers, A

The biggest drawback’ of the concre!e sewars, however. is the (acl 1hat Ihey easily get carreded and

pitted by the action cf.su1phunc acid produced [rom hydrogen sulphide gas (evolved lrom Lhe stale

sewage) of from such _othaj' chemicals present in sewage. This not only reduces the lite span o the

sewers bul also reduces lheir carlyh_mg
N%

capacities with lime. Besides comosion, thay Comant conceei pipa
are also suscaplible to eroslon by sevage
containing loo much sm and grit.
The concrele sewers can be protected trom
such actions by lining their interiors wilh <J7=<

« |~ Projocinons

vitrilied clay linings, as shown in fig. The

Vitrified cloy
lining blocks

bloc!fs ol v,mhed'clay. for lh:§ purp?se, are * Joims fillad wils rich
providad with prajections, which project and comant modar of
. . bliuminous compoumds

enler the cement concrete as shown. The joint
between adjacent blocks are filleg either with
rich cement morlar or with bilumingus  FI9.5.71Cement concrete plpe, linedinsidewith vertified ciay
compounds. fining
Other methods of pm!er':ling concrele sewers lrom hydrogen sulphide corrosion are:

(i)  Prohibiling the enlry of wasles comaining sulphides.

(i) Reducingihe sulphale contanls by pre-trealing the sewage.

(i} Acrating and chlorinaling the sewage.

(iv) By adequalely venlilaling the sewers.

{v) By making lhe sewers lo run full.

(v)) By adding such chemicals 1o sewage as may neulralise the already present sulphur compounds.
In view of its merits and drawbacks, the unlined cement concrele sewers are widely used for carrying
storm water, which is comparatively free from organic impurities respansible for generating hydrogen
sulphide gas. They may, however, be used for branch sewers bringing sewage {ree lrom industrial
vasles. With proteclive linings, they are used for almost all the branch and main sewers.



Jolning: The concrele pipe langlhs, flowing under gravity, can be easily joined with a mortar caulked bell
and spigol joint, such as shown in figure 2,12 {a). For such gravily llow. This pipe has been developed
in size ol 0.6 m 10 1.8 min diameler. A special pipe laying machine wilh a slip forn is used. This No-joint
pipe though nat reinforead, is yel found Lo have a good life. For high pressure pipes. alock joinl such as
shown in figure 5.12 {b) may be needed. For heads above 30 m or so, a welded steel cylinder is often
cast in the pipe for water tightness,

Annutor spooa
Tilled with cemont Ball or Sockot end
mortar [ < Tute
| i
i
7
ond
Seiget Cemenl morlar
(a} Bal and Spigat jolnl
Martar ploced afier nstallaton
Circumferontiat S\ml bell ring
mhlormmnl /, Rubbor gaskot
 onn B
| - E §
roinforcemont  Fr—~o——m=miy 7 g
Sieel spigot ring—/ '— Mortar placed sfor instalagon
b} Janl for concrote pressure plpo
Flg. 5.12

The RCC pipe lenglhs are joinzd by placing the protruding end bars of different lengihs bulting against
one another and welding them, and finally filllng the gap wilh rich cement cancrete, so as to provide a
wateright joinl.

3,  Vitrified clay or stone ware or salt glazed sewsrs: Vilrified clay pipes are widely used for
carrying sewage and drainage, as house connections as well as lateral sewars. They are available
in size ol 5 cmincrements from 1016 30 cm, and in 7.5 cm increments jrom 30 cm 10 80 cm. They
are, however, rarely made in sizes bigger than 90 cm diameler.

These pipes are manufaclured lrom clays and shales of special qualities, which are, first of all, pulverized
and mixed thoroughly wilh waler. This mixture is then used for casting slandard pipe sections in a pipe
press at a pressure ol about 8.5 kgicm?. These moulded pipe, sections are dried in warm air, and lhen
buinl in hot kilns under conlralled temperalures. The temperalures of the kiln is maintained at about
150°C. in Ihe beginning lor several hours, and then raised 1o aboul 700°C, and finally 1o aboul 1200°C,
when fusion or virilicalion of clay takes place. This makes it very dense and hard, Near the end of the
burning period, sodium chloride (i.e., common salt) is placed in the kiln. The intensive heat causes the
sail to vaporise, which reacls with the clay, forming a thin smooth, hard, and a walerproof glazed layeron
the pipe surtaces. These pipes are joined by a bell and a spigol fiexible compression joint, in which the

precision mated surfaces are in tight conlact with one another. These pipe lengihs are, therafore, cast

with having bell and spigot ends, inlengths of aboul 0.810 1.2m, The inferior surface of tha sockel end

and the exterior surface the spigot eng, are, however, net giazed so as lo moke awatertight joint,

Tha advamages of lnese pipes are:

(i) Thestoneware pipesoffer the maximum advunlages of being highly resistant o sulphide corrasion,
and tharafore, preferred lor carrying poliuted sewage and industrial wastes,

(i}  Their interior are very smooth and they are rydxauhcaﬂy very efficient.
(i} Theyare h1gmy impervious and do no! atiow any sewage to very elficient.
&

(v} They are, 1hough weak in lension, yet quite slropg in compression, and hence they are guile
suilable 1&‘ tanding compressive stresses c§used by 1raffic and back fills.

They, however, canwithsiand only very smail ensilg slresses caused by internal pressures. Hence,
‘they can, lhrough withstand slight lensile siiesses caused by some chancy surcharge of gravily
sewers, yel cannol be used as sewers flowing upéer pressure.

(v) These pipes are quite cheap, durable. easily as@ilable. and can be easily laid and joinl.

{vi} They are mads, non absorbent, soas not lo absorb water mofe than 5% of 1heir own vreight, after
 keplimmarsed in water for 24 hours. e )

The disadvantages of these pipgs are:

iy Theyare heavy, bulky, and britile, and, there'ore, qnl(scult to lransport. Due (o this reason, Ihey are
cast only in smaller slzes and smaller lengths. Dge 1o thelr shorter langihs, numerous joints are
_required in laying such pipes, and dueto smaﬂer;:zes they cannot be ulilized as branch or main
SBWETS, =

{i) Theycannot be used are pressute pipes, becayse they are waak in lension.

4. Brick sewers: Bricks had been used as sewer material since ancient days. They, however, have
now-a-days been aimost replaced by cement cxrele sewers. However, ihey may sliltbea used at

' places whore the sewers are required 1o the corgirucied at the site and ingredients required for
cemenl concreting may not be easily available. Tr;ey may also be prelerred for constructing large
sized combined sawers, or parlicularly for storm waler drains.

Brick sewers are generally plastered on theif surfaces so as o pravent the entry of ree rools

, and ground waler through the brrick joints; and arefined inside with stone ware o ceramic block so
as to render them smooth and hydravlically sificient. The sloneware of ceramic coating alsohelps
in resisiing sulphide.corrosion which is nol ﬁossigle with the ordinary cement plaster as the same
is easily attacked by sewer gases like hydrogen ?uiphide.

5. Cast lron sewers: Cas! iran pipes are siructurally stronger and capable of withsianding greater
tensile, compregsive, as well as bending siresses, bul are costlier. compared to cement concrete
or stone ware pipes: They are therelore, used as sewers, only undsr special circumsiances, such
as: i

{i) For oulfall sewers, lor rising mains of pumpmg sialions, o lor inverled siphons, all running

under pressure. 3t

i) For sewers io be laid below heavy iraffic loads, suchas those laid below highways or railways.

() For sewers which are lc be 100% leak pvm(i 50 a5 lo avoid possible contamination of under

ground water supplies. .
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Cast iron plpes are through structurally quite slronger and durable, yel can not withstand the corrosive

action of gases and other acids presentin sewage; and hence gengrally lined from inside wilh cement

concrete, or painled with coal tar. elc, Allhough the sewer pipes are nol subjecled to high prassures, bul
stifl they are made a5 heavy or even heavier than the water pipes, 5o as lhe resist lhg corrosive action of
sewage.

8. Lead sewers: The lead pipes are smooth, solt, and can be easily bent 1o 1ake odd shapes. They
are also not affected by acid or alkaline sewage discharges, ang can resist sulphide corrosion,
They are, however, very coslly.

The lead pipes are occasionally used in smaller sizes (3lo 4 cm dtamele r} and in smaller lenglihs
in the toilels. Tha may be used as a downtake pipes of llushing clsterns, or as waste pipes from
stall urinals and wash basins, or for geyser conneclions.

7. Plaslic sawers; The use of plaslics for non-prassure sewer pipes is of comparatively recent origin,
and Is stillin the experimanial slages. Yel however, cerlain countries fike Nelherlands, Scandinavia,
France, efc. have already siarled using plaslic pipes for sewers of 250 mm dia and above, on a
moderale tolarge scale (15% 1025% or s0). Their use in Germanyand U K.is hardly 5-7%, and in
india, practically no plastic pipes are used for sewers, aimwghof course they are, finding increasing
use inimernal water supply and drainage fittings.

Water Storage for Buildings
Ina building, provision should be made: -
{a} Forstorageofwaler B
{a) Toreducethe maximum rate of dernand on the ma1r~. :
{b} To lide overperiods of intermitient supply.
* Waler slorage lank may be placed al the roof cl the bullding or an undergraund lank is made.
= Watertothe tank placed cnroof topis suppiled through pumps.
*  Overhead1anks are construcled of iron, wrought iran or mild steel plates and should be perfectly
water light vathout the use of any sealing malerials.
s  Underground tanks are moslly mada of RCC.
Capacily of storage tank depends on following factors: -~ - '
{i} Hours of supply at sulficient high pressure 10 {ill up lhe overhead storage lank
(") Rate and regularily of supply
{iif} Frequencyol replenishment of lanks during the 24 hours
if the waler supply is intérmiltent and hours of supply are ircegular, it is desyﬂ‘a,{o provide, minimum
slorage capacity equat 1o hall 2 days supply lor the overhead tanks.

5.15 Design of Balancing Reservoir/Distribution Reservoir/Service Reservoir

* The mein and primary function of a disiribulion reservoir is o meet the fluctualing demand with a
constant rate of supply. '

«  The quantity of waler required (o bs stored in the reservoir for equalising or balancing this variable
demand against the constant supply is known as Ihe balancing reservoir or balancing slorage or the
slorage capacity of a balancing reservalr,

« Thisslorage capacily of balancing reservoits is worked u‘ut with help of hydragraphs of infiow and
cuttlow by mass curve method or by analylical tlabular solution.

(a) Mass Curve Method

) ) @ Tota! Storoge roquinnd = A + 8

A mass curve diagram is the plot ol §
accumulated supply or demand versus time. g Madmum oedinate (8)
The supplyis also called as inflow and demand i Excoss domand
as outflow. First mass curve of supply known §
8s supply line is drawn and over this demand §
curva is superimposed. ! % Supply curve &
The amountof balancing sloragg Iscetermined  § | (oo 8
by adding the maximumordinales betweenthe £
demand and supply lines. 3 K
To construct such diagram lor a particular water § ’
supply projact, we hava lo proceed as follows. ‘,“' Comand Curvo
(@) From the past records, delermine the

hourly deniand (or draft) for all 24 hours o= e

for typical days [maxlrrlum average and
minimumy, '
(b) Calculaleand piotihe cumulalive demand
againsl lime and then plol the mass curve of demand.

fig.5.13 Contnuous Supply

. {¢) Drawlhe cpmuigliva supply also against lime, which is a siraight line if lhe supply is conslant,

(@) The slorage required s calculaled as the sum of the two maximum ordinates between demand
and supply lines.

{e) Repealhe procedures forall the ypical days (maximum, average and minimum) and determine
the maximum slorage required lor the worsl days.

‘g‘ Tota! Storago required = A+ 8
-;-o_ ) A
£ ik
2 P
3 Domand Curva S
o ‘ N
3 K :
!é . ~———— Supply Curvo
g :
2 i
£ ] S Pumping |
E S Pored |
5 . 1 .
; H
[V &AM &PM

Tima In hours

fig. 5.14 Limiled Hour Supply
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From{2-4) — Demandrate > supply rate
-3 Waler getting depleted
From({4-5-1-2) — Demand rate < supplyrae
- Waler getting slored
From{4-5) = Accumulalion=8
From(1-2) — Accumulation = A
From(2+-3) — Oepletion = A
From(3-4) — Deplelion = B
= Maximum waler that would be accumulated = A + B(i.e From 4 - 2}
=  Maximum water that would be depleted = A + Bli.e From 2 - 4)

FTHVICEL- I The purpose al providing a balancing resarvalr in a water supply dlsiribulion
system Is to

{a) equalize pressures In the disiribulion system -

{b) slores adequate quaniily of water to mesl requiremenls in case of breakdown of inflow

(¢) slore adequate fira fighting reserve
(d) take care of Nucluations in the rate of consumption

Ans. {(d)

Example 5? l inthe figure shown below, .v,x, rep-!.esen-(-s- S
(a) accumulated supply {b} slorage requirement
(c) accumulaled demand for the period 1o 2 {d) surplus in the reservoir

Ans, (8)
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Month Mass Qlagram

{b}  Analytical Method

Inanatylical methed cumulative hourly demand and cumulative hourly supply are labulated for all the 24
hours. The ho‘uriy excess dumand and hourly excass supply are worked oul, The summation of maximum ol the
excess of demand and the maximum of excess of supply gives lhe required storege capacily.

Examplg 5.8

Calculate the slorage required to supply the demand shown In the foliowing

table if the inflow of water to tha reservalr is melntained at a uniform rate throughout 24 hours.

Solution: “Time ‘Demand In
Tolal demand during the day = 0.48+0.87+1.33+1.0+0.82+0.54 Miltion firoe |
e 00-04 048
= 5.04 million litres g o587
Tolal ly during the day = Tolal demand = 504 million litres ~
Tolal supply during y oy anu 50 ifion i 13 133
Constanthourly supply = ——=0.218 12-16 1.00
Now 4 hourl ly = 0.21x4=084 M 16-20 9.2
(< hourdy supply = 0.21x4=0. 20-22 054
Time |Domend | Cum demand; Supply €um ? Excossof demandl Excoss of supply
In n in In Supplyin  {col. 3-col %) {col. 520l 3]
hour M w M M7+ |{+ve values only) | {+vo values only]
n & 3 4) (5} {8} {7}
0-4 0.48 048 0.84 0.84 7~ - 0.36
a-8 | 087 135 0.84 168 - 036
B-12 | 1.33 268 084 252" " 0.16 -
12-16| 1.00 368 084 336 032 -
16-20| 082 450 0.84 4.40 0.10 —
20-24 | 054 5.04 0.84 504 — -

From above lable, it is observed Ihat the maximum of exc ess of demand = 0.32 M7 and the maximum

of excess of supply = 0.36 M.
Therelore, tolal storage required = 0.32 + 0.36 = 0.66 M! = 680,000 lilres

!
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For a town dally requirement of water for supply 1o the population is 2 Jakh i

;litres. Tha pattem of draw oft Is as follows.

€amtlo8am -~ 30% of day's supply ' An overhead tank is to be pravided lor a town water supply. Glven lhe following
Samto 1p.m - 35% of day’s supply data, calculate the minimum capacity of the tank without any fire demand. Tank is empty between 12 to

4pmlo7 p.m - 25% of day's supply i

7pmioBam - 10% of day's supply !

Tho pumping Is done for 10 hours g day from 8 a.m to 8 p.m. Find ouf the storage capacity of : No. . |Time (h,,‘ Hours wator | ater

the distribution reservolr for the waler supply schama, ' K e 21+ | pumpad | domandad

Solution: Tolal daily requirement = 200,000 lires ‘ : 1 0-4¢ 4 0 13,333

15 hours. {a) Rate of pumplng = 25,000 litresthr, (b) Hours of pumping = 4 to 12 and 15 to 23 hre

Now, the cumulative demand covered is labulated in the table given bglow: 4.6 2 50,000 40,000
i

Porlod 1 " Retoef: Bomand In] Cumulative : 6-10 4 100,000. 120,000
-4 " .-Demand - -.|. Lltrus_ . Dnm’ap“g&{t '

. : 10-12| 2 50,000 |. 33.333
§am loBam. | 30%to2iakhlilms |.- 50,000 .| 60,000. —

. T Cig-as | 3 ] 9. " 25,000
Gam o4 p.m. | 35% lo 2 lakh fitres 70,000+ 130,000 i l A . o

14s-16 | 1 25,000 8.333

dpmto7pm. | 25% lb2takhliies | 50,000 | 160,000

: 7 -] 18-20| 4 100000 | 106,666
7p.m.lo6a.m. | 10% 0 2 lakh filtos 20,000 | 200,000 ‘ B RS N £l R L
: ~ - : 1 1osf 22| 3 75000 50,000
The mass curve of demand has been plalted in figure, : o : . 5_}'9 Sl 1 | oo - 3,335,
Sofution: Problem has been olved analytically in table given beiow,
: As given inihe queslion, lhe tank is emply between 12 and 15 hours, Hence. we shall slart fram 51, No.
g 200.000 . 5. ALSI. No. 6 storage Is (+) 16,666 again at S. No. 7. it has teducad by 6666 lires. Hence. net storaga
= e dinat 1A ’ i - =10 n proceed SI- No. 8,9, 1, 2, 3and finally at 4,
2 A=30.0b0 firos +——#] | is (16000 -~ 6666) = 10000 and so on proc
(=4 '-/
D00
i h / Sorial | .-Timo °| Hours Walter Waler Accumulation | Wator In sorvico
3 T Comlyiten & d e No.© | ™ . . pumped | demanded | (+}drawofl | resorvolr In
g 120.000 £ . . S T (itros) | {litres) sol.4-col.§ |{litros)
3 ; dative : : {1) 2 )] ] {5} ® @
2 soom it Curpato sypelyine 1 0-4 4 — 13,233 {-) 13,333 16,333
= - a3
g // s I #‘ 2 4-6 ' 2, 50,000 40,000 (+) 10,000 28,313
F;' (Ll =
&} 406000 £ - N i 2 6-10"| 4 100,000 120,000 (=) 20,000 8,333
i 1
/B | Max “‘“"‘1‘“ 9“’*%‘” ftres b 4 | 10-12] 2 50,000 13313 (+) 16,667 25,000
g ) . 25,000 -} 25,000 0
GAM  10AM  2PM  BPM  TPM  2AM  EAM 5 12-15] 3 0 =)
: G 15-16 | 1 25,000 8,323 {+) 16,667 16,667
Tolal demand is met in 10 hours : 7 16-20| 4 400,000 106,666 (-} 6,666 10,001
) aare ‘ef supply = 200,000/10= 20,090 litresfhe p 20-23 3 75.000 50,000 {+) 25.000 35,001
Two maximum ordinates between supply and demand lines are
A = 30,000lires; B = 42,000 fires* 9 23-24 1 0 3,335 {-)3,335 31,666

Nove, Total storage capacily = A + 8 = 72,000 lilres




Now, from column no 7, it is clear (hat maximum balance storage is 35,001 litres. Hence, capacity of
the tank should be 35,001 llires, | |Pine | Assumedtiows | K | H =KC] M Corrected @ .aﬁe{
: . Q Oy first comection
R — . , ) Qn, =0, +8
SSL DX RS A service water 1ank is recelving waler from the trealment plant at a rate of 200 ! BA 1 0] 10 10 05
m¥hr for 24 howrs. The high lilt pumps are tilling water lruii the same tank al following rates: 4 - 14 hrs ; AC 6 P20 ---720 120 55
@ 120 mhr and 15 - 24 hre @ 400 m3/nr. Determina the capacity for the sarvice water tank. - | cB -3 50] 450 150 =35
Solution: The problem has been solved in the lable given below, » EH, = 280 zlgi = 280
The cumulalive supply over demand i.e.. excess supply to lhe lank is ISUGmJ Henca, Iha capacity of e -
the tank should be 1800 m3, : . - 3
‘ v \\,."fll a= T 2:(% =-05m¥s
Time In| Demand from { Cumulative domand | Supply In the |Cumulative | Accumulatian(+) 2y i
hour * | clear walar tank | Fom dlaar tank cloarwator: | Supply (m}] draw off (-} Q
Nfted b); hlagh it |- pumps {m?) . tank (m3) cal. §-col.3 ) 2nd lteration for the loop BACB
pumps (md) | R 5 ; : -  — -
pn @ po o o - , Pipe | Assumed flows | K | H, =KQ? . H Correcled 0 a!!er
— - - Q. a, second corection
0-4 Nl Nil 200 % 4 = 800 800 {+)800 o Oy, =0Opts
4-14 120 » 10 = 1200 1200 200 x 10 = 2000 2800 {+) 1600 84 05 10 25 8 05086
14-15 il 1200 - N AC 85 (a0 €05 110 5.5088
— 200x15200 | 3000 {1800 ca 35 |sa| 6125 175 -3.4914
15-24 | 400 x 9 = 3500 4800 200 %9 = 1800 4800 0 :
EH =513, ﬁ‘— =290 .
- | EH —;
A pipe netwark In the form of a triangle ABC has inflows of & md/s and 4 m¥/s at I 4= - ;{ = TERE0 0.0086 mYs
A and B respectively. The outflow at G is 8 m¥s. Given K, = 10, Kz = 50, K, = 20, compute : EZIQ—L i
. ] a M
discharges in each pipeline [ = KQF. j Now, thus the dischargesn pipe BA, AC and CB are C. 5088 m%s, 5,5086 /s and 34914 m¥srespectively. |
Solution:First of all, the magnitudes as well as directions of the possible flows in each pips are assumed | K I
“keeping in consideration the law of conlinuity al each junclion. The assumed flows are given in the figure : 5;@_ -Important Expressions
shown below: ' ' el 1
1. InHardy-Cross method: Loss ol Head, ;= rQ?
Where, O = tiow of water: 7= Propottional constant {which is dilferent Ior dilferent pipe}
r I [Eho
' 2 Modification indischarge, ")
| _ Z!mo E
| .
Summtary « Incontinubus supply system, the rate of suppiy can kept low and pressure may bs also
] - low because in such condilions waslage of water through leakage 1akes phceand igsser
4 "‘,if ey > c\s\@‘u . @ ' size of distribution pipes make the system gconomical.
e «  Bends, crosses, tees and elbows are usedto change the direction of pipeline, Tees are
It1s given thal h, = KG* provided 10 take out Haw in normal direction (o the main llow. Efbows ere provided to turn
The gi _ ! I' the gradual direction of the pipe line by 90, grosses are provided to divertthe flowinfour
he given pipe network can be analysed by Hardy Cross method. ; direclion whereas bends are prowaed {orrun the direction of the pipe tine al & desired
1st ileralion for the loop BACS ' ' angle. Nippons are used to reduce the se@npn of apipe and unions are usad 1o changea

! ! sectionof pipe whenteguired, 1



Q.1

Q2

Q3

Sonoscope is usad for which one of the
tcllowing? ]
{a} Checking lhe accuracy of water me'ars
{b} Regulating the fire hydrants
{c} As a replacemant of venturimeter for
discharge measurement
{d) Deteclionofleakage inundergroundwalar
mains
Comiderﬂmtsnomngm.sassomatedxnwater
SUpDYYS}'S!m .' "sxu.
Pumping oftawmer
2. intakeworks <. . .
3. Tealmentworks' |
4, Distibuon ‘'

Q.4

Qb

The sequence of thesa un'ls in the orderof |
their connections smmng from tha suutce .

{river)is
{a} 1.2.3,4
© 21,43

® 21,34
) 1,243

Consider the given figure of mass curve for
estimating the storage cépacity of the water
supply tank. The storage capacity of the lank
would be

Supply curver
3

Aceurrulalod fow
»

A>B
[ 2 PR
Time (indoys)
@ A {8
fc) A-8 @) A+ B

Qs

Qr

Qe

Consider the lollowing pairs:

1. Darcy Weisbach Equation.... V = CJAS
' 1
2. Manning’s Equation ... V = —RMS” 2
3. Hazen William Equalian ...
V= kai‘“ g5 ‘

b _tf{v?
L dizg

4. Chezy's Equalion ...

- Whichofthese pairs are correct?
e andza i
i(c) SancM “

A sudden change in the slope of the hydraulic

{b) 2and 3
(d) 1andd

gradient line drawn for a stralght section of a

- water ptpe line indfeates the
-{a) change in ‘groung slopes
‘{bJ presance of water hammer

{e) accumuiation of sediments

(d) Ieakags in pnpe line

For the enalysxs olllowina waler dislribulion
network, the site engineers pretar which of the
lollowing head loss equation?

(a) Darcy-Weisbach equation

(b) Chezy's equation

{c) Hszen-William's equalion

{d} Manning’s equatiop

The estimated houtly consumplion of watar for
alown at 9% hour is 6.10 million lilres per hour
Pump can supply T al a uniform rate of

1.5mYs, Waler req st be augmented irom
aslorage reservum,ln ml!lzon lires per hour is
(a) 6.1 (b) 16
{c) 54 {d) 07

Why are gate valves provided in distribution

syslem.

{a) To minimize the Jlow pressure in the
network.

(b) To maximize thesage of tha distribution
system. i

Qs

Q.10

an

{c) To contro! the flow in the pipe network.
(d) To identily the loss through illegal
conneclions.

Maich List-l with Lisl-1l and select the correct

answar using the codes given belnw: the lists:
List-l

A, imprave power lactor

B. reduce lhe current ripples ,

C. increase the power flow in ling

D. raeduce the Ferranti elfect '

List-l1
1. shuntreactor
2. shuntcapacilor
3. seriescapacitor
4. seriesreactor - - )
Codes: e

A B €D
@ 3 2 1t 4
)y 2 4 1 -3
€} 3 1 2 4
@ 2 1 4- 3

Which one of Lhe foliowing is the purpose of

providing a surge tank in a pipeline carrying

waler?

{a) Tostore vealer

(0} To increase the pressure throughout the
pipeline

{c) Toslore overllowing water

(d) To protect tha pipeline againsl water
hammer

Malch List-l {Type of Pipe) with List-11
(Purpase) and select the correcl answer using
the cades given below jhe lists:

List-f Lidi-n

A. Sleel pipe 1. House plumbing
8. Caslironpipe 2. Holwaler carrying
C. Glpipe 3. Dislribution main
D. PVC pipe 4. Pumping main
Codas:

A B C D
@ 4 1 2 3
(b} 4 3 2 t
cj 2 1 4 3
@ 2 3 4 1

Q.12

Q.13

Q.14

Q.15

Pow»

The usual size of residential ferrule hore varies
from

(@ tmmlo5mm

{b) 10 mm 10 50 mm

{c} 100 mmto 500 mm

(d) 1000 mm to 5000 mm

Consider the following stalemenls:

In water supply distribulion network.

1. the gridiron systemrequires more lenglh
ol pipe lines and larger number of cutof!
valves.

2. the designof the gridiron syslemis dithcull
but economical

3. emplaying a grid iron sysiem, the dead
ends ara completely eliminaled

4. employing a gridifon syslem permils more
water to be divarted lowards the allected
point [rom various direclions,

Which of hase statement are correct?

(&) 1,2and4
(c) 2,3and 4

Match List-l {Layout) wilh Usi-ll (Sullable
far) and selecl Ihe carrect answer using the
codes given below the lists:

List-t

Tree system

Grid iron system

Ring system

. Radial system

List-ll

Salislaclory water supply, but not much
used in India

2. Well-planned seclor ol city

3. Forlowns wilh reclangular road layout

4. Forirregularly developed lowns

Codes:

{b) 1,3and4
‘{d) 1,2and3

-

A B C D
g 2 3 4 1
b 4 1 2 3
c) 2 1 4 3
@ 4 3 2 1

Match Lisl-l with Lisl-1l and select the cotrect
answer using the codes given below Lhe lists:



List-1

A. Releasevalve

B. Checkvalve

C. Gatovalve

D. Pilot valve
List-§l

1. Reduce highinlel pressure to lower oulput
pressure

2. Limit the tlow ol vsaler lo single direclion

3. Remove air fromthe pipeling

4. Stopping the llow of waler in the pipeline

Codes:

A B C 0D
@ 3 2 4 1
LB 4 2 1 3
c 3 4 2 1
{d 1 2 4 3

Diraclions: The fallowing items consists ol wo
slatements; one Jabelled as 'Statement (I)" end the
other as 'Stalament {I1)'. You are lo examine lhese two
slatemants carelully and selecl the answers 10 lhese
ilems using he codes given below:
Codes:
{a) both A and R are trup and R is Ihe correct
explanation of A
{D) bolh A and B are lrua but Ris nol a correcl
explanation of A
{c) Aiswue but Ris false
{d} Ais false but Ris lrue

Q.16

a7

11
16

Staternent {t): Location of the glevated service
reservoir {ESR} al Ihe centre of the disiribution
area is helplul in equitable distribution of vsater
lo the consumors even when the distibution
area is large.

Statement (1): For equilable distribution of
water 1o the cily, sullicient number of ESRs
shall be pravided (o limil the area to be served
by aach of tha ESRs.

Statement (I): At lhe ferrule point of a water
supply dislribution pipe nelwork for Indian
towns having a majonly of two-storey buildings,
the ideal minimum pressure head of water is
i2m,

Stalement (Il): This magnilude of pressure
head al fenule is necessary toreach the highest
floor of the wo slorey buildings,

. Answers

L (@) 2.y 3. (d) 4 (b) 5. (d)
. (e} 7.(d) B.(c) 9 (c) 10.(d)
. (b) 12 (b) 13. (b) 14. (d) 15. ()
. (b 17. (a)




