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Design of Sewerage System
- and Sewer Appurtenances

Providing an adequate sewer systern for an area is an arl that requires careful engineering. Il should be
properly and skillfully, pfanned and designed so as lo tranapert the entire sewage effectively and efficiently Irom
the houses and up 1o the point ol disposal. The sewer must be adequale in size or they will overllow and causes
properly damage, danger 1o health and nuisance. Adequacy in size of sewer calls for correct estimation of the
ameunt of sewage and use of hydraulics la-delermine proper size and grades ol sewers, which will permit
reasonable velocity of llow. This lfow should neither be (co large as to require heavy excavations and high fift
pumping hor should il be 100 small to cause deposition of sofids in sewer bollom with accompanying odours and

sloppages.

¢

4.1 Diﬁereﬁce in the Design of Water Supply Pipes and Sewer Pipes

The hydraulic design of sewers and drains, which means Jinding out their sections and gradients, is
generalty carried out on the same lines as that of the waler supply pipes, Thare are hvo major diffierences between
the characieristics of fiows in sewers and waler supply pipes.

(i) Waler supply pipes carry waler under pressure, and hance, within certain limils, they may be
carried up and down the hills and the valleys: whereas, the sewer pipes carry seyage as gravily
conduits and they must, therelore, be laid at a continuous gradient in the downward direclion up to
the auttall point, from where it will be lilted up, treated and disposgd off,

(i) Waler supply pipes carry purg water without conlaining any kind of solid panticles, either organic or
inorganic in nature, The sowago. on the oiher hand, does contain such particles in suspension and
the heavier of Ihese parlicles may seltle down at the bottom of the sewers as and when the flow
veloeity reduces, thus ultimately resulting in the clogging of the sewers. In order to avoid such
clogging or silling of sewars, it 1s necessary that the sewer pipes be of such a size and laid al such
a gradient as lo generale sefl-cleansing velccities a1 dilferent possible discharges. The sewer malerials
must also be capable of resisling the wear and tear caused due to abrasion of the solid parlicles
present in the sewage, vith the Interior ol the pipe. '

4.2 Sewer Materials

Virrified clay (or stone ware), cement concrele, asbestos cement and cast iron are the mosl common
materials used for construclion sewer pipes. While selecting a particular matarial lor construclion sewer pipes,
lhe importanl faclors which must be considered are:

(I} Reslstance to corroslon: The sewer pipes are likaly 10 be acted upon by sewer gases, and lhus

_ get corroded, due Lo the presence of acids and other impurities in sewage.
(i) Reslstance lo abraslon: When the sewage conlains a lal of grit and sand particles, moving al a
- highvelocily atthe sewer invert, a log of wear and lear of \he sewer material may be caused due to
abrasion. To avoid his erosion of wear and lear of the sewer pipes, the sewer malerial must be
strong enough. so as lo wilhsiand such possible abrasions.

(fl} Strenglh and durability: The sewer pipes should be strong enough (o withstand ali Ihe orces (hat
are likely to come on them. Since they are laid well below the ground leve!, they are subjected to
considerable extarnal loads. ’ i

‘ (v} Light welght: The malerial used for sewars should be light, so that the sewers can be easily

- handled and ransported. .

(v) Imperviousness: The sewer malerial should be Impervious as not (o allow any seepage of the

sewage from thoe sewer.

{vi) The economy und cosl: The sewer material must be cheaper and less coslly as 1o cause overall

. economy in Lheir construclion.

(vil) Hydraulicelly efficlent; The sewer material should be such as to provide a smooth interior sutface
{with Manning's N as low as possible) so as to provide an hydraulically efticient surface.

Besides cement concrets, asbestos cemenl and vitrified clay which are the commonly used malerials,

ather malerfals which may also be used for sewer conslruclions are bricks, cast iron and plastics. The

sewers of diflerenl possible materials and their comparalive ulilities are dascribed belave:

1. Asbeslos cemant sewsrs: Asheslos cement pipss are manulaclured from a mixture of asbestos

’ lll;re. silicaand cement, converted under pressure lo a dense homogeneous materials, possessing
: considerap!e sirength, calted asbeslos cement, The asbeslos fibre which is Iharoughly mixed with
'cerr_\am serves as reinforcement, and pravides a sirong marterial, These pipe are narmally available »
in sizes say from 10 10 90 cm in diameter and 4 metres in length,
Jaining: These pipes can be easily assembled without skilled labour, wilh the help of a special
coupling {called Ring Tie coupling or Simplex, joint) @s shownin fig. 4.1. The assembly counsisls of
apipe sleeve and two rubber rings, which are compressed bolween the pipe and lhe intenor of the
sleave. The joint is as resislant to corrosion as the pipe itsell, and is flexible enough as to permil as

much as 12° dellection, while laying the pipes around curves (in plan)
[
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The advaniages of AC pipes are:

) Thayarelightin weight and hence easy lo ransporl.

(i) Theycan be easily cutand assembled withoul skilled labour. :

(i)  Their interior surtace is exceplionally smoath {with Manning’s N = 0.011), thus providing an
excellent hydraulically efficient sewer.

The disadvamages of AC pipe are: )

(i) They are structually nol srong enough to bear the huge compressive siresses induced by
the heavy external loads 10 which ihe deeply buried sewers may be subjected lo.

(i)  They are susceplible to corrosion by sulphuric acid from hydrogon sulphide gas yenerated
in sanitary waste waler of by some industrial chemicals. The sulphide corrosion of asbestos
cemenl as wall as cement concrete pipes is a big problem in areas where the sewage is
sirang, stale and very wamn, because under such conditions the bacterial activity responsibla
tor producing hydrogen sulphide gas gels accelerated. Hence in alt such cases, vitrilied
clay (popularly called slone ware) pipes shauld be used lor sewers of less than 1 min

diameler, and cement concrete pipes with cast insily plastic linings may be used for farger

diameler sewers. .
Plain cement concrete and reinforced ¢oment concrale sewers: Plain cemenl concrele pipas
are manulaciured in small sizes, while thay are reinlorced wilth steel reinforcernent for larger diameler
pipos. ACC pipes are easily availoble in sizes up 1o diamerers say 1.8 melres, and may be got
manulactured for larger diamelers say uptoabout 4.5 melers, on speciai orders, These pipes may
eilher be prepared atsile by ransporting ingredients (i.e., cement, sleg! aggregates, waler, elc.) ar
can be manulactured in faclories, and then lransporiad to sile. ‘ .
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They are known as cast in situ pipes in the fosmer case, and precasl pipesin the atter case. Casl
insitu pipes are useful when the site condilions are dillicult and whera it may be dilficult tocarry the

' pipes. Bul since such pipes are cast al sile, lesser supervision and checkis possible as compared

to the cass of precas! pipes which are casl in the factories and thus subjecled 1o greater qualily
conlrol and supervision.

Reinforcement concrale {RCC) pipes are those concrele pipes which are provided with circcumlerence

« reinforcement lo camy inlernal or external siresses, and a nominal longitudinal reinforcement equal

10 0.25% of the cross-sectional area of concrete. The circumlerential reinfarcement is generally
provided in three dillerent ways, as showni in fig. 4.2 {a}, {b)and {c}.

The non-pressure RCC pipes are classified according lo IS 458 : 1588 info the foliowing three

categories: - .

{iy NP2 pipes: Thay are lighl duly RCC non-pressure pipes, normally used for drainags and
irigation use, for culverts carrying light iraific. The thickness of NP2 pipes vary from 25 min
for B cm dia. pipe lo 110 mm for 2.2 m dia. pipe. -

(i} NP3 pipes: They are medium duty no-pressure pipes, nomally used for drainage and wrigation
use, for culverts carrying madium lrallic, The thickness of NP3 pipes very from 25 mm for 8
cm dia pipe o 215 mm for 2.6 m dia. pipe.

@iy NP4 plpss: They are heavy duly non-pressure pipes, nomally used for drainage and imrigation
use, for culverts carrying heavy trallic, such as railway loading.

The unreinlorced as well as reinforced concrele pipes shall ba capabie of withstanding a test

pressure of 7 m head of yealer, ‘

RCC pressure pipes, classilied as P1, P2 and F3 pipes, are generally used for cariying waler

supplies under pressure and are usually nol used as sewars which are designed as gravily conduils:

RCC pipes can be manulaciured in three dillerant ways, viz.:

{a) Pipes having bar and mesh reinforcement, and concrete poured by usual ordinary methods
or concrete pouting and tamped,

{(b)  Pipes made by ratating the mould o the form, rapidly about the pipe axis. The mould contains
concrele and {abricated reinforcement. The centrifugal force throw of the concrele, which
then spreads in a uniform layer over the internal. surface of the mould and embed the
reinforcement thus providing a high densily water walerlight concrete surface. This type is
krown as cenlrifugal type.

{c) The third type of pipes are made by lining thin cylindrical steel shells, bolh internally and
exiernally, with rich cement concrete. These are sironger and more walertight than the first
two. They arg known as cylindes lype.

Hume stecl pipes are also the RCC pipes palented under this name, and consist of thin steel shells
coated from ir{sige wilh cement mortar by centrifugal process. The thickness of the inside coating
varies from 12 mrjmo 30 mun depending upon the size of the pipe. They are also coated from
outside, so as lo prolect the steel shell from external wealhor of soil aclion.

Advamages of concrete pipes are given below: i

() Althese different forins of cement concrete pipes are quite sirong inlension {{or withstanding
internal pressures) as well as in compression ({or withstanding externat foads).

(i)  They are quile resistant 1o erosion and abrasion.

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



{tv) Theycanbemadeol anyiﬁcsi:ed strength by proper design and propertioning of concrete
mixes. )

(v}  Their cast-insitu forms may be easily used at places where, owing to ground water of running
sand condilions, hrick sewers or cast at sile concrete sewers ¢an not be usad.

(vi} They prove economical in medium and large sizes, and hence, widely adopled for branch
and main sewaers,

The biggast drawback of the concrete sewers, however, is lhe fact thal they easily gel corroded
and pitted by the aclion of sulphuric acid produced lrom hydro en!smphidegas {evolved from the
stale sewage} o lrom such ather chemicals prasent in sewage, This not only reduces the life span
of the sewars bul also reduces their carrying capacities with time. Besides corrosion, they are also
susceptible to erosion by sewage conlaining loo much silt and grit.

The concrele sewers can Ee prolected {rom
such actions by lining their interiors with
vitrilied clay linings, as shown inilig, 4.3. The
hlocks of vilrified clay, for Lhis'purpose, are
provided with projections, whizh proizct and
enlertha cement concrete as shown, The joint
batween adjacent blocks are filled eilher wilh
rich cemant mortar or with blluminous
compourds.

Other methods of protecting concrete sewers

{rom hydrogen sulphide corrosion are:

@) Prohibiling the enlry of wastes g, 4 3 coman concrele pipe, lined insida with
centaining sulphides. vitrified clay lining

{iy PReducing the sulphate conlents by
pretrealing the sewage,

{ii}  Aeraling and chiorinaling tha seviage.

{iv}) By adequatety veniilating ths sewers.

(v} BymaKing the sewers 1o run full.

{vi} By adding such chomicals to sewage as may neulraliss the already prasent sulphur
compounds.
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In view of its merils and drawbacks, the unlined cement concrete sewers are widely used lor
carrying storm waler, which is comparatively {ree from organic impurities responsibfe for generating
hydrogen sulphide gas. Theymay, howaver, be used for brangh sewars bringing sewage free from
industrial wastes. Wilh proleciive inings, they are used lor almosl al) the branch and main sewers.

Jolning: The concrete pipe lengths, flowing under gravity, can be easily joined wilh a moriar caulked
bell and spigot joini, such as shown in fig. 4.4 (a}.

For such gravily flow, This pipe has been developed insize of 0.6 m to 1.8 min diameler. A special
pipe laying machine with a sfip form is used. This No-joint pipe though nol reinforced, is yet found
io have a good life. For high pressure pipes, a lock joint such as shown in ig. 4.4 {b) may ba
needed. For heads above 30 m or 50, a welded steel eylinder is ollen casl in the pipe for water
tightness.
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The RCC pips lenglhs are joined by placing the prolruding end bars of different lengths butling
against one anolher and welding them, and finally liling the gap with rich cement concrale, 5o as
10 provide a walertight jpint.

Vitrified clay or stone ware or salt glazed sewers: Vilrified clay pipes are widely used lor
carrying sewage and drainage, as house connections as well as lateral sewers. They are available
in size of 5 cm incremenls from 1010 30 cm, and in 7.5 cmincrements from 30.cm 10.80 cm. They
are, however, rarely made in sizes bigger than 90 cm diameler.

These pipes are manufactured (rom clays and shales of special qualilies. which are, first of all,
pulverized and mixed lhoroughly with vater. This mixture is then usod for casling standard pipe
sections in a pipe press at a pressure of about 8.5 kgfem? These moulded pipe sections are dried
inwarmair, and then burntin hot kilns under controlled temperatures. The temperalures of the kiln
is maintained al ahoul 150°C, in the beginning for several hours, and then raised to aboul 700°C,

~and finally 10 about 1200°C, when lusion or vitrilication of clay 1akes place, This makes it very

dense and hard. Near the end of tha buming period, sodium chioride (i.e., coramon salt)is placed
inthe kiln. The intensive heal causes the sall lo vaporise, which reacts with the clay, forming a thin
smooth, hard, and a waterproof glazed layer an the pipe surfaces. These pipes are joined Ry a bell
and a spigol flexible compression joint, in which the precision mated surfaces are in light conlact
with ong another. These pipe.lenglhs are, therelore, casl wilth having bell and spigot ends, in

" lengths of aboul 0,9 to 1.2 m. The interiar surlace of the sockel end and (he exterior sutface the
-spigot end, are. hawever, not glazed so as to make a waterlight joinl,



The advanlages of ihese pipes are! ‘ ‘
()  The slongware pipes olfer the maximum advanlages of being highly resistant lo suiphide
corrasion, ang Iherefors, prelerred lor carrying poliuted sewage and induslrial wasles.

(i) Their interior are very smooth and hey are hydraulically very ellicient.

{ii) Thayare highly impervious and do not allow any sewage to very ellicierl.

{iv) Theyare, lhoughweakintension, yel guile strongin compressicn, and hence they are quile
suilable for withstanding compressiva stresses caused by traffic and back filis. )
They, however, can wilhstanid only very smal| lensile stressas caused by internal pressures.
Hence, they can, through withstand slighl tansile siresses caused by some chancy surcharge
of gravity sewers, yel cannot be used as sewers flowing under pressure.

(v} These pipes are quite cheap, durable, casily available, and can be easily laid and joinl.

{(vi) Theyara made, non absorbent, s as not o absorb water more than 5% of thaeir own weight,
aller keptimmersed in water for 24 hours.

The disadvaniages of these pipes are: : . .

(i} - They are heavy, bulky, and brittle, and, theretore, diflicull 1o ransporl. Dua to this reasan,
Ihey are cast only in smaller sizes and smaller lengihs. Oue lo Lheir shorler lengths, numerous
joints are required in laying such pipes, and due to smaller sizes, they cannat be ulilized as
branch of main sewers. .

(i)  They cannat be used are pressure pipes, because they are weak in tension.

Brick sewers: Bricks had been used as sewer matérial since ancient days. They, however, have
now-a-days been almost replaced by cement concrete sowers. However, they may slill be used at
places where the sewers are required 1o the conslructed al the sile and ingredients required for
cemenl concreling may not be easily available, They may also be preferred for consirucling large
sizod combined sewers, or panlicularly for storm waier drains.
Brick sewers are generally plasiered on their outar surfaces so as fo prevent the enlry of ree roots
and ground waler through the brick joints; and are lined inside with stone ware or ceramic block so
as 1o render them smooth and hydraulically elficient. The sloneware or ceraimic coating also helps
in resisting sulphide corrosion which is nol possible wilh the ordinary cement plaster as the same
is easily allacked by sewer gases ke hydrogen sulphide. .
Cast iron sewers: Casl iron pipes are siructurally stronger and capable of withstanding greater
tensite, compressive, as well as bending siresses, but are coslier, compared o cemenl concrele
ar slone ware pipes. They are therefore, used as sewers, only ungder special circumslances, such
as: .
{iy For oullall sewers, lor rising mains of pumping stations, or for inverted siphons, all wnning
unger pressure. -
(i) For sewars lo belaid below heavy lratfic loads, such as those laid below highways or railways.
{iity For seviers which are lo be 100% leak proal, so as to avoid possible contamination of under
ground water supplics.

Casliron pipes are through structurally quile stranger and durable, yet can not withstand the corrosive
aclion ol gases and olher acids present in sewage: and hence generally lined fram inside with cement
concrele, of paimied wiih coat (ar, elc. Although the seswer pipes are nal subjected to high pressures, but
stilf they are made as heavy or even heavier than the vater pipes, so as.lhe 1esist the corrosive action of
sawage.

6. Lead sawers: The lead pipes are smoolh, soft, and can be easily bent 1o 1ake odd shapas. They
are also nol alfected by acld or alkaling sewage discharges, and can resisl sulphide corrosion.
They are, however, very costly.

Thelead pipes ara cccasionally used in sinaller sizes {3 lo 4 cm diameler) and in smaller lengths
in the toilets. The may be used as a downlake plpes of flushing cislerns, or as waste pipes from
slall urinals and wash basins, or for geyser conneclions.

7. Plastic sewars; The use of plastics for non-pressure sewer pipas is of comparatively recenl origin,
and is slill in (he experimental slages. Yat however, cerlain countries like Netherlands, Scandinavia,
France, etc. have already starled using plastic pipes for sewers of 250 mm dia and above, ona
moderaleto large scale (15% to 25% or so). Their use in Germany and UK. ishardly 5-7%., andin
India, practically no plastic pipes are used for sewers, although of course, ihey are, finding increasing
use inintermal waler supply and drainage fillings.

4.3 Laying of Sewer Pipes

All the sawer pipes are generally laid starting from thelr outfall ends, lowards thelr starting ends. The
advanlage gained in slaning {rom (he tail end, (i.e. culfall end) is tha utilisation of the tail lenglh even during the
initial period of its construction, thus ensuring thal the funclioning of the sewerage scheme has no! fo wail till the
completion of the enlire scheme.

The laying of the sewer pipes is, therefore, stared irom the outfall end and proceaded upward by
Tocaling the dillerent points along the proposed alignmenl on the ground. itis common practice, toflirstiocale the
points where manholas are required (o be constructed and then laying the sewer pipe belween the wvomanholes.

Tne laying of the sewer consists of the followings sleps:

4.3.1 Marking of the Alignmen®

The alignment of the sewar is marked along the road vith a theodolite and Invar 1ape. The centre line may
he marked according to the following two methods:
(a) ByRelerence Line
{b) By Sight Rail
(a} By Referencs Line: in Reference Line Theodolita
|melhocl. a relerence line is marked along
any side of Ihe busy roads by theodsiile

I3 7 £ £
and invar tape. The points £ 5,....... are on
the reference fine. The slarling point (P,} of Roftronco
the centre line is marked with a peg. Then
[hedistance F,F, is ri;ieasured by tape. Now
ihe other poinls &, Py, Py..... elc. are
marked pegs | by laking as CenroLing ~ P, e - P P,

F\P = F,P, = FyPy. .. ete. Thus, Ihe poinis

Py P, Py ... elc. will represent the centre
*-fine of the sewer. This centie line may be
" checked by the theudolite. (Fig. 4.5)

{b) By Sight Rall : In Sight Raii method, wo vertical posts are driven ot suitable distance apart. Thea by
ranging through a thecdolile the cenlre line is marked with nail on a sight rail which is fixed on the
vertical posis. The sight rail should be fixed in such a way so (hat its upper edge just coincides with

Fig.4.5 Relerenceline



the line of sight. The centre  variieal post Cross Hoad
line of the sewer is ! Sight rail

transferred to lhe ground by | - i ]

plumb boly with respact lo )
thenail. . 4 - Boning rod

The dislance balwean lhe
upper edge of sight railand  FER%
theinvert level is determined
and noled on the sight rail for
finding the exactinvert level
by boning rod. Thelengtho!
boning rod is adjusted
accoiding to the heighl as

[T Longth adjustmant
sCrow

i Shoa

Fig.4.6 Sightrail

noted in sight rall. The crosshead is ievelled with the upper edge of sighl rail and the boltom edge

indicales the invert level.

432 Excavation ofTrench

* The width of excavalion of any lavei will depend upon tha widih of the Irench at the boltom and the
additions due to slde slopes and due (o timbering eic, )

= Thetrench is excavated belwaen lwo manholes, and the sewer is laid belween them.

s Further excavalions are carried out for laying the pipes belween the next consecutive manholes.

»  The processis continued fram the oulfall end of the sewer towards the uphill, till the anlire sewar is
faid out. .

433 BracingoftheTrench

» The braces are lhe ¢ross wooden pieces extending from one side of the trench to the other side and
may also be called struls.
«  The bracing will absorb the soil pressure and pravent it fram collapsing.

'

434 DewateringofTrench
' String linn paralial 1o stewer hna and
« While excavating atrench, the ground water /Nm atAhLh abova Ihe sawer lvert

may appear, il the wateriable happentabe ___ / ;S |
high ot if the sewer happens 1o be laid very ~ Sighl
deep. This ground water will create problems
in further excavations.

* Theground water may be removed through

anopeniointed drain canslructed below the . sl
sewer lrench, which discharges inlo an Pl
independeni waler course either by gravily /xng RV Spigal tnd
ot pumping. Soweeimven . - ardis
o Il .
™a il
435 LayingofPipes fintia ] S ::}, T3
L o
z o faid i
Alferthe bedding concrele has been laid inthe o

required atignment and lcvels, the sewer pipes are

lowered down intathe trench. {Fig. 4.7) Fig-4.7 laylngofsewer (L-section)

NOTE: The sewer plpe langths are usbally laid from lhe lowest point with their sockel ends facing upstream.

* The spigot of each, is inserled in the socket of the laid pipe
*  Aller fitting the sockel, spigot joining is done wilh fead caulking or cemenl moriar.

43.6 Testing of the Sewer Pipes

The sewers aller being laid and joinled are lesled for waler light joinls, and also for correcl siraight
alignment, as described below;

4363 Test for Leakage called Water Test

The sewers arz lesled, so as (o ensura ‘no leakage’ through their joints after giving a suflicient time to
1hese joints 10 set in. The sewer pipe seclions ara tesled bexween manhole to manhoele under a test prassure of
about 1.5 m of water head. '

Inorder le carry oul this lesl on a sewer line between two manhgles, the lower end (i.e, downstream endy}
of the sewer is firs ol all, plugged. The waleris now fllled in the manhole at lhe upperend, and is allowed 1o flow -
through Lhe sewer ling. The depth of waler in the manhole is ma\lnlalned (o the testing head aboul,1 B m. The
sewer ling is walched by moving along the lrench, and tha Joints which (eak or sweat are repaired.

43.6.2 Test for Stralghtness of Alignment and Obstruction

The straighinass of the sewer pipe can be tested by placing a mitror at one end of the sewer ine and a
lamp al other end. If the pipe line is straight, the full circle of light will be observed, However, il the pipe fing is not
siraight, this would ba apparent, and the mirror will also indicate any obstruction in the pipe barrel.

4363 ByAlrTest

The Air Test is carriad oul lor large diameler
sewer. The pipe ends of both the manholes are
plugged. Anair compressor Is connecled lo the plug
the upper manhole and prassure gauge is altached
vith the plug of lower manhole, The pressute exerted
by the compressed air is recorded in the pressure
gauge. 1L is left Jor few hours, Il he prassura drops
below Ihe permissible limil, thenil is an indication of
leakage. The exacl point of leakage is found out by
applying sgap solulion which vill shdw bubbles.at
the poinl of leakage. If leakage is delected, it shoutd
be removed immedialely.
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Fig.4.8 AirTest

4.4 Types of Collection System

_ For Ihe transporl of enlire sewage effeclively and elficienlly from the houses and upto the painl of
disposal, sewer should be designed nol Lo flow ull under gravity because reserve spacein the sewer safeguards
againsl fluctualions in sowage (lovs.

The_lhree_ types ol colleclion systems are:
4.4.1 Sanitary Sewer

-

* Insanilary sewer syslem, lateral sewer collects d|scharges from hauses and carry Lhem (o anpther
- branch sewer, and has no lributary sewer lines (Fig. 4.9),



»  Branches o sub-main lings receive wasle-waler lrom faterals and convey it 1o [arge mains. ! AA3 Combined Sewer System

«  The main sewer, also Known as trunk or outlall sewer, carries Ihe discharge from large ateas to the ¢ Whenthe drainage is laken along with sewage, ilis called Combined Sewer Syslem.
trealment plant. . + This system consists of a single sewsr line of large diameter ihrough which the sewage and siorm
« Manholes are provided al imerseclion ol sewer lines and also at regular intervals to facililate regutar ; water are aliowed 10 llow and are carried to the ireatmenl plant.
inspection and cleaning. o ' ) " ' Domestie and
»  They are designed lo carry domestic wasles originaling from the sanilary conveniences ol dwellings, . Incusbial Propory
; adi i i ions i ing i i inihe area. <
busingss buildings, factories or instiutions including industridl vastes produced in1 ) Foul o Stroat Naln Teaatmont
o ] i Sullage Waler Serwex Sower Pign{  — Trealed Effluont 1o
I.a:oral ) i .
Ty Rools ond
- : i Kv . Paved Ampas | -
Surf Sudacy oW
Runoff Violor Sewer
= Branch smvur . ——r
: . Fig. 4.11 Sepamlo Sewerage Systom
Lalorol i »  The storm waler dilutes the sewage and hence ils strongth is reduced
g : . * In this way, sefl-cleaning velccily is easily achieved
iy, : . < L .
*aouo ) +  Aglhe single sewer line sarves the double funclion, it becomes economical.
Brunch "~ . )
: Slom Sewaga 1o
Housa Treatmant Wolsrabursa
. plont
[E‘;itr? rli::“ - 1 Domeatic and Industral Slarm Cverflow
e < : ; Proporty Rools end
dusigned o 2un full) Outtall sqwes . o Paved Arcas
. : Foyl Sowaga Streat WMaln Troatmont Troated
. ‘ Sulago Wal . e
Fig.4.9 Atypical sanliary sewerlayout - ) Sa dxﬁ.unsﬂ Sawor Saves Piont “Zm
) . B Fig.4.12 Combined Sewerage Syslem
4,42 Storm Sewer . :

0 [ il develoeed dunng of loflowing the period of rainfall aver concemed
' Storrrj S?E':gczl:r:e:ifj:f e 7 g 9 Types of Sewer n a Typical Collection System
ared incluc C .

) g i ) located in siréel gullers that collect The types and sizes of sewer used will vary with size of the co'eclion system and the location of the
»  Surlace water enlers a slorm drainage system through infels located in sireel gub | waslewaler- trealment faciliies. The principal lypes of sewers found in most collection sysiem are described by
natural drainage. o ) . v g he individual lots , funglion in lable, and illusirated graphically.
» Since no house canneclion is required, thg 10 sewers may nol depend upon (he incivicy - Toblo 4.1 Types of sowors In @ lypleal collection system
and Ihis may permil them o be run by shailer roules than that of sandary sewers. '

«  Stormsewer piges are sel shallower as compared to sanitary sawers as far as pessible. Typo of Sewar, Purposo ’
) . H Building Building sowars, somotimes ¢alled bulding connuct to the bullding plumbing and are used to
I i slan of sanitary and slorm ' convey from the building o lntorot o branch sowars, of any olier sower oxcep! another building
NOTE Malor d'“@"’"ca in deslg ry | P "‘g’d‘(’:"“ sowor. Buikding suwors nomnily begin outside the building foundation. Ths disiance from tho foundation walf
plshiiony . welrs . 2 .
o sewer: ) g A towhero tha sewerbegins depends on the locatbuilding regulations.
- i i orm sewers he laller are assumes — I :
é () Insanitary andst = iadically, Sanit . — 1 Lataral o Lotoral scwer-.z. formm tha first el 1 of 8 wasteval llect ystom ang are usually In slreols or speclal
lo surcharge and overflow periodically. Santary - ! branch oasoments, Thoy ara used to coliect wastawalor from one or moro building sewers and convey it fo 8 main
- sewer are designed and constructed to prevent. ' SEwor.
surcharging. : _ Main HMain sewers are used o convey wasiowater from ene of mom lateral sewers Lo trunk Sowsis or o intercapling
{iy Second dilference between sanitary and slormi I DS et p? SOWOTS. i .
. : . . E Plan unk Trunk sewers are Iargn sowers thol ans used 1o convay {rom muin to arcihor
. cive a v | !
sewrers is 1he pipe size thal aie needod oS ¢ F10.440  StormWaterOverflowand ' disposal laciios artalarge mtarcapiing sowers, )
given area. Slorm drains are tacger than the pipe g% . -
, o " Sewerage Sysiem | nforcepting fnlorcepling sewars dro larger sewers Uil are used Lo intorcapt a number of main or frunk sowers and convey
collecting domeslic viasic viater ' thg wasiawalar lo weaimentor sthnrdisposatfaciilivs




..... ' l Chezy's Formula

! - where, C= Chezy's conslanl depends upon various faclors, such as the size and the
vetomiyexceplramyseascn.'ﬁmyaree%gshdpe d sewefs . ’ . ’ | .= VRS shape of the channgl. rougl?:ess ol lhe channel surface, the hydraulic
. . o ! characleristics of Ihe channel. The value of C can be obtamed by using
4.5 Assumptions in Sewer D%s"-;n l ‘ eilher Kutler's formula or Bazin's lormula.
Following assumptions are made for the purpase of hydraulic design of Sewer: @) Kutter's Farmula
= The low of waste water in sewer is steady and uniform. The tunsteady and nonuniform wasle water ] 000155 _ 1
flow characleristics are accounted in the design by proper sizing of man hotes. i - [23 - ] +es :
= Theavailable headin waste valer ines Is utilized in overcoming surface resistance and, in smat part . C= 0015 nn where, n=Rugosfty cocllicient depending upon the type of the channel
in attaining kinetic energy for the flowe X 1+ (23 e ] N surface.

+  The design ol sewers are based ¢ri p2ak flow discharge,

Flow Formula: Table : 4.3 Mannings or Kutter's Rugosily Cosfficients {n)
« Manning's formula is used for open channal llow ) S.No.| - PlpoMaterlal - - | - Valuos of ot full dopth for
+  William-Hazen{ormula is used for closed conduit of prassure flow. S e~ - e e
R v R - -Good Inhgor - ‘Falr lnh:rior
. . . N PRI, v - .surfaze conditlon surlacn condﬂlon
Manning’s Formula: ) . : ) e | e ) Siiiar-ttins Ay,
1 - wherz, V= velocity in meters/sec . ; Py — : YT on
V=—x /P x5V = Wanning's coellicient of roughness ’ Ylazed s onew?"’ plpes } :
n 2. Cemenl concrale pipes 0.013 0.015
R Hydrauhc radlusinmeters :
S=S) 51 hydraulic aradisn | 3. Cast fron plpes 0.012 0.013
ope o hydraulic gracisnt . 4. | Brick, unglazed sewers/dains 0013 0015
Willtam-Hazeny Formula; 5. Asbaslos cement 0,011 0.012
. 6. Ptastic (smeath) pipes 0.011 0.011
[V=0849xCxA°®x 8|  vhers, C= Willam Hazen's coefficient ‘ ’
{b) - Bazin’s Formula -
Table : 4.2 Values o C, for William Hazen's lormula o o C= .J_sli_ where, k= Bazin's constant
= ; T A : 1814 -~
T L Y ) “Valug ol’ c,,lor } JR
BNo | .. . -Typeol jipe matarial: - i :
Lo rbe T e e T _ : 595'9" )WYP'-"!M : Table : 4.4 Bazin's Constanl (K)
1. | Concrele and RC.C. pipes 140 , 10 ' , - | & No. Tymo of tha Insido surface Valuo of K
- - Tt of tha spwer ar draln
2. Casliron pipes 130 100 {1). : {2) (3)
3 Galvanised iron popes 120 100 ' ‘ ‘
- - 1. Very smoglh surdfacos. ot
4. Steel pipes with welded joints 40 100 "2 Smoolh brick and concrele suraces 0.29
5, Stea! pipas with rivetted jaints 110 i 85 ( 3. Rough brick and concrale surfaces. 0.50
8. Steel pipes with welded joinls inad 140 110 4. Smooth rubble and masonry surinces. 0.83
with cament for bltuminous enamel 5. Good eadhen channels. 154
[ Asbastos comant pipes 150 120 6. Rough earthen channals, 3.17
8. Plastc plpos 150 120

4.6 Design Data
* . Sanitary scwers are design Lo run panlially tll (flow under gravily)

!V =83.5x% Rmxs”‘f _ *  Sewar should ba designed lo carry peak discharge i.e. maximum hourly d scharge, and should be
. checked io ensure hal al minimum discharge, (i.e. minimum hourly discharge) velocity generated
should be greater than self cleansing velocity.

Crimp and Burge’s Formula; !

This formula is comparable to Manning's lormula having % =8350rn=0.012



» . Sall cleansing velocity is the minimum velocity at Table 4.5
which not any solids gel deposnled althe bollom | pipe Ske Waximum dlschargs candiion
of sewer.

. - 04 1 ul ot moximum dische
+ - Sell cleansing velocity is given by shield's formula D<osm ] maxim dischago
2 .
1 e 2 pasDsoam | 5§ ful almaximum discharga
v=—~r [k (G -14d,]
0208 q  full ot modmum dischargo
where, G, = Special gravily of particle 208m 2
t:ip = particle size

k. = a dimension less constant wilh a value of abouwt 0,04 to starl motion of granular

particle and abour 0.8 [or adeguate sell cleansing of sewer.
nydraulic radius of sewer

n = Manning coelficient
Ensuring sell cleansing vetocity at minimum flow ensures that nosolid is deposiled even at minimum
flow. Howaver, somelimes design is done in such a way 1hat although solid silling may occur at
minimum flow, the same should be llushed oul al a peak llow.

It is assurmed ihat almost 75%-80% of accounted waler supply goes into sewage.

il

(i) Theinorganic sand particies of diameter 1 mm and specific gravity of 2.85 can be removed
wilh @ minimum velogity of aboul 0.45 mfsec.
(i) Organic particle of 5 mm dismetar can &lso be removed wilth same minimum velocily.

4.7 Maximum Velocity

¢ The maximum velocity halps in
(i) %eeping Ihe sewer size under contres.
(i) preventing the sewage from gelling slale and decomposed by movmq it fasler, thereby
preveniing evolution ol ioul gasas.
« o avoid erosion of pipe surface maximum velocily should be limited as fol'ows

Table : 4.6 Non-scounng Limiling Velocities [n Sewers and Drains
S.No. Sawer Materlal Llrniting volocity in m/sec
1. | Vitrifiod tiles and glozed bricks 45-55
2. Casl ifon sowers 3.5-45
3. | Slone ware sowers . 3.0-40
4. | Gamenl concrota sowers 25-30
5. | Ordinary brick - lined sewars o 15-25
6. | Earlhan channals 06-12

«  Slope of sewer should be designed for minimum permissible velority at minimum lov.

Hydraulic Characterlstles of Circular Sewer Sections Running Full ar Partially Full

The circular section is mos! widely adopled tor sewer pipes. They may howover, somelimes be al ‘egg
shape' or ‘horse shoe shape’ ¢r ‘rectangular shape’. " The circular sowers may sometimes run fulf or may run
parlially full. When they run ull, iheir hydraulic properties will be as given below:

Area of crass seclion

A= %D"
wslled perimeter
£= . (0}
- Hydraulic mean depth
x
A_a” D
TP xD 4

When the sewer run partially {ull, at a depth, say d,
as showninfigure 4.13, the hydraulic elements
can be worked out as given below.

The depth al partial flow

O D
. =d= r —z—cos—»
where wis the ceniral angle in degrees as shown in figure.
= Proporiionale dapth
o e 1T 1
=D 2[ cos 2]
Areaof cross-seclion while running partially full
s’ « D
= 35— K ———
4 30 2
_ [ a sina
4 |360° 2n

. 8 a sinee
Proportionale area = — = [-—— -—
port % |360°  om

wetled perimeter, while running partiatly full

o

= p=ul——

T
Croportionate perdmater = g%
PO pedmeter = = 5607

Hydraulic mean depih (H.M.D), which running partially full

where Dis diaclthe pipe

VSRR

T
Partially Fllied
section  §

iq-aﬂ

Fig.4.13 Partially filled circular sewer section

L8 Q[1_360°scnu]

' ‘ 7] 4

Proportionate MM.D = ! [1 - 360°sin«
\ R 2nra

velogity of llow is given p{ Manning’'s formula, as

v = velocily at partial How

H

Lem

2nu

V = velecily, when ruaning full

1
’ ﬁ' R?fd \fs_’;

n

i

i)

i}

vy
L

i}

<vil)

[ S= §,ie bed slope]

[Bed slope § = S, remains constant whether pipe runs full or partiatly full]



v N 2

Proportionale velocly = 37 = 7z~ w{vili) +  Forconsiant 'n’, discharge is maximum when —g- =0.95 and his g, is 7% grealer than
Assuming that roughness coellicient 7 does nol vary with deplb, , the discharge at running full.
wehave n= v L a ’
. 5 * o decreases less'sharply than - below — full depth {for constant r)
273 L v . Q 2
. ; v_r I60°sine 3 . _
Proportionate velocily = A —HM— ={1- “oma i) 4 - . .
»  Ag — < 0.5 ifie decline invalocilics i sharp as ineindi
Since, discharge is given by a.v, (nerefore g | v ) ine i valocilies is nol so sharp as the decline in discharges, because
Discharge when pipe s running partiaily tul ! ' . the area {on which discharge depends) reduces much fasler as compared to lhe hydraulic
=g=av . ) mean depth {on which velocily depands).
Discharge when pipe s tunning (ul . ! e 2o e i tow (0= constany
= 0= AV ‘ Ly Q 2z
- - q v
. Proporfonatadischarge = [$= 2% = 8. ¥| |9 _ {—“ *S’““][1—35°°5‘““]?ﬂ (i) | P Ngm STy R lorn = consan)
- opa ’ @ AV AV |0 (3600 2n Zre : s Formosl efficient system, design should be done for 3 times of average and self cleaning
~ ! . ) 1 .
1.4 12 13 14 ‘ ~ velocity should bb checked for -é-rd of daily discharge.
1.0 1 T T e ) . >
-—=— p variable with depth EVan . " . : — i i . .-
------ nconstant F AR i ’ SEL TN Design a sewer to serve a population of 36000, Daily waler supply par capila |
osk \ T independent of 7 e I i o 1 ;
o P ! ‘=135  of which 80% goss Into the sewer. Slopa, S = 525 and the sawer would be designed 1o carry |
:: ir ‘} 4 times he avarage discharge under design condilion. What would ba the velocity generated if n = 0.012
Bos bk Discharge Q" .2 L ! andilis assumed !0 be constant. .
2 # Hydeaulic : Solution:
i 7 rdios R : o » - |
5 . o = 4 4 —] 3 S f
1%0.4 _ . Qosn = 4 y[O.By 135 x 36000 BGdOO] 0.18 m*,
E ‘."::"' « Manalng n 5= _
E /“ Vd s 625
024 [/ K 2 * . . ! . o d 1 o«
i s y ey ! - Assume’ 2= »[ - g‘ps—]= 0.66
4 et ) . Lo : [o 24
St i o = 217.325°
] ) ! | L ! ' ; ine )2
a 02 04 06 08 10 12 14 9 _ _E‘__E’P_‘E)(Fviisﬂsmu _ m . .
2" (3@3 o o =(0.804){1.206)"® =0.7727 :
: - 239 md :
Fig.4.14 Hydraullc elements for circular sewers : = : b Q= 0.2329msec . .
. - . | o 1 (DVP 1\ a2 5 f
By knowing the conditions under which sewer runs full and by knowing two ratios by hydraufic elements . Q= YT x T x &5 x 2= 0.2329nrfs . ;
under pariisl and full fiow conditians, third can be calculaled analytically or by using partial flow diagram, ' '
= D =570mm
0.2321
Remember a V= NQ# = 0992 misec |
. v Il X { - .
{ @ « |f Maoning's coefticienl 'n' is assumed constant with depth then v = (ﬁ] 4 (0.57) !
: o 23
=, Far constant ', velogily of flow is mavimumwihen % =081 andthis ¥, is 12.5% greater . : N 5 = [;_?] ={1.1039)"% -

than witerieunning full. = v = | mfsac : '




As (he velocity is grealer than 0.8 mys al design flow it will ensure that at minimum llow, the velocily
generated v/ill be more than sell cleansing velocily.

A 350 mm dia sewer is to flow a10.35 deplh on a grade ensuring & deg(eé of

self-cleansing equivalent 1o that obtained at full depth at a valocily of 0.8 m/sec. Find:

4.8
4.8

scouring and suspension of solid particles can be determined
as follows:

lenglh and of thickness rdeposited al the inveri of a sewer ol
gradient B. Lely, ,, is the submerged unit weight of sediment

{i} therequired grade

{iil} 1he rate of discherge al this depth
Given:

{i} Manning's rugosity coelficiant = 0.014
(i} Proportionate welted perimeter = 0.472

(I} essociated valocity

(i) Proportionale area = 0.315
{iv) Proportionate HMD (i/R) = 0.7705.

Solutlon: ) [
At fult deplh, V = 0.8 mfsec. D = 350 mm =0.35m, N = 0.014
a. a. L _qar2 L. 5
AL0.35 depih, o= 0.35, i 0.315, 5= 0.472, 7 0.7705
1 I
=~ Atlull depth, Vs w-n?- EN G
1 (035¥
= S
o 08 = 0014( ] J5
@ J3 = 0.0568
o S=0.234x107

bow, for a sewer lo be ha sama sefl-cleansing, at 0.35 deplh as L wil be al fu}l deplh we have the
gradient (S¢) required from equation as

ssz( ]S: 07?05x3234x10{'[~ 077C£igwen] 421073

Le. } =42%
{ Hence, \he reqd, grade = 4.2%
{#) The velocity generaled al this gradient al 0.35 depth, is given by equation, as
1/6
V = 1% (0.7705)"% 0,8 = 0.765 mjsec.

V,= —I'"

T R
(i) The discharge g,, is then given by
q.=av,
=0 315»— x(0.35) x0.765 ~ - 0,023 cumecs.

Equal Degree of Self cleansing

Shield's expression for self-cleansing velocity
Sell cleansing velocily which is necessary lo cause

Consider a layer of sadiment of unit width and unit

considered. Fig. 4.15. Flg.4.15

Weight of sediment considered,

W=y (10
S, -1
But Tag = T Tee ) where y, = unilweightof lhe water

S, = specilic gravily of the sediment
' e = void ratfio of sediment

Bul the porosily of sediment o
s | oe——
[ 1+ e)

1

1=z ——

+e
Yaw = T (S~ N1 -1
W= (8, -1 {1 - AT
Itis necessary that the drag force (1) exerled by the llowing water on the surlace of the channsl eguals
{he [rictional resislance B, let= A

where, n = porosity of sediment

But. A= Wiane
and lor smaller value of 8,
tan¢ =sin@
A=Wsing
o T=A=Wsing (2}
o ' = {G-1{1-n}tsing {3}

But we know thal the drag lcrce or lhe inlensily ol rractive force () whichis exeﬂed by the flowing waler
on a channel of hydraulic mean depth ris given by
T=7.%r%S5  when < = dragiorce {4}
f = hydraulic mean depth of the channe!
, i s = bed slope of the channg!
equaling equalion (3} and (4}, ve have
V(G- {(1-nitsind =y rs
using {1 - a)sin 8 = ¥’ (a constant), we gel
(G-NK-t=rs o 5= -{G W
For single grains, the volume per unit area {i.e 1y becomes & function of the dismeter of the grain & as an
inverse measure of the surface area of the individual grains exposed lo drag as friction

s=L(6- 1o

{for selicleansing}
o . s= —{G il
Hence, the sell cleansmg invert slope (s} is given by
\
I P 7(5 - 1o : .A45)

Where kis a dimensional constanl, indicating animpartant characteristic of sediment present in sewage.

is value usually varies from 0,04 (minimum) applicable 10 slan of scousing ol clean grit o about 0.8 applicable
for full removal of sticky grit. For relatively clean inorganic and organic matters present in sewage, its values are
faken as 0.04 and 0.06 respectively. The actual value of k, shou'd, however be determined only by experiments
for different malerials.

Hence, the inver slope at which the sewer will be sell cleansing is given by equation (5).



Now from Chezy's larmula, he velocily
V= o5

< Self cleansing velocity {V,) = cJP‘er‘}(G—l)d'

.{(B)

The Chezy's constant{C) in the above equalion ¢an bo equated (o J@ by comparing Chezy's formula

andDarcy Weisbachformuta.

v, = jar'—gm'(a 1)

The usual value of I for server pipe ;s 0.03, Simifarly b

i

i

N

!

¥ equating (’:hery s formula with Manning's formula

272
('9V~—f Js ) Wecangerc- —r’ . Then equation {6} biecomes :

Ve )
v, = A '8 fkd (G~1)] ..{8)

From equation (4)
Yy rr$=y,-AS

of, s, = (ﬁ)s

o o GRE
v
o E.:E[LJW’
4 12 ¥4
gi_E _"i r 1741
o O"n(A)(E)

i whereS=§_

(@) Increase the slope

4.9 Egqg Shaped Sewer

* Circular sewersecionsare mosllyused  _

lor separate sewage system. I-

* The ercular sections are generally
prelerred lo all other shapes because of
their lollowing advantages:

(ft They can be manulactured most 150
easily and conveniently,

(i} A circular sewer provides the
maximum area for a given
perimeter and Ihus providing the J
maximum hydraulic mean dapih
whenrunning full o¢ hall [ull, and is
theielore. the mast efficient section
of these llow conditions,

{a) "Standarg™ or “Matropolitan”
Eqg shapoed section.

Fig.4.16 Typicalview of Egg Shaped Seclion -

Remember:  When minimum velocity requirernent in a sewer is no! salislied option is o
(b) Increase the dia of sewer

Q mermeee s

i
y

[ TR
i
\

—mmrmann

_

AR -
NIQ

_*("

(b} "New” Egqg shoped soction.

(iif) Circutar section utilizes the minimum quantilies of materials and is therelore tha cheapesl and
mosl ecanomical.
{iv) Acircular section, being of unilorm curvature all round, offers less opporiunities for deposits.

Allhese advaniages of circular sections are obtained only when the seclions runs at least half full,

When the depth goes below hall depth the velocity reduces considerabiy.

If a circular sewer is used lor combined system il will be eflective only during rmaximum rain water

{low but during dry weather flow, velocily generated would be vety le3s. Thus to lake advanlage of a

circular cewer, lwo such circular sewer are assumad o be combined into one lo ferm an “egg shaped

sewer” inwhich smaller circular portion vill be elfective during dry weather and full section is eifective

during maximum rain water (low:.

Two seveers of dilferent shapes are 5aid lo be hydradtically equivatent vihen lhey discharge al the

sama rale, white tlowing full, on the same grade.

The egg shaped sewer of an equivatent section, whose top diameter £ = 0.84 13, when D = diameter

of circular sewer of same cross-seclion are oblained lor passing lhe requisita discharge.

Thelr disadvantage over circular sewer are:

(i} They are more difficult 1o consiruct.

(i) Sincethe smaller base has lo support lhe waight of \he upper boarder section, they ars less
slable,

(i)  Theyrequire more material and are, therefore, more costly.

NOTE

In combined sewers, lhe varlalion in discharge could be as large as 20 lo 25 limes. Egg
shaped sewer produces 2 1o 15% higher velocity than thal provided by nydraulically equivalent
circular sewer.

4.10 Storm Water Drainage

Design of storm water drainége fequires the estimation of peak runolf rate tor-desian.
Peak runoff depends on tha inlensity of rainfall,
The intensity ol rainfall depends on recurrence interval and duration of rainfatl,

Rain of larger recurrence interval will ave higherintensity. Hence 5 year recurrence interval rain
is chosen for design, then il may lead lo flooding in avery 5-year (because the rainfall has a
probability of exceeding the adopled value every S-years and drainage has nol been designed
ior this large rainfall), If larger Irequency of rainiall is adopted in design, larger sewer will ba
required lo carry the runolf safely.

4.10.1 Computing the peak drainage discharge by the use of Rational Formula

4,10.1.1 Time of Cencentration

If & rainfall 1s applied to an impervious surface at a constant rate, the resullant runoff from the surface
would linally reach a rate equal 1o (he rainfall, In the beginning, only & ceriain 2mount of water will
reach the outlel. but alter somelime the waler vill start reaching the outlal rom the enlire area, and in
this case, he runofl rale would become equalia the rale of rainfatl. *Th e period aller whlch the enlire:
area will slart contrlbutlng Lo the runofl is called the Time of congentralion”



» Thetime of concentralion for a given storm veater drain generally consist of iwo parls.

1. Theinlel ime or overland flow time or lime of equilibrium {7}, The lime taken by the water lo
flow averlang Irom tha critical point upto the poinlwhen it enters the drain mouth.

2 0355
T, = | 0.885=
[oes?)

Intet time in hours

lengih of overland tlow inkm from the critical poml {othe rnoulh of the drain.

Total falf of level from the erilical point to the mouth of 1he drain in meters.

2. The channel flow time or gutter flow tima (7} i.e. the lime taken by he waler (o flow in the
drain channel from the mouth 10 the considered point. This may be oblained by dividing the
lengih of the drain by the llow velocily in the drain.

vhere,

T~
1 n

14

_ Length of the drain
"™ Velocity inthe drain

The tolal time of concentration (7)) = T+ T,

4,10,12 Raln Fall Intensity

The intensity of rainfall during this much of tima {lor the ”
given design Irequency) can be easily oblained fram lhe 60 \
slandard i‘me nsity duration curves or DAD cUrves. {
The value of intensily so obtained is still the rainfall 0 W L[
inlensily et the rain gauge slalion and is called the “point rainfall E sol 3
inlensily™. Inorder Lo make it effecliveover he entire catchment. & | 1A\ PREA A
area, it is necessary to multiply it by a factor called dispersion i 30 ANL €= 15Year Corve
factor ar areal distribution (aclor. Fig. 4,17 g N \\\
Thus design rainfall intensily = (point rainfall intensity) __—_Z 20 N P RN
» {area dispersionfactar) € \\?ﬁ\\ .
«  Inabsence of standard inensity durafion curves, = N e S e
the value of design raimall intensily (p,) ) -

0 10 20 3 40 S0 60 70
Duratien (miruies)

2
Pe 90{1_”-]

P, ={pointrainfallintensiry of a paricular requency)
» (area dispersion lactors)
This point rainfall inlensity 1s obtained from conlour map or maximum rainfall of a particular frequency.
Py isin cm/hr
P is in cr/nr
T inhr = Time of conceniration

Fig.4.17  TypicalIntensity Duration Curves

« The design rainfall can also be obfained {rom the formula.

o= P
T T+

vihere, p = Rain intensily in cm/r
T'= ¥ime in minules
aand b = Conslanls

75 . .
= ——— {for Tvarying balween 510 20 minule
Pr T { rying )
! 100 . .
and p= —— {for Tvarying between 20 lo 100 minules)
T.+20 .
4.10.2 Rational Formula
Q=C-p-A where, Q = Peak sate of runall {m¥s)
! L. tunolf
p = Runoff coeflicient Tain liow

. i = inlensily of rainfall {m/s)
A = drainage basin area-caichment area {m”)
The coellicrent of Runolf {C} is in fact, the impervicus factor of runoff, representing the ratio of precipitation
to runofi. Runoff coeflicient value increase as imperiousness of calchment increases. When several different
types of surlaces comprise the calchment than weighled average value of runofl coefficient is adopled.
CA, + Cohy + Cylg +.on.n. A, area has runofi coefficient = C,
Agt Ay Ay o, A, area has runolf coeﬂx:cfenl =G,
A, area has runolf coeflicient = C; gle.

Cy =

1.. Rainfallinlensity depends orn the storm recurrence interval and the storm duration,
2. Ininiensity duration curves, il 15 hr recurrence interval rein is to be adopted and time of
concentralion is 25 minules then rain fall inlensity lo be adopied will be 25 mmyhr,

i The surface water from airport rord side ls drainad to the lcngnudlnai slde
drain from across one halr of a blluminous pavement surface of lotal width 7.0 m, shoulder and adjolning
land of widih 8.0 mon one side of the drain. On other side of ths drain, water Hows across from resarve
land with average wrl and 2% cross slope tawards the slde drain, the widlh of the strip of land belng
25m. The inlel time may be assumed 1o be 10 min for these conditions. The runoff cosfiiclents of the
pavamant, shoulder and seserve land with turl are 0.8, 0.25 end 0.35 respsclively. The length of the
stretch of land parallel to the road fram where Ihe water Is expecled to fiow 1o the side drainis 400 m.
Estimate the ‘quantity of runoff flowing In the drain assuming 10 year irequency. The side drain will pass
through clayey soll wilh allowable velocity of flow as 1.33 mys. Intensity duration chart for 10 year
frequency is

Duraiion {minutes) 5 10 15 20 0
i

Ini(ansily(mmmr) 60 | 150 | 126 | 110 85

Solution: Average runoft fa]clor K for the entire area contributing discharge

K o KA KA +Kfy 0.8 {7 »400) + 0,25 x {8 x 400} + 0.35 % {255 400} :
t - {7 = 400)+ {8 400) + {25 x 400) i

A+ A+ Ay

6540
e - Q40875
2800 + 3200 + 10000 040

Total area 16000 m? = 1.6 ha

1]




Time of concenlralion
=T5+T, 400
T, = channel flow lime in drain = —— =300 sec = Smin
4 ., 1.33
= 10+5 = 15 min
Corresponding of 7, rainfall intensity = 125 mm/hr !
= P = 125cmir

\
Peakdischarge O, = ==K 724 = 35X 040875 12.5 x 16 = 0.227 m¥s

[

._'E;}’e'mip"le-ﬂ:&;;»,_i comblned sewsr of a circular section is to bs latd to serve a particular area,
Calculats the size of this sewer {rom the loliowing date: ‘

Area to be served = 120 heclares

Population ' ‘ = 1,00,000

Maximum parmissible flow velocity = 3m/sec. !
Time of entry lor sirom waler = 10 minutes

Tima of flow In channel = 20 minutes

Per capita watsr supply = 250 litras/day/parson
Coslliclent of run-off for the area = 0.45 ) .
Hourly, Maximum rainfall for the area

at tha deslgn frequency = 5¢m

Assume any other dala not glven, and il needed.

Solution: Sewage Discharge (i.e. D.W.F; computations.
Average water supplisd = 250 » 1,00.00C litres/day
250 x1,00.000
= 1000% 24 x 60 % 60
Assuming that 80% of the water supplied appears as sawaga, we have
Average sewage discharge = 0.8 »0.269 = 0.23 cumecs
Assuming the maximun sawage discharge to be 3 limes the average dischargs, vi2 have

=0.289 cumecs

Maximum sewage discharge = 3 x0.23 = 0.69 cumecs
Stormwater discharge computations
Time of concentration T, = Time of entry + Time of llow = (10 + 20) minutes = 30 mimiles

Now, maximum hourly rainfall for the area = p, = 5 emfhr.

2 v
FPo=1s [ﬁ}
. M 30
where T,.is the concentration time in hours = i 0.5hour
) 2 10
- = £ _ = —=8687cm/h
Pe 5[1+0.5) 15
Now, using rational formula, we have

= Qp= -—T-XOJ\5XE.S7 x120cumecs = 10 cumecs

n
Mayx. storm run off 38

Thae combined maximum discharge ‘ t
= Storm run-ofl + Sewage discharge
= 10 + 0.69 = 10.69 cumecs.
Now assuming the sewer 1o be running full a1 the maximum velocity of 3 mfse¢ al lhe lime of maximum
{low, we have

10,69
Arearequired = % ---5-—m2 =3.56m?

’4
< Diaof sewer pipe required = Vz %356 = /453 =213m

Hence, use a sewer pipe of 2.13 m dia. i

4,11 Sewer Appurtenances‘

Sewer appurlenances are those slruclures which are consirucled al suilable intervals along a sewerage
sysiem and helpinils efficienl operalion and maintenance. These devices include;

3. Manhales 6. Caichbasins
2." . Drop manholes 7. Flushingtanks
3. Lampholes ) 8. Greaseand Qitvaps
4. Clean-outs 9. Inverledsiphons
5. Streetinlets called Gulties 10.  Slomregulators
4.11.1 Manholes
: Ilanhoky
i Covr  Ground
e LN / va . A
AGCHSS
]/
17/ / Stab
0ps i
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At §I_IWNking Chambar ﬁ - -
walls =4 Brnn:h;‘ f"
- . V] 7 Servgt r/ o
- > [ Branch [/] '
;_ ‘ ,/,' |, Benshing  Sawor |74 "
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; .
%
%
7
A Soction A-A
Fig-1.18 DeepManhole

»  Manholas are masonary or B.C.C chambers, consirucled at suitable intervals along the sewer lings
lor providing access inio them. Thus it help in joining sewer {engths. intheif inspection, ¢leaning and
‘mainlenance. : ‘ :



» Themanholss are provided at every bend, junclioh, change of gradienl or change of sewer dia.

« The largeris the diameler of 1he sewer, the greater will be the spacing belween the manhole,

+ Depending upon their depth the manhales are classilied as
{iy Shallow manhcles {ii} Normal manholes
Componenl of Manhale:

{ili} Deep manholes

4,11.1.1 Access Shaft
¢ The upper porlion ol a deep manhole is called access shall, ) )
«  lls minimum size for a recranguiﬂr manhole is about 0.75 % 0.6 m and [or a circular manhole, the
minimum diameter is about 0.6100.75 m.
4.11,12 Woarking Chamber !
» Thelower porlion of the manhole is known as the warking chamber, as il provides a working space for
inspecling and cleaning operalions.
« Heightof chamber 1.8 mor more
Minimum size of Reclangular manholes =~ 12mx09m
Minimum size of circular manhole diameter ~ 1.2m

4.11.1.3 The Benching
*  Tne bottom portion of lhe manhcle is constructed in cemant concrete.
* A semicircular or a U-shaped channeal is generally construcled and the sides arc made 10 s!opa
towards it.
» The concreling is known as banching and lacilitales tho entry of sewage into lhe main sgwer.

4,11.1.4 The Side Walls
+ The side walls of (he manhole are made of brick or stane masonry or R.C.C.
= The minimum lhickness of the bricks walls should be 22,5 cm
»  [=10+ 4d {Jor brick wall)
where { = lhickness of wall incm
d = Depth of excavalion in melers.

411,15 Steps or Ladders
» Steps are generally provided for descending into the manhole.
+ The steps.are made of castiron and are placed staggered al a horizortal dastance ol about 20 em
and at a verlical cenlre o cenlre dislance ol about 30 ¢m.

4.11.1.6 Cover and Framc
« The manhole is provided with a castiron cover and a casl iron frame at ils lop.
¢ The thickness of (he frame is aboul 20 (0 26 cm and its base is aboul 10 cmwide.

Do you know? Sewer cover is always circular because il can never drop down in sewer.

4.11.2 Drop Manhole
*  Whean the branch sewer enters @ manhote by more than 0 5 (0 1.6 m above the main sewer, the
sowage is not allowed 10 fall directly, but brought into it through a down pipe.

* it Ihe drop is only a few meters,
{he down pipe can be kept sloping
{at 45° (o the ground), and if drop
is more, a vertical pipe is found to
be economical.

* The manhole in which a verical
pipe is used is called a drop
manhole, where as, the one using
an inclined pipe is called a ramp,

* The drop manhole serve lhe
lollowing putposes.

{iy 1t avoid a lot of earth work
excavation

(i) The sewagse lrickling into the
manhote from the direcily
placed branch sewer is likely
to {alf on persons vawking inthe
manhgle. This is avoided in

+  drop manhioles.

» A plug is provided at the point where branch sewaer, it taken siraighi, intersects the wall of the
manhole. The length of ihe branch sewer between lhe vedical pipe and ihe plugisknosm as inspeclion
arm and can be used for inspecling and cleaning the branch sewer after opening the plug.

Fig.4.19 Atyplealsectlonof drcular drop marhole

4.11.3 LampHoles

* Lamp holes are the small openings on sewer 1o permil the insertion of a lamp inlc the seyer, The
lamp lightis then viewed Irom the upsiream as well as downsiream manhotes. The obsirucied light
conlirms the obstructions in the sewers.

» liconsists of & vertical cast iron or stone warg pipe {20 i 30 min dia) extending rom the ground and
connected lo the sewer line through a T-junction. The verlical pipe is surroundad by concrele tomake
it stable.

«  Thelampholes are adopted when

(i} abendin seweris necessary
(i) construction of manholes is dillicult
(i) the spacing of manholes is more than the usual

» Besides ils principaluse as aninspeclion device, alampho!é can be used as flushing device and it
its cover is kept parfprated it can be used for ventilation of

Grownd - Caver
sewer. inwhich qaselamp hole is known as a fresh air infet. \
. =
4114 Clean-Outs B cm_mmw\
«  Aclean-out is an inctined pipe extending from the ground Sower Pipe

and connecled lo the under ground sewer. A clean-oul is
used for clpaning scwer pipes.

—

Fig.4.20 Clean-ou

» Aclean-outis provided al the upper ends of lateral sewers
n place of manholes.




. N ) ‘
» A clean-oul consisls of a remaving Lhe top caver and forcing waler hrough the clean out pipe to
lateral sewers lo remove obsiacles in the sewer pipe.

4115 StreetinletsorGullles 4

Flg.4.21 Showlngthelocations of storm sewerinleisat stroatinlersections.

+ Intetsare gullies oropenings onthe road surtace althe lowest paint lor draining rain water {rom roads
and admilting it into the under ground stormwater sewers {drains) orcombined sewers.

= These inlels aie located along road sides at an interval of 30 m 10 60 m. '

= Asiregtinletisaconcrele box ﬁaving gratings or openings invertical or horizontal direction, Former
is called verlical inlet or Ing curb inlel and latter is called horflzomal infet.

_.Cavor with | Foot path
Curb yith oponings Gratings \
Rond (nrd gratings /‘ Foct pith

Rn“d |“JU“UHI’[U""["'“ |
—% amear | :

Convata
Box

Fig.423 Horzontalinlet

Fig.4.22 Verticalinletorcurbinlet

4.11.6 Catch Basins or Catch Pits

»  Caich Basins ara nothing but street nlets provided with addilional small setlfing basins.
»  Grit, sand, debris etc. do settle in these basins and tharr entry into the sewer is thus prevented.

*  Hood, isalsoprovided, which revents _Roud campmy :‘:";;‘:ﬁ:‘g’g ings _Footpolh
the escape ol foul gases through the L S e S T
sewer line. K
¢ |t requires perindical cleaning. N Haod ;
otherwise, the settled orgaric mater > #
may decompose, producing foul p E’ Side Wal
smel. ; ' “‘Ky 3 & /ot Ctiarmber
N 7
4,11.7 FlushingTanks ‘o%&y 3 3
« Flushing devices are installed 1o
prevent blockage ol sesver pipes, in
the casa of sewer laid on flal gradienls
nol producing sell cleansing velocilies

or near the dead eng points of sewer.

* These devices slore water lempovarily,

and throw it into the sewer for the
purpose of {lushing and cleaning the sewer. .

«  The capacity of flushing lank is equal to about one tenth of cubical contents of the sewar line sarved
by it. ' )

*  Twolypes of flushing oparations are normally used:

(i} Flushing operalion using automalic flushing 1ank
(i) Hand operated flushing operation
{i} Automatic Flushing Tanks
’ *  Flushing operalion is carried out automatically
" alregular intervals {Fig.4.25}.
e The eniry of waler is requlated according to
the periad equal lo the flushing interval.

(i) Hand Operated Flushing Operalions: The
flushing andl.cleaning of sewers can be carned
out al suitable intervals by means of manual
labour. i

4.11.8 Grease and Oil Traps

Fig.4.24 Catchbasins orcatch pils

GL.
TIRTE

—
walar

inkot plpe

» Theso trap cpqmbnr are construcled in a
sewerage sysiem lo remove oil and grease from
the sewage belore it enters into the sewerfing,

» . Theyarelocaled near sources contributing grease
and oil lo he sewage. .

*  The removal ot oil and grease arg necessary because of Ihe tollowing reasons:

(i} The grease and ¢l will stick to the sewer sides and 1hus reducing the sewar capacity.

(i}  Tresuspended mauzrlown along with Ihe sewage also slicks to the side of the sewer, due
10 sticky nature ol ol and grease, thus further reducing sower capncity.

(i) The presence of oll and giease in lhe sewade adds to the possibililies of explosions in the
SBWETS, o

Fig.4.25 Automaricflushingtank

—



(iv) The presence of oil and grease in sewage makes lhe sewage treatment dillicull as (heir
prosence adversely affects the biochemical reactions

* Thegrease and ail being lighler inweight, lloal on the top surface of tha sewage. Hence, if an outipt )

draws the sewagse Irom lower level, grease and oil will excluded.

Inlet vith
Greasa :
andoil  Sreling Cover
L | \ 6L _
'N Sy

[V 15em "

Flg.4.26 Greaseandollirap

4.11.9 Inverted Siphons
* YWhenever a sewar pipe has 10 be dropped below the hydrauhc gradlenl line for passing i benealha
valley, a road, a railway. a slream, a lidal esluary or any other depression in the earth's surface or
where i passes beneath some olher obsiruction in its path, it will be known as an inverled siphan or
depressed sewer or a sag pipe.
o The sewage through such a pipe line vill not o under gravity, butvill be llowing under pressure (as
in the case of waler pipe lines). :

NOTE w Aninveried siphon is (hus a sewer section conslrucled lowar than the adjacent sewer

. sections, and il runs full under gravily with pressure greater than the almosphere,

®  Aninverled siphonis usually made of siphon wbes or pipes made of cast iron or concrele,
These pipes are Jaid between the inlet and the outlet chambers {usually at same eevalion).

= The pipes bolween these ends are depressed for passing below obstruclions fike roads,
‘railways, river or any other ground depressions. Theinverted siphon laid between theinlet -
and the outlel chambers consistof two sloping pipe lengths joined by a llat pipe lengih,

4.11.9.1 Design of an Inverted Siphon

» The proper design of snphonq s very imporlant; as otherwise, they are likely lu be clogged and
becaome ineificient, '

* The siphon should, therefore, be designed lo develop a sell cleansing velocily of about 0.9 nvsec
even during nunimumn discharge.

»  Forthis purpose, the nverted siphan is usually made of fhree pipe sections iaid side by side. One of
these channels is meant for carrying minimurm sanitary sewage, the other dne for maximum t:'ml!ary
sewage. e third one for carrying combined llow dufing monsoans.

. ]he infet chamber inlet contains three channels one for each pipe seclion, When channe! no 1overliows,
the sewage enlers channels no 2 and pipe no 2 starts functioning. Simifarly, when channel no 2
averflows, the sewage enlars channel no 3 and pipe no 3 starts functioning.

* Three channels are provided for combined sewers. For sanitary seviers only two pipe sections willbe
required one for minimum dry wealher fiow, and the other for maximum dry weather flow,

* Addilional points must be kept in mind while designing these inverled siphons.

(i) W the length of the siphon is more haich boxes alinterval of about 100 m shauld be provided
for facility of rodding.

(i}  The changes of direction of inverted siphons should be easy and gradual.

{iiy The design of siphons should be made on the basis of pipes running full under pressuse. ltis
therelore necessary {o know the maximum available head. The greater is this available head,
the belter sefl cleansing of tha siphen will occur, Also the losses including the loss ol head duc
a [riction, losses due (o bends and losses at the enlry should be properly calculated.

giv) The inlel chamber should be provided with screens, 5o as 1o remove the coarser silt, debris,
grit etc. from the sewage before it enlers the siphon pipes.

{v] The minimum diameter of the siphon plpe 15 1aken as 1516 20 cm.

{vi) Manholes should be provided al each end of Ihe siphon to enable barrels 10 be gleaned.

(yii) Itis anvisable to provide a diversion for the siphcn. Hance when the siphon either gets choked,

' or overllows due to surcharge, the llow of sevrage can be diverted.

NOTE: There should be no vacuum anywhere in the siphoni.e. 1he pipes should run full, although dueww:de
lluclualions in sewage llow, Ihe same is very difficull to achieve.

4.91.92 Demerits of Inverted Siphon
{i) Itis most likely Yo gel silted, as the down gradient is not continuous, when once i gets silted up,
it becomes very dilticult to clean it up.

(i) Ifthe intsl chamber is not properly designed, the oating matter present in the sewage will separale
oul and will accumulale in this chamber thus seriously affecting the proper v vorking of this chamber,

(i) Itis nol possible lo give side connections fo the inveried siphons.
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F ig.4.27 lavenedsiphon
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4.11.10 5torm Water Regulators or Storm ReliefWorks

.

Storm regulziors may be of the Iéilowing lhrea lypos ;

i

i}

Storm water regulators are conslrutted in the combined sewage system and permil the diversion of
excess slorm water into nearby streamn,

These are used for preventing over loading of sewrers pumping station, reatment p ants by diverting
Ine excess liow lo relief sewers,

Leaping Weir: The-leaping weir arrangement consist of
an opening in the inven of the slorm drain {or combined
sewsr} Ihrough which the normal storm flow is diverted
into the intarcepling sewer and the excess flow leaps
over the combined sewer lo flow into the nearby streamn.

Vinen tha sewage discharge is §m‘! the sewage will fall
directly into the intercepling sewer through the opening.
But, however, whan the discharge exceeds certain limil,
lhe excess sewage leaps or jumps across the welr and it
is carried to the natural stream.

The leaping wer is a good regulator, but in heavy slorm,
most of the flow may leap over the cambined sewer and
only smali quantity maybe feft in the sewer, which may
result in low velocity and thus creafing silling problems.

OverflowWelr: inthis type of arrangement, the excess sewage is allowod 10 overflow the combined
sevier in the manholes, from where il enlers into a channel carrying it into a storm water drain or
directly into a stream,

Inorder to prevent the escape ol the lloating matter from he combined sewer, adjuslable plates may
be used.

Inancther type of arrangemenl, opening at suilable higight above the invert of (he se #ar are provided
al suilable intervals along the length of tha combined sewer.

These opening are then joined to a slorm water drain, which is faid near the combined sewer.

The excess sewage abave this fixed height is thus diverted and conveyed 1o the natural strearo or
the river, through the stream waler drain.

Combined Sowar Adjudtoblo Crost
N )

Fig.4.28 Leapingwolr

{1} Siphon Splilway : The siphon spillway arrangement is used lor divening excess sewage discharge

form the combined sewer.

This melthad provides the most effective type of a slorm refiel work.

lLis an automalic process and works on the principle of shiphonic aclion. The shiphonic aclion starts
when Ihe sewage in the combined sewer rises above a (ixed leve! (i.e. crest level of siphon} and
stops as soon as the seswage lalls below Ihis level.

Tha level of the crest of the siphanis generally kept al the level reached by 1he low in the combined

- sewer during the period of maximum dry weather llav/,

L Combined spwer

ESO AT & :
Storm waler deain or overflow channel

Fig.4.29 Siphonspillway typeof stormegulatar

Malntenance, Cleaning and Ventllation of Sewer

Ventilation of Sewer: The sewers must ba properly ventilated lor the lollowing reasons.

The decomposition and putrelaction of
sewage inside the sewers may resull in
lhe production of various sewer gases

such as H,8, CO,, CH,, GO, MMy, N, fg;;‘ >)
These gases are disposed of inlo the L .. Gases from
. atmasphere by expasing lhe sewage lo sewer
the oulside atimosphere by suilable I Verlical shafl
melhods of ventilation. Foot-path 17 oreoluma
Road
Methane gas being kighly explosive, il Y | ; [T
not removed may even blow olf the '
manhole covers and thus haye atendency )

. T anneciiol
tointerlere with llow of sewage. ﬁ*- Clu mfm”
Anoiher reason lor veniilating sewer is to saperw“
ensure a conlinues llow of seviage inside

™~ Foundation
block

-

lise sewer is achieved by venlilation by
keeping the surface of sewage in conlact
with free air and thus preventing the
formalion of air locks in these sewage,

Flg.4.30 Venlilating column



4.12 Shape of Sewer Pipés

{a) Circular shaped sewer: Mosl widely used lor all type of sewer.
{b) Standard egg shaped sewer: Preflerred for combined sewer,

Fig.4,31  CircularShaped Sewer Fig.4.32 Standard Egg-Shaped Sewer

{c) Horse shoe shaped sawar: Used lor large sewers wilh heavy discharges, such as runk and oulfalt
sewers. .

Fig. 4.33 New Egg-shaped Fig. 4.34 Pambolic_shaped sewer {may
sewer (may be preferred for be used for camying comparalively
combined sewers) smaller quantilies of sewage)

{d) Parabolic shaped sewer; Used for carrying comparatively smaller quantities of sewage (Fig. 4.34)
Available size ranges and description of commonly used pipe lor gravily llow sewer.

Table; 4.7 Avallable size ranges and descriplions of commonly useed pipe for gravily low sewers

Avallablo
Typo of Pipe Size rangs, Description
. mmfinch
Asbaslos cement [AC} 100-800 | weighs less Ihan olher commonly rigid pipes. May be

Ductile iron (D) - 100 - 1350 | Oflen usod for rivor crossings and were (be pipe must support

(4-38) | susceplble to acid comosion and hydrogen suffide altack,
but if properly cured with sleam at high pressure {auloclave
process), may be used aven in enviconments with moderately
aggresslve vwelers or soil with highsuliate content.

(4-54) unusually high loads, where an unusually leak prool sewer is
required, or whara unusual root problems are likely to develop,
Ducllaron pipes ara susceplible to add comosion nnd
hydregan sullide altack, and therfore should nol bo used
whero (he goundwaler is bradash, unlass suilable profective
measures emiaken.

Reinforced concrele (RC) | 300-3600 | Readily avallable In mostiocablles. Susceptible (o cormosion of

Prestressed oncrele (FC) | 400-3800 | Espedially sulled to fong fransmission maine without bullding

Polyviny! chioride (FVC) 100-375 | A plastic pipe used for sawers as an allemative lo asbestos

Vitified clay (VC} 100-800 | For many years the most widely used pipa for gravity sewers,

(12-144) | interior If the almosphere over waslewaler contains hydrogen
sulfide, or from ouiside if buried in &n acid of high-sullide
onvionment

(16-144) | comnections and whers precautions sgainst Jeakage are
required, Suscaplibliily 1o corrosion {ths same as relnforced
conerolo)

{4-15) | cement and vitrified-day pipe. Lightweight bt strong. Highly
! resistant lo comosion.

(4-35) | still widely used in small and medium sizes. Resistanl lo
comosion by bolh acids end alkalies. Not suscoplible lo
damage {rom hydrogen sulfide, but is brlile and susceplible
labreakage.

4.13 Corrosion of Concrete Sewers Due to Biclogical Reaction

H,S in sewer is usually produced by bacteriological reduction of sulphates.

H,S gas by itself is not injurious o cemen! concrele. I gels readily oxidsed by dissolved oxygen or
by several bacledial species.

In the presence of air, H,S gels oxidised lo H,S0, and this sulphuric acids reacts with the cement
conslituents of concrele.

Aclually, it reacts pillv (he lime in the cement concrale o form CaSO, which in turn, reacts with the
calciumaluminates i {he cement to form calcium sulpho-aluminates which cccupy a greater voiume

~than the compound Ihey replace. This leads Lo expansion and disruplionof concrele sewar,

Remember {} Sloneware pipes are highly resistant 10 sulphide corrosion, and therefore, preferred for

#

carrying polluted sewage and Industrial wasles.
(i} The usual practice is to use vitrified clay (or slone ware or slab-glazed sewers) pipes of
smaller diamneter and cement concrele for larger diameter for carrying sewage.



4.14 Methods of Ventilation :

Fallowing methods are adopted for 'Qenmaling lhe sewers:
()} Use of ventilaling columns: *

= Thevenlifaling columns or shalls are placed al intervals of 150 10 300 malong the sewer lings.

They are also provided al lhe upper end ol every branch sewer, and also al every change inthg
sizg of the sewers.

*  Thevenliaing columns are generally designed to serva tw purpases logether;'one for ventilating
the sewer and other for warking as a suppur for sireet Iampg. sign boards elc,
v Thediameler of the ventilaling column is kepl equal 1o ohe Ihird of the dia of Ihe sewer served
by it ' ‘
(i} Use of Vantlating Manhale Govers: ‘
* Themanhole covers are some limes provided vith perforalions th rough which the sewers gets

exposed lo the almosphere, Bul it will cause more nuisance, as the bad smells continue o
eruplfromthem,

= The openings of the manhola cover will permit admitting ’Iarge quantitias of storm waler and
olher raad dust ete. :

¢ lthas nopractical utility except that it may be adopted in vary isolated places,
{i) Proper Deslgn of Sewers: )

*  Thesewers should be praperly designed as running hal or two third tull, thus reserving the top
space for the sewer gases.

¢ Thevelocilyinthe sewer shoufd be selt cleansing so that sewage doas not slay at one point for
longer periods.
{iv} Uss of Machanlcal Devices:

. Forced draught is sometimes provided by exhaust fans to expel oul the foul gases from the
sawers.

{v) Unobsteucted Oullets:
* Inthecase of storm water drains or sewers, they can also act as pariial ventilation.
(vi) House vent and Solil Pipes;
¢ Theymaydirectly helpin venlilaling house drains and public sewsers, where interceplors are nol

*+  Medium sized sewers are generally cleaned by using scraping instrument, which are dragged through
the sawer, Crane rod is used for Ihis purpose.

4.36.1 Precautions to be taken while entering sewers

*  Various paisonous and explosive gases are found present in sewier are: H,S, CO, and CH, along with
petro! vapours, These gases are largely produced when fthe sewage gets slale and septic.
» fFollowing precautions should be taken while allowing he workers to enter (he sewers,

(i) Openthe manhole atleast hall an haur in advance. This wi@l helpin obtaining some ventilation
and exposure of the sewer 1o Ihe almaspheric oxyger.

(i) Tests should be carried out to detec the presence of any hazardous gases inside the sewer,
The lallowing tasts may be carriad out to detecl their presence:

{2) H,S gas may be detecled by exposing a sheet of paper moislened with lead acelale fc?r
§ minule near the sewer enlry. If the paper Wwrns black, the presence of H,S gas is
indicated. )

{b) Presenca of CO, gas may be delecled by lowering a minors safety lamp near the level
of sewage in lhe manhole, If the flame extinguishes within 5 minules, the presence of
€O, gas s indicated, o ‘ :

(c) The presence of methane (CH,) gas may be detected by loworing the minor's s_arefy
lamp in the upper layers of sewer, methane, being lighter than air is generally present in
lha upper layers of sewer.

(iii)  Ifthe hazardous gases are absenl, a lighted lantern may be lowercd down the manhole, so
as lo tesl the presence of oxygen. If il burns brillianlly, the sewer can be salc 1o enler,

{tv) inany case. the warkers going down lor inspection must ba tied with ropes to their vaists
and they may be held tast by the person on top, so that lhey may be immediately pulled up
in‘case of any rigks,

{v)  Any smoking or carrying of naked lights insicle the sewers are strictly-prohibited,

{vi) Necessarywaring signals should be erecled.

provided onthe sewers connecting houses and hitdings.

‘ @{i@- ?Illustrgﬁve Examp]gs ‘

Egia’iﬁﬁ!feh.“:}_ ) Atown hé;-t-a population of 100,000 parsons with a per q v
capita water supply of 200 litre/day. Design a sewer running 0.7 times Iull at Q v
maximum discharge. Take a canstant value of 7= 0.013 at &ll depths of low. The | 0.196 | 0.776

sewar is 1o be lald at a slope of 1 in 500. Take & peak factor ol 3, {Take self | 0.088 | 0.615
cleansing velocily = 60cm/s) and adopl.

4.16 Cleaning of Sewers - Solution:

4.15 Maintenance of Sewer

* Sewermainienance nvolves their cleaning to keep them frec from any clogging and to carry oul the
fepairs lothe damaged portions. i

*  Sewermainienance gerisrally includes thair requen; inspection and supervision, measuring the rate '
ol flow, cleansing and ftushing, repairing the leaking joinis or any other damaged portions.

i Tolal Waler supplied = 100,000 = 200 = 20 x 105 lires/day
*  Sewers should be periadically cleaned so as to avoid their complete clogging. ola " SURpD!

el
* Forcleaning small sewers which can not be entered into by manual fabour, lushing operations are : = LA 0.2315 cumecs
© essential : -10% x 24 x 3600




Assuming thal 80% of the water supplied 1o the town appears as sewage, we have average discharge
in the sewer
= 0.8x0.2315 = 0.185 cumecs
At a peak lactor of 3
Maximum discharge = 3 x 0,185 = 0.556 cumecs )
Since Ihe sewer is lo be designed as running 0.7 times the full daplh,.

o
—= =07and
D 0.7 an

q = 0.556cumecs
For asewer running partially [ull

o d
08— = 1-22
[ 2 1 20
=1-2x07=-04
. -[-,- = 113.568%
2
9= 227.16°
sin & = -0.7332
n o[ 8 _sind 22716 07332
BRELY, 3 R LA I 2 3
a= 7 [350 o ] = o?[ %0 " ox ]_0.5570 )
R 0 22016
Perimeter, p= !TDaB D= 360 1,9820
) a _0587.0° '
li , = e = (],
Hydraulic radius r 5 108D 02060
Now, g= _’1; artt3 guz
. "
= 0. 0.
0556 0013x 7 0F (02960 (500]
of D% = D.BIS0
“Fromwhich D= 0835m

Check for self claansing velocily al maximum discharge
r= 0286 0=0.206 x 0.835 = 0.247 m.
Ve .
= Lpdragve 247?/3( _ !
v nr s 013(0 " lag) = 1356mis
This is much more than the sell cleansing velocily of 60 cm/scc
Check far self cleansing velocily at minimum discharge. -

- 1.,
Now assumiag that minimum lovw equal lo 3 limes the average llow,

a

i

- [%Jxo.ms = 0.0617 ms

al® -
4

2/3
Full flow discharge = 1[—[—]] she.
nl 4

273 /2

- 0313(0?135) (ﬁ) x (0835} = 06625 mls
Qp, _ 0185 _

"0 T 3x06625 0003

V.= 06625 =121mfs

T z
X(0.835

v=0.753m/s>0.6mys

A comblned sewer of clrcular ssction Is 1o be deslgned In a sewage system
for a cily with & population of 100000 in an area of 100 hectares. The mean flow of sewage from the city
is 250 litrefcepita/day. The rainlall Intenslty In the area Is 4 cm/nr. The coefficient of runoH of the area
I5 0.48. Tha ratlo of peek o average sewage flow Is 2.0. The Manning’s roughness coafficlent is 0.012
and the Hazen-Willlam’s coafiiclenl Is 85, Using Manning's equation and Hazen-William's expression,
delermine the gradient of the sewer to carry the paak flow with a velogity of 1.2 mjs. B

Solution:
Given Population = 100000
: Area = 100ha
Maan flow ol sewage = 250//c/day
Rainfall intensity / = 4 cmvhe

K = 048

n= 0012
Ralio of peak to average sewags llow = 2

Dischaige O, = % ki = —deBxdxtO@ 5.33 m¥fs
Average sewage discharge = 100000 % 250 =029 mYs

86400
Peak sewage discharge = 2x0.29=0.58 m¥s
Total average discharge = (5.33 + 0.58) m3s
' Peak valocily = 1.2m/s
1

i " Areaof sewer = T:d.SZSm2
Let dia of sewer is O L
= Area, % © = 4926m?
D= 2505m

According lo danning's formula

2/3
1
Flow velocily, Vo —~(9) svz




12 = ! (g'_sgg.rfasl/?

0012\ 4
- . 5= 3869x10%
According to William Hazen's lormuta,
.V = 0.85C,x 089 go5e
= ¥ 8 =8739x10%

Exanipie 4.7 ¥ sowsr of circular section is to bellaid to sarve an area of 100 ha
with a population of 90,000 supplied with waler at 200 litras per day. Assumling an imparmeabifity faclor
ol 0.50 and tims of concenration of rainfall °f as 20 minutes. Calcuta'ts the size of the sawer when it
has to run full with a velocity of 0.3 m/s, Assume suitabla coef ficlents for 'a" and ‘6’ In the equatlon for
R, Inlenslty of ralnfeli relating 10 °t", the tims of concentration.

Solution: ,
Given, Poputation = 90,000
Area = 100ha
Water supply = 2001ilres per day
X=050

Time of concentration = 20 minutes
Full velocily = 0.3 m/s

. a
Let crilical rainfall intensity =
‘ siy b+Te

a=75and b=10
NS A= L] = —~~—-?5 ‘
Te+10  20+10
- R=25cmhr

Peak discharge, Q= -:;;kiA = :-;Er. 0.50x25x%100 = 3.47 m¥/sec
0

90000 x 200 3 .
85400 % 10™ = 02083 m¥s

Avarage sawage discharge = 0.8 x 0.2083 = 0.1666 mYsec
Peak sewage discharge = 3 x 0,166 m¥s = 0.5 m¥s
Totaldischarge = 3.47 + 0.5 = 3.97 m¥sec
Given full velocily = 0,3 mfs

Average water discharge =

Arcaol sewer = %%7- =13.24m?

Take sewer as circular g D? =13233 |
& D=41m

. 250 WG Calculate the velocily and disch;;g-z;_t.hrough a reclang"u!ar concre—ta l‘h.wed
smooth channel 2.4 m wide and 1.2 m deep built 1o a stope of 1 In 200, when running complately full,
Use Bazin's coelliclent in Chezy's formula as:

.

~—1—i'—5— where, K = 0.3 for smoolh conerete lined surface

. 181+ X
RN
Sofution:
Areaofchannel = A=24m x 1.2m = 2.88 sq. m,
Welledparimeter = P= 24+ 1.2+ 1.2+ 24=79m ..{Running tull)
‘A 288
2 =z — 4

p =g =04m

{ 157.6 1.57.8 1676

Nows, C= . = = = 6B8.99
181403 18140474 2284

Using, Chezy's lormula, we have
V= . JF5 = 63.99,}0,405«.?;6 = 68.99 x 0.0447 = 2,08 m/sec

0= AV =208 x 283 = 8.88 cumacs

Discharga

.éga'm'p!_ 8 Dosign an oulfall circular sawer of the separale syslem for a lown with a
populalion of 1,00,000 persons generating sewage al the rate of 180 lires per head per day. The
sewar can be lald at a slope of 10 In 10,000 with n = 0.012. A self-claansing velaeity of 0.75 mfsec is to
be developad. The dry weather llow may be taken as 1/3 of the maximum dlscharge, Giver the lollowing
fable.

Proportlonate | Proportlonate Proportionato “
Depth Velocity Dischargo
0.31 0.7901 0.2086
0.35 0.8430 0.2628
0.37 08675 0.2981
0,39 0.8509 0.3217
040 0.9022 0.3370
042 0.9289 0.3682

Solutfen:
Populalion = 1,00,000
Average rale ol vater supply = 180iilres/personday
<~ Average rate ol wdter supplied per day = 1,00,000 = 180 lilrcs

1,00,000x 180
100024 x 60 x 60

OW.F = 0.208 cumecs
Iaximum discharge = 3 » 0,208 cumecs = 0.624 cumecs
Letus design (he sewer as running full at maximum discharge
Using Manning’s formula, we have

a=lamn. 5
n

- Average rate of water supplied in cumecs = cumecs = 0.208 cumecs




Assuming that the sewer is laid at the avaifable slope of 10in 10.000 ie. 1in 1,000, wa have
1

8= Tom0

Pulting the values in Manning's equaticn, we have

2/3
0624 = ..1_(5 ")(Q] -1 )
0012\ 4 4 V1000

or 0% = 0.758
o D= (0.758/%=0.915m
Now, velocity of flow at full llov
V:%:ﬂu = 0.95 mfsec L
g(o.sns]z

This is more than 0,75 m/sec, and hence salislaclory.
Lel us check for the velocity at D WE
1

g
At D.WE = = —=0.333
Q@ 3
From the given table, corresponding to Lhis discharge ralio, we find -
Depthratio - 8 =-0.40
epthrati p =0
Velecily ratio % = 0.9022 (given)

Hence, the velocily developed al D W.F.= 0.9022 » 0.95 m/sec = 0.855 m/sec
This is mare than 0.75 mysec and, therefore, satisfactory,

|

NOTE: If the velocily al D.W.F. works owt lo be less than 0.75 m/sec, thenincrease the designsio,
increasa dia of sewer.

._lmportant Expressions

Ve Valﬁcily ol flove
f? = Hydraulics Radius
S = Stope of sewer

; [ R
1, Manning’slormula, |V = — &7 -5 where,

vibere, G, = specific gravity

2. Shield's farmula, V=

d, = Parlicle size
k, = dimension size constant
3. In partial llow of circular sewers

a_ 1[-,-035&}
2 2)

5 A = hydraulic radius

n = manning coellicient

pe or ry wilth

—

-

a_& _sina

AT 360 2n

I_3/A_, 30sin«

R p/P Znu.

v N[rm

v nlR

q_r,8
9TV a

NOTYE: Smal lelter represent hydraulic elements under pariial fiow and capital iciler fep:esen:sﬁaehydrauiics
elements under full lfow conditions,

Nfr
n\AR

/8
4, Equal degree of sall cleansing, ; = ~{—)

5. Runoff ecellicient or Impermeability Facler, C,, =

CiA + 0ol + CaAn ...
A+ A+

6. Ralicnalformula lor discharge, Q= Cid

C = Runollcoelficient,
i = Intensity of rainfall,

QO = Peak rale of runoll
A=Calchment araa

7. Rainfall Intensity

T = Time of concenlration

Y -
A T

75

J= m fOr, 5% TCSZO
100
i= Tra0 for, Z<T, <100

Summary

The afignment ol the sewer is marked along the read with a theodolite and invar tape.

In combined sewar sysiem, slorm vaaler dilutes the sewage and hence its steength is
reduced an{ also self-cleansing velocity is easily achieved.

Design ol sevler is based on peak liow discharge, however al least ance in a day, self
cleansing velocity must be achieved.

Slope of sewer should be designed for minimum permissibla velocity at minimum fiow.
When minimum velocily requirerment in a sewer is not sufficient, oplion is fo increase the
slope or increase tha diameter of sewer.

Tha siphon spiliway avangement is used for diverting excess sewage discharge from the
combined sewsar.
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Q.1

Q.2

Q3

Q4

a5

1
o3

A combinod sevier is one which transports

{a) domestic sewage and slotm water

() domaslic sewage and industial wésmﬁs

{¢) domeslic sewage and over head flow

{d} domestic sewage, industrial wasles and -
stormvater

A 20 cm diameter sevrer is laid at.a slopel of
0.004 and is designed tocarry a discharge al
a depih of 10 em with Manning's n = 0.014,
the design discharga is liefsec,

The drop manholes are provided in sewerage

syslemwhen thereis

{a} changeinalignmentof sewerline

{b) changein siza of sewers

{c) changeinthe elevation of ground laval

{d) change from gravily system to pressure
Syslem

At the same mean velocity, the ratio of I'ead
loss per unit length for 2 sewar pipe flowing
full to that for the same pipe flowing half fulf
would be ’
{a) 20

{c} 1.00

b) 183
{d) 081

An exisling 300 mm diamaler circular sevier is
laid at a slope of 1 : 280 and carries a peak
discharge of 1728 m¥d. Use the partial fiow
diagram shown in the given figure and assume
Manning'sn = 0.015.

-~

w97

20

g 0.8

] v ¥

]
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Parilal flow dlagram for clreular sewer

Qs

Q7

Qs

Qo

At Ihe peak discharge, the depth of flow and
the velocily are, raspeciively,

{a) 45mmand 0.28 mfs

{o) 120mm and 0.50 mfs

{c} 150 mm!and 0.57 m/s

{d) 300 mm and 0.71 mfe

In transition of sewers from smaller diameler
sewers tolarger diamaler sewers, the continuily
of sewers is maintained at the

{a) bollom of the concrete bed of sewers

(b} inverls of the sewers

{c) crowns of the sewers

(d) hydrautic gradients of the sewers

The slope of a 1.0m diametar concrale sewer
laid ataslopa of 1in 1000, develops a velocity
of 1mfs, when flowing full. When it is flowing
half-tull, the velocily of flow through the sewer
will be

(@} 0.5m/s
{©) 2mfs

Sel-cleansing valocity is

{a) the minimum velocity of llow required 1o
mainlain a certain amount of solids in the
ftow

(b} lhe maximum velacily of llow required to
maintain a cerlain amount of solids in the
flow .

{c) such flow velogily as would ba sulficient
ta flush out any deposited solids in the
sewer

{d} such flow velocily as would be sullicienl
lo ensure thal sewage does not remain in
the sewer '

(o) 1.0mjs
«) 2.0mis

The lollowing steps are invalved in laying a

sewerin alrench;

1. Transierring the cenlre fine of the sewer to
Ihe bottom of a wench.

2. Setting sighi rails over the french.

Q.10

Q13

Q.12

Q.13

G:14

Q.15

3. Driving pegs lo tha level of the inver! line
of tha sewer.

4. Placing the sewerinthe trench.

The correct sequence of INese siepsis

(@ 1,2.3,4 ) 2.3.4.1

©) 4.2.3.1 d 2.3 1,4

In the design of storm sewers, “time of
concentralion” is relevant lo delermine the
(a) rainfall intensity

(b) velocily in lhe sewer

{¢) time of travel

(d) area served by tho sewer

The maximum flow pccurs inan egg shaped
sewer when the ratio of depth of llow to venical
diameler is .
{a) 0.33
(c) 0.95

{t) 050
©@ 1.0

Acircular sewer of diameter 1m carries storm
waler 10 a deptho! 0.75m. The hydraulic radivs
is approximalely
(a) 0.3m
fc) 0.5m

" (b) B4Am
) 06m

For the design ol a slorm sewer in a drainage
area, if the ima of concenlration is 20 minutes,
\hen the duration of cainfall will be taken as
{a) 10min- () 20min

{c) 30min (d) 40min

A sevrer is commonly designed to atiain self-
cleansing velocity at

~{a) peakhourly rate of flow

{b) average hourly rate of llow
{c) minimum hourly rale of flow
{d) sewer running half full

Consider the following stalemenls;

1. The velocily of flow in the rismng man
should be-less than 0.8 m/s al any time.

2. Maximum velocily of llow is generally

" limited to 1.8 mfs and nover allowad 1©

exceed 3.0més.

In the design ol large sewage pumping

slations, which of the above conditians must

be satisfied? o

Q.16

Q.17

Q.18

Q.19

{by 2only
(d} Neither 1nor 2

{a) 1only
(¢} Both1land 2

Il a sewer X is 10 be designed to generale

aquivalent sell-cleansing action asin sewerY,

then

{a) velocily in sewer X must be equal 1o
velocily in sewer Y

{b) slope of sewar X must be equal to slope
of sewer Y

{c) Iractivaforce intensity generated in sewar
X musl be same as thatin sewer Y

{d) the roughness cocflicient of X sewer

" material should be same as that of Y sewer
material

Consider the lollowing staleamenl regarding

building manhotes:

1. They mus! be provided al cvery change '
of alignmant, gradient or diameler.

2. They musl be provided at the head of all
SOWETS,

3. They musl be provided at every junction
of lwo of mare sewers.

4. They musl ba provided al every 100 m
along slraight runs ol sewers.

Which of these slatemenis are correct?

{a) 1,2,3and 4 (b)) 1.3and4

{c) 1,2and3 (d) 2and4

In Ihe design consideralion ol sowerage

system, the sewers must have which one of

the following?

(a) Maximum velogily of How

{b) Only 50 per cent of rmaximum velocity of
flow

{c) Minimumn velocity of natless than cleansing
velocity of flow

(d) High pressure at all times

A sewer of 400 mm diameler and slope 1 in
400, running hall-full, has a flow velocily of 0.82
mfsec. What velocily of flow will be oblained if-
the siope is made 1in 1007

{2) 3.28m/s (b) 1.64mis

{c) 0.82mfs {d) Od1mss



Q.20 Asewer has a diameler of 300 mmand slope
of 1in 400. While running full it has a mean
velocity of 0.7 mys. II both the diameter and
slupe are doubled {lo respeciively be 600 mm
and 1 in 200), whal will be the changed mean
velocity when running hall-full ? Use Manning’s
formula,

(a) 1.59mfs
{c) 0.90mfs

{b) 2.B0m/s
{d) 1.00m/s

Q.21 The sell-cleansing velocity in a sewer deponds

on:

1. BOD{scluble)

2. Slope of lhe sewer

3. Ralio of depth of llow sewage 10 sewer
diameler ratio

(@) 1.2and3 (b) tand2only

() Z2and3only (d) 1and3only

Q.22 One sewer has a.dfa. of 300 mm and analhar
one has a dia. of 600 mm, When both run hall-
(ull, what will be the ratio of velocities in lhe
two pipes if the slope of both pipes is the

same?

{a) 1 (b)

1
2,3 5 312 |
1Y R
o7 W
Q.23  Consider the following stalements:
Ventlation of sewaer lings is necessary 1o
1. avoid building up ol sewer gases
2. ensure almospheric pressure inlhe waste
waler surface )
3. ensure Wha salely of sewer maintenance
people
4. provide oxidation [acility to sewage
Which of these slatements are correct?
(& 1,2and4 (b) 1,3and 4
{c) 2,.3and 4 (d) 1,2and3

Directians; The following items consists of (wo
skitements; one labelled as ‘Slalemant (1) and the
ather a3 ‘Slatement (I1)'. You are (0 exaining these o
slalerments carelully and select the answers 1o these
itlems using lhe codes given belgw:

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Cades:
{a) both AandRare frueand Ris the correcl
explanalion ol A
{t) bolhAandR are (rue bul Ris not a correct
explanation of A
(€} Aistrue bul R is false
" (d) Alslalse but Ris true

Assertion (A): The croem of the outgoing larger
diameter sewer is always malched with the
crovn of incoming smaller diameler sevver.
Reasen (R): It eliminales backing up of
sewage in the incoming smaller diameter
sawer. . .

Assertion (B) : At amanhole, the crown of the
aulgoing saver should not be higher than the
crovn of the inconing sewer.

Reason (R) : Transition from a larger diameter
incoming sewer (o a smaller diameler oulgoing
sewer al a manhole should not be made. .

Assertion (A): While faying a sewer ling, he '

sackel end ol a sewer is kept facing the
downward slope inlhe irench,

Reasen (R): The sockel end being heavy wili
slide down the slope if il faces the downward
slope.

'Assertion (A): Sewers are not allowed 1o flow
full.

Reason {R): Reserve space inthe sewer takes
care ol flucwalions in the sewage llow.

Asserlion (A): The design of all non-circular
seclions is based upon getling a “hydraufically
equivalent section”, .

Reasan (R): The chan of hydraulic elements
is very uselul in sewer design.

Assertion (A): Mostimportant aclivity in sewer
ling construclionis (o start censlructing it from
the tail end and 1o check levels with a boning
rod.

Reason (R); Construction ol sewer Ing from
1ail.end is recommended because required
number of pumping stations may be
incurporaled in sewer network design.

Q.30 Assertion (A): Lalerals of minimum specilied

26.

diameler in sewsrage system have lo be laig
at slopes designed lor sell-cleansing vologity.
Raasan (R}: For Ihe specilied minimum laleral
diameter al specilied slopes, a minimum flow
rale is not essential lomaintain sell-cleansing
velocity.

Answers
. (@) 2, {9626)3. (¢} 4.{c) 6. (8)
(b} 7.{(b) .8 (c) 9. (d) 10.(a)
. {ey 12, (a) 13. (b} 14. {c) 15. (b}
{c) 17. (a} 18. {c} 19, (b) 20. (&)
. () 22, (c) 28. (dy 24. (8} 25.(b)
{d}  27. (a) 28 (b) 28. (¢} 30. (b}

Hints and Explanations:

Ans.2 (9.626)

Given, degth of gartial fiow, d=0.10m

. d 2(1—::055}
- ] 2

Q.20 a
.10 = —— | 1-cos—
= .10 > ( 2}
a = 1807
] o Full sectuon
Partaly filed  NeZo o, of Bia D
creulr 1
sowot seehion X
Area of partially filled circutar
Sewer section,
©, sina
8= Al ———a—rn
(pw 2n ]
|
- nDz( o _sina)
! 4 \360° 2n
- n(o.zmz(mo’_ssn@g)
T4 \360° 2
TP 1
= ———=Xx= = 0.0157
. 4 2

Ans.4

Ans.5

Ans.7

~ Designdischargs,

g=av= a-;;(r)m {512 Gy

r 1_360‘3&:1::
R 2re
360°sin180°
= } Puhut-S it
= ! R[ 2“180']

=A=2-220_g05
4 4
» Designdischarge,

q=av= a'%‘(,}ms,muz

. e 1 243 72
2 Q= 00187 x = (0.057(0.004)

=9.626 x 107 m¥sec
=9.626 lit/sec

(c}
Head loss per unil length is indepengent of
seweor running full or hall fult condiition.

(a)

g = 1728m%d = 0.02m¥%s

- (e
T \4 nl 4
= 0.05m¥s
q
a= Q4
=+ % = D15
d=0045m=45mm
v
l - = .
Also, v 0.4
V= % =0.7085 nvs
=3 V= 0.23 WS
{b} 3
ad v
For o= 0.5; e 1.0
where, dis deplh of flow
vis flow velocity at depih d

Dis diameter of sewer
Vis llow velocily at full flow
v=10m/s



Ans.9 (d)

First sight rails are set over the trench, Then pogs
can be driveniothe levelofinvert fine and centre
line of the sewer marked on sight rails can be
Iransferred 1o the botlom of the Irench. Finally,
sewers should be placed inthe rench.

Ans.10{a)
Tirme of concentralion {I.} s the ime taken by
waler droplel toreach the calchment outlet from
farthes! part. So whole eatchment contributes
torunoff onfy when the lime of rainfall is greater
than‘L.". It fs used lo determine critical rainiall
intensity,

Ans.12{a)
Hydraulic radius of sewer flowing fult
b 1
F= ‘;— z =025m
At0.75 m depth of fiow

¥

==12

r=12x025=03m

At 0.5m depth of fiow

P .
-—=10
R

Ka i=025m

Ang 13 (b)
Maximum runof! will be obtained from the rain
having a duration equai 1o the time of
conceniration, and (his is called the critical
rainfall duration. Therefore duration of rainlali
should be 20 min,

Ans. 15 (b}

Rising main may be of casl iron or asbestos
cement pressure pipe. The velogily of flov in
the 1ising maln should not be fess than 0.75
mfs al any time of flow to avoid sallling of
particies, The maximum velocily imitation is
due to conlinuous abrasion caused by the
suspsnded parlicles,

Ans.16{c}
Velocity and cfischarge are funclions of wactive
foice intensity which~depends upan icton
coetlicient as well as flow velocity. For equat

sell cleansing tractive force intensity should
be same in both sewers.

Ans.18{c)

The velocity which will even scour the depasited
particles of a given size, must be developed
inthe sewers, alleast once a day, so as nol to
allov.any deposition in the sewers is called
sell-cl ansing velocity. The generalion of such
aminimum self-cleansing velocily in the sewer,
at least once a day, is imporlanl, because il
certain deposilion lakes place and is not
romoved, it will obslruct free flow caysing
further deposition and finally leading 10 the
complete blocking of the sewer.

Ans.19 (b)
Velocity of flow is givan by Manning’s lormula

v = Jgragwn
n

v e S
i ol 1 vz
L )
1 23 1 )V?
n = — R =y
%= A5
va 400142
v, = (;55]
i v, = 2x082=164nys

Ans.20{a)
According lo Manning's formula

v, = l(ﬁ‘,)m {S,)”? =07 mfs

il

n
2{/3 i
= Y= ;'(%] (S)"2 = 07mvs

»

ND‘A‘, DZ = ZD’; SZ = 23,

213 ,
v = 2] s

4,
: v, = 224V,
= 157 m5=159mfs
Ans.21 (c)
Seli-cleaning velocity does not depend on
BOD.

Ans.22 (c)
v=lgen fg
n
v, ELM
v, \A
5 g /10, T
Cwm™ |50/
T {AdRy) trp /10,
) |5/
23 2/3
B o
Ans.23 (d)

Venlitation in sewers is needed Lo avoid:
" (i) lhe danger ol asphyxiation of sewer
mainienance employees
(i) 1he buildup ol odourous gases such as
hydrogen sulphide, ammenia elc.
{iii} the develepment of explosive mixlure of
sewer gases principally melhane and

oxygen:

Another reason (or venlilaling sewers is lo
ensure a conlinuous (low of sewage inside the
sewer.

Ans.26 {d)
Sockel end lace upsbieam slope,

Ans.27 {(a)
Sewers generally run hall (o three-fourth full at
peak llow, so that lluclations in flow can be
accommodaled.

Ans.28 (b}
Hydraufically equivalent seclion means that wo
seclions can carry same discharge, while
flowing lull, on tha same grade.

Ans.29 (c) )

The conslruclion of sev-er fine is started from
the tail end so that sewers of ta lengih may

be ulilized even during the initial periods of ils
construction, thus ensuring Lthat lhe lunetioning
of sewerage scheme need no! Lo wail till the
completion of entire scheme,



