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Sources of Water and its Conveyance

SRTRODUCTION.

» !_n this chapier, we will focus on the proper assessment of surlace water and ground water resources

Afxereshfnaﬁng the lotalwaler cequirement for the proposed water supply scheme, the designer of the sch@mé
must go in search of nearby waler sources, which may be able lo supply the required amaounl of water. We will

» alsn discuss a propar disiribulion system lor a particular city or town 1o {ulfil the all water requirement with
minimum leakage loss and operation cost. : '

2.1 Sources of Water

Water is thc most essential natural rasource for life next 1o air and is fikely 1o become a crilical scarce

:esetifse inmany regioqs of the world. The various sources of water available on the earth can be divided into the
foliowing wo categories.

A, Surface Sources: For example
fi} Pond and lakes
(i} Swreamsandrivers
{iii) Storage reservoirsand
{iv} Oceans, generally not used lor water supplies at presant.

B. Sub-Surface Sources orUnderground Sources: For example “ﬁ L
@ Springs _ () Infilrationgallerias. ,
{i} Infiliration wells {iv) Wells and lube-wiks Y

A Surface Sources
. Sutfaae sm:rces.are such sources of walor in which the waler {lows over the surface of earthand is
thus direclly available for watar supplies like natural pond, lakes, rivers and streams
= Mostofthe eaﬁh'f\ water sources get their waler supplies trom precipitalion, which may {all in various
forms such as rains, snow, hail, dew etc.
= Rains, no doubt, form the principle and the major part of the resultant supplies bul sametimes, the

undtfrground water through some spring, also entors nalural depressions and get coliected lhare
forming pondis “nd lakes, i .

+A.: The quality o wefer ing ake & genarally good and does ol naed much purification.
2. Iarger and older Jakes; however, provide comparalively purs watet than smaller and nevsar
7 Jakes - AT e R
. .':Hi\.fers“are mostj}npdﬂam saurces of waler for public water supply schemes because.
-{a) The quality of river water is generally good due to seit purification and does rot need
*. mich purification.,
S (b) Most of cilies arp seltled near the rivers where water is easily available for walor
7 supplles. B
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B. Sub Surface Sources or Underground Water Sources
The underground waler is generally available in Ihe (ollowing forms:

1. Inliltration galleries 2. Infillration wells
3. Springs 4. Well.includinglubewe!is

1. Infiltratlon Gallerles
Infittration galleries ara somelimes

called horizontal wells because they are tho « .‘I"’E:’ e )
herizontal tunne! constructed al shallow depths T JaHwpten”
gtleey

(3105 metres)along the barks of rivers Lhrough

{he water sirata as shown in ligure:

' + The galleries are generally
conslructed ol masonry walls with
roof slabs, and extract water from
the aquifer by various porous
lateral drain pipes located al
suitable intervalin the gafiery.

+ These \unnels or galleries are generally laid al a slope. and the water collected in Inezm is taken o 2
" sumpwell, from whereilis pumped, reated and distributed to the consumers.
o These infiltration galleries are quite usaful when water is available in sufficient quantily just belovy tho

Mascoary

Fig.2.1 Sectionofan Infiftration gallery

ground level.
Discharge from Infillration galleries can ba computed using Daicy's law as
#2_12Y Where, O = Total discharge (rominfiftration galleries
2R ] K = Pesmeability coeflicient of the aguiter
t . L = Lenglhof gallery (L to paper)

H = Stalic water level above boilom of gallery
R = Aadiusolinflluence
h = depihof waler in gallery on pumping equilibrium

Q= RL-[

. 600 m*/day of waler Isto ba obtained from a proposed Infiitration gallery, which
is placed at 6 m deplh from sub-surface water lable. The cosfticient of permeabilily of the sail aquiler
is 100 m/day. Find the length of gallery if the crewdown in the gallery on pumging is nol axcesd 4 m.
The radius of Influence may ba assumed to be 100 m.

Solution: Dala Given, O = 600 m¥day; H=6m; h=06-4= 2m: A= 100m: k= 100 m/day
The equation of discharge rom infiitration gallery



0=k.L.(Hz'h2J
2R

Subslituling the value, we gel

600 m%day = 100 m/day x L x -2
2x100

€600 =(100xL:<3—2]m
200

L o 600x200

= Jooxzz - onem

2. Infiltration Wells : !

Infiliration wells are he shallow wells constructed i i :
' ed in series along the banks of a riverin o
the river waler seeping lhrough Iheir bollom as shown in ligure 2,2, roertocoleet

These wells are generally conslrucled of brick i j
masonry with open joints and th Rre
covered al the top and kepl opan at Ihe botlom. , oy sre generely

The various i i[l"’ aﬁon wells are connected by POrous pipes loa sump well, cal led as jack wel as
n
i *

These wells are very uselul for drawing water from polluted siream and very common in France

Porous pipos !
from difforent
infilimtion
vealls
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Fig.2.2 Locallons ofinfilication wells Fig.2.3 Planofa Jack wellreceiving waler

(rom a number of Infikration wells

NF)TE: A vpjry ne\-:i lechniqu_e ‘Ranney Wall' thal has recently starled is lo construct a vertical well 3106 min
diarneler with horizontal radial collector, and is known as radial well.
3. Springs '
The natural outllow of ground water al earth's surlace is said fo form 2 spring:
« Apervious layer sandwiched belween two impervious layers, give rise lo a natural spring
*  Aspring indicates the oulcropping of the walertable.

» The springs are generally capable of supplying very small amoumts of waters, and are, (herefore
generally nol regarded as sources of waler supplics. ‘

Howevet, good developed springs ma i
, y sometimes be uscd as water supply source lor s
especially in hilly areas. i sl o

i T T

_i-nTt.— -Certaln springs, somelimes discharge hot waler due to the preésence of sulphurinihem. These
SEyreg _hot springs usually emit sulphur mixed water {warm o boiling}, and hence cannot be used for

, waler supplies. Such type of hol springs In India is are in Sohana in haryana and one in
i Tallapani near Simfa al the bank of Sullyj fiver.

Formation and Types of Springs
Springs are usually formed under fhree general condifions ol geotogical formation, as explained below:

{a)  Gravity Spr}ngg, i - """ﬁ‘, g:md
: deprassion
» Whentheground water lable ises or e valey

high and Wagitbverflow through
{he sides of a natural valiey or a
depression, the spring formedis
known as gravity spring (Fig.2.4).

» Thaflow fromsuch aspring varies
with the rise or falt of the
walerlable.

Gravily spfing —=

o=

Flg.24 Grvityspring

(b)  Surfacesprings

Sometimes, an impervious absiruclion or stratum
supporling the underground slorage becomes inclined (as
shown in figure 2.5}, causing the walertable to goup and gst
exposed lo the ground surface. This type of spring is known
as surface spring

{c} Artasian Springs

When ihe surface springs
slorage is under pressure i.e. under Astosian epring
some confined aquifer, the spring formed
is known as artesian spring. This lype
of spring are capable lo provide almost
unilorm quanlity of water. Since the waler
oozes oul under pressure, they are able
lo provide higher yields and may be
thought of as the possible sources of
waler supply. ;

ALY a

Fig.2.6 Aaesianspring

i
4, Wells
Ahate usually vertical, excavated inlhe earth for bringing ground waler lo the surface iscatled water well.

Open Wells or Dug Wells
Smaler amount of ground waler has been utilised from ancient times by open wells, They are generally
open masonry wells having comparatively bigger diameters and are suitable lor low discharges.
» Theyield of an open well is imited because such wells can be excavated only {c a limited depth,
. where the ground water slorage is also fimiled.



*  Oneol therecent methods ua&l {0 improve

- h Classificatl Wi
the yield of an open well is to putin a 810 10 assifcallon of Wells

cm diameler bore hole in the eénire of the Wells
well, £0 as the 1ap the additional water from
an aquifer, or from fissures in the rock. { |
* Open wells may be classrﬁed into the Open Wells Tuba Wells
following twa types.

| f
I )
(e) Shallowwstls  (b) Deepiells ' I ‘ ! ! I
* A shallow well is the one 'tvhiéh rests in a s&if %ﬁg J s:_;;;er %ay‘;:y ng‘\l::::e
pervious sirata and draws its Sipplics from .
the surrounding malerial.
* On the olher hand, a degp %!I is the ona
which rests on an impervious 'mola’ or *magasan” Jayer and draws its supply from the pervious
formation Eymg bg[m; ma mota !ayer ihrougha bcre hole maﬂs in’c lhe mota fayer,

‘Flg.2.7 Arteslanspring

¥

.».

o Dom know? The mrhandaMreof Iha shal!ow and deep wens is purely :echmcel and has nothing lo do -
- wlmac!ua! dap’lh o! !he woll. A 'snaﬂuwwell' mi ghi be havmg more dapth han 2 "desp well",,

Ilemembm Aband pump geaefaﬂv used int rrany pan of lnd:a usas @ remproqaﬂng type of 2 pumplng ,
mngemmmmewater‘- s

2.2 Yield ofan Open Weﬂ
The yield otanopenwen canhe calcutated by .
(e} Theorelicalmethod . - - {9) Praclical method
T 1. Pumping test
2. Recuperating test
{c} By carrying out practicaltesis and calculating it from the observations.

fa}  Theoretical method - e v

ita well is penstraled through an uqu;fer water will rush inla it wilh a velocity V. It A_is lhe surface area
of the aquifer opening into the well. then

Q=vi4,
where, V=n-v, :
where, V, = actual flow velocity, n = porosity g.‘j' y
{8}  Practical method B
1. PumpingTest ‘

Apumpis, firstof all, installed so as to draw sullicient supplies of waler from the open wgll and {ocause
heavy drawdown in its water level. The rate ef pumping is then changed and so adjusled that the water level in the
wall becomes conslant.

Inthis condition of equilibrium, the rale of pumping will be equal lo Ine rale of yield, and hence rale
of pumping will direcily give us the yield of the well at a padticular drawdown.

Knowing thisyield say Q, ata cerlain known drawdown say 5,, the yield (Q) al any other drawdown {5)
can be evaluated as foliows.

By Darcy's law

Q=K1A = K{i]ﬁ- =
\L

o @-=cA3 -

where sis ihe depression haad ar drawdovwn in the well
IrQ,isthe known discharge al a cenain known drawdsovin 5, Wwe have

L.= e A ,!! )

Knowing (J,, Aaiid ¢, ehove, he value of Ceanbe calewated Hence visehzrge Qal Any oiher value
of depression nead (s) can be easily worked out

{b) Recuperating Test e
Although the purmping test gives accurale velue of safe yicld, il is sometimes very dific.ut te adjust the
rate of pumping, 50 as to keep Ine well valer level consiant. In such circumstances, recuperating (est is 2doplad.

Q= [9_] A-S
A,
where, % = %g-fogmi where, 5,. s, = depressior head atfime 1, and f,
23 S ; c e ‘e canaci
So, Q= [-—~fa 0 51) A-8 i Spegcilic yield or spesific capacity

{c} Third Method _ _ . ]
This method is usefui Ios detenmining (he yield of openwells {i.e. for uncenlingd aquiies) as weil as these
of wbe wel {i.e. lor confined aquifer) is based on Dupuit's and Theim's formula.

Example 2.2 83 Match List-1 (Tesls) with Lisl-1l (Featuras) a.nd select Ihe ¢oriect answer usmg
lhe codes given below the lists:

List-1 List-I} .
A, Pumplng test 1. The gradual rise of waler leve! in well is abserved as time
' \ progresses A
8. Recuperation Test ! 2. Rate of pumping s edjusled lo canstant iavel of water in wall
C. Prossure Test' 3. Vigorous mixing of the chemica! followed by slow mixing
D. Jar Tesl 4. Pipeline is filled up wilh water, allowed to stand [or sometime |
' and then at least double the maximum pressure Is applied
Cades:
A 8 € O
(a 1 2 3 4
by 2 1 4 a |
fc) 1 2 4 3 |
@ 2 1 3 -4 :

Ans. (b)



m Daslgn anopen wall In coarse sand fora yleld of £.004 cumscs when Oper-a‘i-a—d‘
under & depresslon head of 3 metres.

Solution: The discharge required from the well = 0.004 cumecs
= 0.004 cubic mevre per sccond
= 0.004 x B0 x 60 x cubic melres per hour = 14.4 m¥hr

We know Ihal, Q= (%) A-s
where, A" 1 m¥nrim for coarse sand
24
=|—IxXA- :
S0, 144 = ( A] s | '

144=100xAx3
ifdis the diameter of tha wel), then

.'_‘Z_Ef. = 48 o, d,= %ﬂ=2,48m=2.5m Say 25 m

During a recuperation test, the water level in an open wall was depressed by *

pumping by 2.5 metres and Is recuperated by an amount ol 1.8 metres in 70 minutes.
(a) Determine the ylald from a well of 3 m diemeter under a depression heed of 3.5 malres.
(b} Also determine the dlameter of the wall to ylsld 10 litres/sacond under a depression head of i

]

2.5 metres. i

1

Solutton:We know lhat, E— = 23 Iogyg 5 !
A T S 1

where, s, =initial drawdown = 25m; s, = linal drawdown = 2.6 1.6 = 0.9 m i

T = Time = 70 minules = %hr =1.167

c 23 2.5
—_= —] — =0 J i
2 1167 089 Y 0.875 m¥nrim of depression head
(a) Yield trom a wall of 3 m diameter, under a depression head of 3.5 m is given as
4
0=|=] A
[ A ) °

= 0.875 x(g— xs”J x3.5 = 21.65 rn%r = 6.02 liresfsec

(o) it 0 = 10 lirefsec = 19%80x60 ’;335‘ 50 8 = 36 m¥nr
¢ ‘
O=|=1.A4-
[ A] o
36 = (0878)x A« 25
36
A= -t = 16.46 M2
G875x25 - 16-46m
or }‘,—ai’ = 16,46
o d=458m; say4.6m

Hence. the diameler of the required well = 4.6 m

e

i f Wells .
2:3 :::r:udaz several methods [or estimation of yield.oi ground water but !ht.a'be'sl malh:;;i :g mmeans of
al pumping lesls carried on for a sufliciant lengih of time so thal state of equilibrium is a .
ot Types of Aqullers: Aquifers afe mainty of two types. - )
{a] Unconfined aquifer o .(b) f:mhned aqudF:r <raco ol e ome
Ui ncc'ml ined aguifer or water table aquileris the one in WhiC!'! water fab!e n(s ihe upp;e; pulace ol theore
of sataralion. Il is &lso known as the {ree, phrealic or nc?n:artesnan aquiler. Rnse- and lall in the
correspond lo changes,nhe volume of water in storage within the unconfined aquifer.

Confined aquifer orartesian aquifer is the one inwhich ground water is conlined under pressure grealer
i i latively impermeable stirala
than atmospheric by ng relatively imgp

fine ulfer — o == Coo

{a} Unconfined Aq T e 15
_ nK(h% - fli?) . ozam ¢ f‘, --=2ta
B 2.3 l@m (fg I’ft) d }

Lel' r, = radius of well

b B

H = thicknass of the aquifer, measured i . ;

above the impenmeable layer

to the initia! (evel water 1able L L
d,, = drawn down of the well s - - —‘l
A, = deplh of waler in the well measured p l

above the impermeable layer Fig.28 Unconfined Aquifer

= (H-d}

Here, T= kHis known as coellicient of ransmissibility. b, and h, are the values of depth of :.‘-:alme;na;z
and , respéctively. I kis expressed in cubic meler per day per square mpter of the area of sub-soil,
discharge will ba in cubic metre per day {Figure 2.8).

{b) Confined Aquifer {
GL. =3
. DS > T [—_L iﬁg_"'" i
T T s L el
3 Yr*"‘f-“’ T%’] T Jon- 02T (5-%)
& s = 7
i : 2.3l0g,y -,?
H H by 1 hy t
: i Here, T=k
o Ze(5-5,))
°’ " 23000 (/)

fayer

Fig.2.9 ConfinegAquifet

Awell having a diameter of 15 cm has been drilled Ina confined aquifer fua’vhg’
a thickness of 12 msler. Radius of influence Is 350 m fram the centre of the wail. If coalficient o
permesbility of soil Is 15 m/day, tind the discharge in the well fora draw downof 2m.



2nkD(H~h) 2rx15x12x2 X 30 % 24
= - . = = 268, d
23logio(R/1) ~ 23105, (350/0.07.) . 2310g,, (4666.7) ~ 20013 miday

: E»m* li To determine the specifle yield of = well of 0.5 m dla recuperation test was
done when tha nome! water laval was Icimd 1o be 7 m below ground level. Pumping decreased water

level 16 12 m below the ground favel. The waler rose to 10 m below’ground lavel after 4 hours ol
swopping the pumping calculate (a) specily yisid of the well ang [t))] y_iefﬁ under a draw down of 3.0 m.
Solution:

¢

{a} Using the formula, K= 2_303-;10910%
'

Hare, A= l‘;’ig:f =0.1965 m? ,
T=4hours; h,=12-7 =5m; h,=10-7=3m
K= 2303y 21985 !ogmg = 2303 % 0.0491 x 0,222 = 00251 ¥
() 0= Kh=00251 x 3= 7.5 m¥hr
¥as; p; X AZ0cm diemeteme!l v:as drilled 20 maler bafow the slatic water table. In two
observalion, wslls at a

distance of B0 m and 35 m {rom the certre of well, the water fevel was found 1o

be lowerad by 50 cm and 110 cm respactively ata discharge of §000 litrea/min In 24 hours. Calculats
the ransmissibltity of equifer. 8

Sohutlon: For discharge, we have lhe equation

PP S0 TN
0. -0) b =20-05=195m
T 23kg,(R/n) h=20-11=189m

6000  mxkx(195 -1897)

joc0 80
2.3 ot
agt { 35)

S ¥ = 0.0684 mymin ) ““‘ \
Mow, T= kH = 0.0584 % 20 = 1.368 m%min !

PRllEERS  {n order io determing the average permeabllity of a bed, sandy soil 14 metres
thick overlying on an impermeable siratum, 8 well was sunk end pumping test was carried out. After an
interval of time, the discharge was 12.4 lires per socond and draw dowin in the observalion walls at
1651 and 33 m from the pumping well were found to be 1.787 m and 1.485 m respeclivaly. It originai

ground waler table was found io be 2.14 m below ground Isval, find out the coaflicient of pormeabllity
of tha soil.

Sofution: Equalion for coefficient of permeability

23 O|C)§1gr3 /h
n{t8 - 1)

fH= 16 m; {2:33ITI

K=

h = 14-(2.14 +1.787) = 10.073m

h, = 14-(2.14+1.495) = 10.365 M

0 = 124 lilrefsec = —2L- % 60 % 60x 24 = 1071,36 m*/day
‘ 7000

X 23107138 0 3B _ 41 50 rigay

= nt(15'3§5]2 :(.10'073)2 J o 18

a1.32x100 " -
= R - 0.0478 cmfs
T 24xE0x60 0 )

2.4 TubeWells R e )
To obtain large discharge. mechanical tubewell which isalongpipaora tba, is bored or drilled deep
Into the ground, inlercepting ona or more water bearing strala.

24.1 StrainerType . o . . .
Astrainer lube well uses asssmbled strainer fengths over perforaled pipe which are IGWered‘ml:: l?:eb:;i
ho'e localed opposita (o the waler bearing {ormalion whereas plain plpe length are located opposile o
water bearing sirata. o -
+  Waler anlers inlo thewell through these siralners and perforalions in pipe from the sides and the llow
in the well is thus radlal, . . ‘ N
«  Astralner consists of a perforaled pipe wilh a fing wire mesh wrapped round the pipe which preve
sand parlicles of size larger than mesh enlering info the well,

' *  Claaslflcation of Tubo Wells

]

Strainor Typo Cavity Type Grovel Pack Type
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Fig.2.10  Aslrsiner ubewell Flg.2,11  Atypicalstrainer

Remember: A strainer type tubewell is generally unsuitable for fme sanay sirata due lo choking problem of

slrainer,

242 Gravel Pack Tubewell !

A gravel pack slolled pipe lubewell uses a slalled pipe Mthout being covered by any wire mesh.

Aslolled plpe is lowel ed into he bore h G e e ga behkveen (h bore ho an
ole and th xlernal p
' s 1l ith ol el the bore hole and slotted

GL
TR TR TS A RS RS
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Flg.2.12 Slotted pipegraveltubewell

Doyou know? in most of the slales in our country, deep lubswell has been construcled in fine alluvial sm!
by pr0vxd1ng cast in situ grave! packs around the slotted mild steal papes.

Gi.

243 CavityTypeTubewell

A cavily lype tubewell draws waler from
Ihe bottom ol the well, and not from the sides s is
done by a screen well, The flow in a cavity well,
therefore, is essentially spherical, and nol radial like
that of a screen well.

Such a wbewell, however, is very
economicak as it requires only plainwell pipe which
is lowered into he bore, made ihrough the ground
strata upio the required depths, so as to tap the

requisite aquiter . . P . ———
Critleat / / fine maserial
Remember: Cavily typo tubawell can be used only :ﬁ’;:"g i \ \

for small supplies, particularly lor domestic supply. Fig. 2.43 Caviy type tubewel

2.5 Collection of Surface Water
Whenever waler is withdrawn from a surface source such as lakes, rivers or reservoirs, and entrance of
the withdrawal conduil is not anintegral part of a damand other watef refaining sirutture, then an intake structure



is constructed al the enlrance of the conduit. H‘éhce it can be defined that aninlake is a slructure consiructed al
1he surface waler source lofacililale the conveymg of water tohe ¥reatment plant cither by gravily or into a sump
vihen pumping is required.

251

252

Factors Governing the Locatlon of an Intake

1. Theinlakeis Iobe located as near as possible tothe treixment plant so that the cosl of conyeying water
tothatrealment plant isminimised. It should be located arcund arelalively clearer zone of the source so
ihat lpad on the treatment plant is Minimized.

2. Amangemeniol intakes should be provided such that elimnation of sm and lloaling maller is possible to
agreal exientso that they may be prevented from entering the conduil. -

3. Theintakesileis to be free from sodirces of contamination. :

4. Locationshouldbe suchihatil candraw water from the sourcein all seasons. The site should be frea Irom
currenis and should befounded on'stable ground.

5. Itshould be located in the straight Sortion of the Source and exosion of banks should be ‘minimum, The
intake shouldbe located such thalitslowes sill faval can bakepl below the lovs waler levkl of the source.

6. Incase ol arivervih fluctuating ﬁoiv the approach clannet from the centre of the source to the inlake
should be capable of being dredgéd o clear of sill depezition.

7. Thalocation should ba such that water may be drawn to the trealment plant by gravity.

Components of Intake ' . '
Awaler intake coasists of the following component:

1. Infake shuchme 2. Aconduitwith protection work

3. Infels 4. Scresnsorgratings

5. Gales angd valves lo regulate fiow

Conduits for Water Supply:

Depending upon the conditions and characterislics of llow, ihe conduits may be divided into
1. GravitlyConduils

2. Pressure Conduits

‘Theseate described below :

1. Gravity Conduils: Gravity conduils ara those in which the water flows under the more action of
gravily.

Insuch a conduil, the hydtaulic gradient line will caincide with the w&!‘ ¢ slface and will be parallel -

to lhe bed of the conduit. This is 50 because in such a llow, the wa!er is gl along at almospharic
pressure andthus there is no pressure tezm in Bernoulli's equation. » *

Gravily conduit can ba in the form of following:
(8) Canal: Canal are the open channels which are consiructed by culting high grounds and
constrecting banks on fow ground.
« They are generally constructed in balanced cul and fifl, and are cheap lo build in suilabla
soils.
= They'may be eilher lined or unlined depending upon the nature of tha ground, available
slopes, design, velocily, quality of water required, losses of waler elc.

(b} Flumes: Open channel supported above \be ground over reslles, elc, are called lumes.
« They are used |0 convey water across valleys ang minor depression or over drains and
ather obstruction intheir path.
= Theymay be madeof masonry, R.C.C. meial of wood and are usually circular of rectangular
incross-seclion
{c) Aqueducts: Aqueducts,or striclly speaking grade aqueducts are closed, reciangular or circular
or horse shoa sections, built of masonry or R.C.C..
2. Prossure Condulis: In pressure tonduits. which are closed condils and as such no air can enter
into them, the water flows undgt pressure above ke atmospheric pressure.
« The hydrautic gradient line for such a conduit can e oblzinsd by joining the water surface
elevalions in the piezometers installed in the conduil al varous pHaces.
» “The pressure pipas can, therelore, (ollow the nalural available ground surlace and can freely go
up and down hills or desp beneath valleys of mouniains.
+ Sometimas even rising (ensure negative pressure) above lhe hydraulic gradient \ines and thus
raquiring lesser Jength of conduils.

2.7 Calculation of Head loss caused by Pipe Friction
It can ba found by using sither of tha formula
1. Darcy Weisbach formula 2. Manning's formula
3. Hazen-Wiliam's formula 4, Modified Mazen-Wilkarn's ferinuta
Out of the above formula’s, Hazen-Willlam's formule is most widely used.
t. Darcy Weisbach formula
Jis more than 100 yaar o!d formula, and states tna
T L VA where, H, = Head lossin meter
H, = 7551 L = length of pipes in meters
¢ = diameier of pipein meteis
V= mean velocity of flow through pio2 in m/sed.
g = accelpraticndug o g avity
= Dimensionless friction factor, gorarally vary'ng helween 0.02 {fcr
new smoath pipe) 10 0.675 (lor eid gifes)
t
- oo . oV .
Do Friction faclor F{dimensicnizss) depands upon Reyroid's numbar [x 2B, = e J and relative
You
Know®  roughness (i.e, 5= -2-0,5},
» Relative roughness depends upon absolute roughnoss {e) ol theinside surace and giameter of

the pipe 'd’
2. Manning's Formula: Generally used for grawify conduits,

e lR:’” s where  n = Manning’s rugasity coelficient;
n



vz
V= I R [ﬁ) L = Lenglh of pipes in meters;
L

) V = Flow of volocity {m/sec);
rd? R = Hydraulic mean depth ol pipe
=|A_ "a _d| i
in meters

3, Hazen-Willam's Formula: This flormula widely used 1o pipe flows and states lhat

v =0.8sc, @ -5°%] where, C,; = Roughnesscoellicient
A = Hydra\;lic mean deplh {m)

§ = Slope ofene'rgyline = ELL
V = Flow ol valocity (m/sec)

Remember: 1, The smoother the pipg, the greater is the valua ol C,,.
2. The G, has dimension of {237 7-1,

4. Modified Hazen-William's Formula: It stales that

IV =143.534 Cq - A 57° ~S°5ﬁl where, R = Hydraulic mean depth (m)

S = Friction slopa = %'-L
and friction head loss for circular conduil

181
()
where, d = Intcrnal dia of pipe (m}

H, = friction head loss = ———12
‘ 99.462 % "'

Q = llow in pipe

In a water supply schems 1o be designed for serving a population of 4 lakhs,
the slorage raservoir Is silualed al 8 km away from the city and the loss of head from source lo city is
16 melras. Calculate the slze of the supply main by using Welshbach farmula as well as by using
Hezen's lormula assuming a maximum daily demand of 200 fitres per day per person and half of the
daily supply to be pumped in 8 hours, Assume coefficien of friction for the pipe material as 0.012 in
Waishbach tormule, and C,; =130 in Hazen's formula.

Sojution: . !

Maximurn per capitademand = 200 lires/person/day

Population = 4,00,000 '
Maximumwater demand per day .
= 4,00,000 x 200 livesfday = 80 million lires/day = B0 MLD.
tMaximum water demand tor which the supply main is 10 be designed

1l

12
5 * AGMLD {"." hall the daily supply is to be pumped in 8 hours)
E0MLD

it

_ 60x10°
T
_ B0x10°
" 24x60%60
= 0.695cumecs
Now, G = 0.685 cumecs
L = 8 km = B0O0 melres
] H, = 16melres
Y d=17
{a)Using Da‘ﬁﬁ\‘fisbach formula

cubie meters/day

Cumecs

—~—
~

o]
lo &‘;i%

H

Bul v

"
10O
"
INE
%

{0.012){8000){00.635)°
16 =

' 121xd®
Solving, we gs, o5 = 0.2395

; :
o d= {02395 =0.7514m

So, use the nearest slandard available dia pipe (say 1m}
{b) Using Hazen-William's formula

V= 0.85 C,x 2% x 598
vihere G, = 130(given)

A= -‘:— for circular pipe running {ull

o

635
&

v-9.
A

SR

i

l 083 054
089 _ og5x 130(%} : (-*Li]

]

A

It

2.4 \8000

NI 05
0.85%130 () - (-LG-}

Using 1" = 0.012 {given}, we get



0.885

1 .
o = 46 d’w S
& 253
0.8P5x28.7 25
d - w9
o a8 0552& '
o . d= (5521)2& =0.7978 m

Sa, use the nearest slangsrd avatable dia o'e {say 1)m dia.

2.8 Forces Acting on Pressure Conduits
Tha structural desian ol the pressure pipe should be camriad out, so as lo enable Ihem to withsland the
various forces Fkely lo come on them,
The loliowing forces generaliy come inte piay in the pressure pipes.
1. Interna) pressure of water Including waterbammer pressure )
To be resisted by using materials strong in a tension.

2. Pressuraduetoexternalloads | il
‘ These are in the form cf backfill. traffic loads elc. - to be resisted by using material strong in
compression i

3. loneitudinaltemperaturestress.
Croated when pipss are Iaid above the ground ~to be resisted by providing expansion joints.
4. Longltudinalstress ! -
Ou= 1o unbulanced pressure ! bends, o al poinis of changa of cross-section - to be resisled by
holding ihe pipe hrmly by encharing it in massive blocks of congrele or slane masonry
5. Flexural Stress
Produced when pipes are supported over trestles eic,

Water Hammer Pressure ,

Whan a liquid tlowing in a pipe is abruptly stopped by closing of a valve, eic, the velocily of the waler
column behind is relarded, and ils mamentum gels dissipated dug to conversicn of kinetic energy into elasiic
energy. A series of posilive end negative pressure waves are produced, which irave back and forthin the pipe,
tit they are damped by friction. This phenomenan is known as water hammer.

« This pressure rise or water hammer is manifesied as a series of shocks §oundmg like hammer

blows, which may have sufficient magniiude 1o ruplure the pipe of damapathe connected equipmant.

+ limay be caused by the nearly instanianeous or rapid closing of a valve,

= Theexcess pressure due towater hammar is addilive to the normal hydroslatic pressure in the pipe
and depends on the elaslic properlies of the liquid and pipe and on the magnitude and rigidity of
change in valocily.

Computations of Water Hammer Pressure
Maximuen waler hammer presSure {which occur al cnlical time of closure 7.or any lime fess than T} is
given by

CV. where, H,, = Maximum pressure rise in the closed conduit above
Hinae = —2 the normal pressura {in m)
g C = Velocily ol pressure wave travel (in mfsec)

Y, = Normal velogily in the pipeling, before sudden closure {in misec)
g = Acceleration due la gravity (in mdsec?)
Il the aclual lime of closure Tis greater Ihan the T_ the actual water hammer is redused approximalety in

) |2
proportionlo | ¥ .
i.e. Hm.:u = f-‘{m" xl;g.
« [l Lis the distance of the valve from the reservoir, than the time laken by (he wave in going (o Ihe

teservoir and coming back lo the valve, called crilical time is given by 7, = %

« The velocity of pressure waves generated is given by the equation

E, = Bulkmodulus of water (2.07 x 109 kgim?)

’E,, 1
= X L . e
P i E, .d E, = Modulus of elasticily of pipe material {in kg/m?)
q t
P

-p,, = Densily of waler
d = Diameter o pipe (inm}
t = Wall lhickness of pipe {in m})

1425

= Accordingto GOl manual, |C = |
- : (1 L Eud
. . g Eqt

P

* Theterm JEW /p. fapresents the velocity of pressure wave in water when we do noit consider the
elasticity ol pipe. .

«  Thevelocity of pressure wave created by water hammer is however, reduced and is less than \JE,, /p,,
because of the efaslicily of the plpe vall.

Remember; Cenerally JE ip,, {i-e. velocily of sound in watar} is taken as ~ 1433 misec

Deyou know? To safeguard against waler hammar pressure, a surge tank is pravidod in the waler pipe line.

H

;

LU TPRN The velacily of waler flowing from & reservolr inlo a 1 meter dia steel pipe is

" 2m/sec. It a valve Is siluated in the pipe line at a polnt 2 km from the reservolr, evaluate the water

hammer prassure devaloped by lhe closure of this valve, il
(&) the closure time |s 2 sac, {b) the closure time is 6 sec,
The thickness of the pipe-shell may be taken to be 2.5 cm

Sofution:
P [ E, d
1+ ==
\j E, 1

we have




But Irom equation,

’Q = 1433 m/sec
Pw

E, _ _Modulusol elasliciy of waler  _ 21x 10°kN/m?

Also, - = =001
£,  Modulus of elasticity of sleel pipe ~ 21x 10'kN/m2
d = 1mele (given)
{ = 25¢cm=0,025 m (given}
1
C= 1438————mfs= 1433. =1 -—~
JHO—'T—XJ ’ mm’s 433- N 1210 mysec
0.025 v
N 2-5_ 2x(2km)  2x2000
It = —= =
Crilicaltime T, o) 1210(rn(sec) 1210 sec = 3.3 sec
Now. Prmay = Maximum water hammer pressure = p, X Cx V
1000
= - 2
. (1000Jx1210x2kN!m 2420 kN/m
Case (a) When the time of closure

T=2sec
and since critical lime, T = 3.3 sec (calculaled above)
wehava T<T,
Therelere, full water hammer pressure = 2420 kN/m? will be developed
Case (b)When T=6sec, T, = 3.3 sec, he water hammer pressure developed is given by equation as

"
= [?]H{M = 933 X 2420 kN/m? = 1325.5 kN/m?

A slael penstack 60 cm in diamster has & shell thickness of 1.2 cm. The modulus
of elaslicity of the pipe shell material is 2.1 x 108 kgl/em? (2.1 x 105 N/mm?) with Polsson’s ratio cf 1/4,
and the volume modulus of elasliclty of water Is 2.1 x 10* kgf/iem? (2.1 x 10° N/mm2). The pipe Is
designed to discharge water al maen velocily of 2,1 m/sec. Datermine the waler hammer pressura rise
caused by sudden closure of the valve at the downstream end; (1) neglecling the alasticity of tha plpe
material; and (2) considering also lhe elaslicity of Ihe plpe material.

Solution:Case (1) When claslicily ol pipe is ignored, then

g !
C= r ,’2“‘10 = 1449.14

Prouy = 144914 -p, - V' = 4440 14 x 1000 %

2. 1N
1000

: B = 3043.2 kN/m?
Case (2) When elasticily of pipe shell is considered

1 1
Prmany = C-Pu-V == | = 30432 =
14 2. — 1+21X10 X
E 1 2.1x10° 1.2

g, = 21x 10%kglfem?, Ep=21x 10°kglcm? ; d=60cm; {=1.2cm

Pimaxy = 3043, 2[ m] = 248475 kNfcm?

IS A 0.5 m dlameter and 100 m long plpeline carrying 0.5 m¥/sec discharge is
fited with a valve & ‘ Kstream and. Calculate the risa of pressure caused within the plps dus to the
valve ciosure In (1) 1 second, (it} inslantaneously. Take the Sonic velacity as 1430 m/s.

Soltion: The velocity of pressure wave generaled by waler hammer is given by equation as

c=. ’E._E__
P !1+E_w.2
pe

p represents the reduction caused in the velocity of the pressure wava by

142
pe t

the elasticily of the pipe material, This term can bs ignored, since the resulls will be on conservative

side, and because the thickness of the pspe {1y and the malerial of pipe lo reflect ils £, are nol given.

Where the term

#{mag

Hence, = 4— = Sonic veloclty = 1430 mfs
Now, Maximum waler hammer pressuré Py .,
=p, C-V
where V=%=—°5——_2548m
7% (0.5F
Prinan = .:%g%xmaa x2.548 kN/m? = 3643.64 kNjm?

This maximum water hammer pressure will be caused when the valve is closed instantanecusly, However,
when the valve is closed in T = 1 sec, the pressure is given by equation, as -

" T,
§ Fy= (}C-)P?(m.‘lt)

P = (0 :d)xﬁsdsmkwm’ 510.1 kiN/m2

Henee (i) Pressure developed by the closure of the valve in 1 sec = 510.1 kN/m?
(i) Pressure developed by the closure of the valve instantanecusly = 3643.64 kN/m?




2.9 TypesofPipes

Oepending on constiuclion ma(enais follwing three types of pipes are available for various use in the
waler supply system, s

1. Metalfipes 2. CementConcmte Pipes 3.Plastic Pipes

1. Metal Pipas: Following type of metal sipe are used

) Caskironpipes ' (i} Sisel pipes

(i} Wroughtiron pipes {iv) Cupper, lead and brass pipes .

{) Cast Iron Pipes: Cast Iron pipes are most wicidly used in water supply for trunk as well as
diswributary mains due lothere curability. slrength, resistance 1o corrosion, ease in laying and
simplicity in repairs and mialntenance. There are two general processes for manufacture of cast
ironvrater pipes : (a) Foundry method, (b} The centriluga! process
{a) Foundry Method: Foundiy methed of casting in fitz sand moulds of more popularly

brown pit-cast pipe. Pipes are cast in vertical moulds with hub end down lor pipes
grealer than 45 cm diameter and harizontally castéd pipes are called Mc, Wane Pipes.
{b) The Cenirlfugal Protess: in tms process. the core Is omitted and the mould placed
herizontelly i§ rcmeawh;!e thefron s pored so fhat by centrifugal forca tha mollen iron is
evenly distribuied areund lhe mould,
¢ Pipes made by cenirfugal process is havmg less variation in thickness, sironger and more
uniform as well aslighter. . X
» Theyare popuiaﬂyknom as.spuniran. ) . Lo
Disadvantages of cast Iron pipes are: TR
*  Waler carmng capacity deerease with lhe lima, as the valve {riction faclor increases due to
(uberculation incertain waters
*  They cannot be used for high pressure, Generaily not used lor pressure above 700 kN/m?
s Whenlarge, they are very heavy and uneconomical
* They are likely lo break duting Iransportation or while making connection. '
{l) Steel Pipes: Steel pipes of larger sizes made from sleel plala made to circular form
¢ Used as water mains passing ovar bridges and culveris of longer span.
= . Stesp pipes ara frequenily used for raw water lrunk mains, inverted syphons, or pumping
mains, where pressure is high and sizes are larger.

* Lifeis generally taken around 40 years undar ordinary condilions.

« Steel pipes are not adopted to withstand externa! loads ackfill, rralfic etc. while a
pariial vacuum caused by emplying of the pipe may caudt™: "lhpse or dislortions, if not
designed properly. L

tioe i

NOTE: To protect from higher nsgalwe pressure, pipes are coaled trom inside as well as ou!mde wilh1:2
cement mortar.

(it} Wrought Iron Pipes: Wrought imn pipes are lighter than castiron pipes and are easily threaded
and worked.

[

* For protection against corrosion, Ihey are galvanised with zine coaung ang are known as
“Galvanised iron Piped”.

« Due o easy workability, Ihey are used for waler distribution lines inside buildings.

Eén 'memhe :

<

’ G i Pnpes am l;ab1e to be alrected by acidic and alksllne water -

(tv) Coppar Lead and Brass Pipes: Pipes of small diameter known as conduits are manulacmred

with copper, (ead and bress for specific uses.

« They are moslly used as a part of Ibe plumbing work ol buildings such as gooserieck, hot
waler piping, chiorination and alum during piping of waler supply system.

o Copper pipes are although coslly, they are used i acidic and atkaline environmenls as
they are highly resistant to acids and alkaline

s Theycanbeused for carr)'ring hot vater inside building and factories because ihey can be
bent easily and do no} sag due 1o heat.

« Brass plpes are harder than copper pipes and are used for decorative plumbing.

= Lead plpes are more common in sanitary plumbing.

| ‘ad p!pes a.re nol used lo comray domesuc water supply because n may cau:.e laad poisonmg

2. Cemen\ Concre!e Pipas They are oI fono\'nng lypes
{3 Preslressed comrete p:pes " (i} Relnforced cement concrele pipes
(i} Plain cement concrete pipes {iv) Glassfibre reintorced concrele pipes
(v} Vitrified clay pipes, ._-:j . " (vi) Asbesios pipes
{) Presiressad,concrels plpas .
*+  Made by tensioning high tensile wire vround spirally a:ound cylindrical core.
«  Core consist of either concrete’ of of athin sleel cylinder.
. Advanlage of pre-slressed concrete pipes is that they are found to be cheaper than other
pipes ¢ aboveSOO mm diameter al higher pressure.
» They ara comesion resislant.
+ Disadvantage is that they have gol very limited {lexibility.

(i} Relnforced cement cancrets plpas
+ RCC are similar 19 pre-siressed LOHCFEIE pipes except that in place of high lensite sleel
wires mild sleel rods are used.
* Theyara available in diameter from 200 mm Lo 1800 mm.
= They are mostly used as water mains.

Advanlage:
+ They ¢an resist exlernal compressive loads and do not collapse under nominal vacuums
" and traflic loads.
= They are no! corroded from inside by normal potable water and (rom outside by ordinary
soils,
= They are quite strong and have life of 75 years or so.
» They are easy 1o consirucl al sites or at factory.
s | laid under water, the emply pipes do not {loat because of heavy welght

Disadvantage:
« Theyare likely to gel correded by ground water due to presence of acids, alkansor sulphur
compounds.

= They are difficult to repair.
*  They cannol withstand very high pressure.



* They are heavy and bulky, hence dilficull 1o transporl.
« Theytend to leak duo lo shrinkage cracks and porosily.

Tablo: 2.1 Ocdinary RCC plpes as per 1S 458: 1988
Catogory| Diaavallabla |Tostp u Places whore used
In kN/m
Class £, | 80- 3200 mm 200 Used on gravity mains, design pressure not
exceeding 273 of tes| pressura
Class P, | 80-8600mm 400 Used on pumping mains, the design pressura not
) exceeding 1/2 of the lesi pressure.
Class P, | B0 -400 mm 600 “do !

{lll} Plain cement concrete plpes
¢ They are manufactured in small sizes (i.e. upto a maximum of about 0,6 m diameter)
* Theyare reinforced wilh steel for large diameler pipes.
{iv} Glass librae reinforced concrele pipes
* Alkali resistant glass libre are used.
*  The reinforcermnent is sironger than ordinary steel and are more resisiant to the normal
corroslon agencies, hence, lesser pipe (hickngss is required,
{v) Vitrilied clay pipas
* Theyare generally not used as pressure pipes for carrying waters bul are extensively used
for carrying sewage and drainage al partial depths.
* These pipes are free from corcosion
» They are nol used as prassure pipes because clay is very waak in'lension,
(vi) Asbestos plpes: Asbeslos, silica and cemen! are converted under pressure lo a dense homo
generous material possessing high sirenglth called asbeslos cementl
Advaniages
¢ They arelight and hence easy lo Iransport
* - They can be casily assembled withou! skiiled labour.
* They are highly resistant lo corrosion
s Expansion joinls are nol required as he coeliicien! of expansion is low and the joinis are also
flexible.
« They are very suilable lo be used as smail size dislribution system.
Disadvantages
» Theyarecoslly :
¢ These pipes do not have much strength and are brittle and soll.
* Therubber joint seals may deleriorale if oxposed (o gasoline or other petroleum producls,
hence cannot be used for Iransporting petroleum producls.

‘

Piastic Pipes: Following types ol plastic pipes are used in waler works for valer supplies
{iy Unplasticised poly vinyl chloride (UPVC) pipes (i} Polyelhylene pipes
(i) Glassreinforced plaslic (GRP) pipes

{1) Unplesticlsed poly vinyl chloride {UPVC) pipes -
¢ These pipes are used for waler distribution syslem in size ranging from 15 {o 150 mmin
! diameler
» The main advantage of UPVC pipes is ils resislance 10 corrosicn
« These pipes are composed of poly viny! chioride plus necessary additive for getling surface
and limish and mechanical strength.
= Lightnessand resisiant lowiderangeof chemicals, fungi, bacterias, comosive agents areits main

advantage.
. Due 1o their elastic praperty, they can wilhsiand del'ormahon resulling from earth shock
imovefrient. .
. {'rhe re nol suilable for hol water suppiy
{in Polyeﬂ%ﬁena pipes :

* Polyethylene is a thermoplastic material, whu:h so!tens with heat. In ils natural state, it is
translucent but when used for pipes a black or blue pxgmem is added toreduce the degrading
alfect of ultraviolet light.

»  Theyare light in weight and llexible, resistant lo abrasion and corrosion and have beller
impac resistance at low temperature than UPVC pipes.

+ Twolypes of these plpes are available for water supply purpose.

(8) Low densily polyethylana (LOPE) pipes, - (b} Highdensily polyelhylene (HDPE} pipes ‘

{Ii) Glass Relnforced Plastic (GRP} plpss: They are manuiaclured of isophtalic and bisphenol |
polygster or emoxy resins relnforced with glass fibre.

Advantage of Plastic Pipes:
+ Resistance to corrosion ¢« Lightweight
* Toughness + Rigidity

«  Plastic pipes do not become piied or Wwberculated
»  Low thermal conductivily ensure water ransparted al a more unijorm lemperature

Conslder {he following statemsnts:

The baslc difference between water pipes and sswer plpes s

1. Inlhe material used for the pipes 2. Inthe prassure of the liquid flow

3. inthe suspsndsed sollds they carry

Which ¢f these statements is/ars correcl?

() 1and 3 {b} 1only (c) 2and 3 {d) 1,2and 3

Ans. (¢}

Cast'iron pipes can be used for boib water pipas and sevier pipes. However, the basic differenceis
pressure llow in walgr pipe and suspended solids carried in sewage.

SRR aicn List| (Type of Pipe) with Ust-l (Purpose) and select (he correct answar

using the codes given below the lists:

List-I List-
A, Sleslpipe 1. House plumbing
B. Castiron pipe 2, Hot water carrying
C. GiPipe 3. Distributionmain
b, PVCpipe 4. Pumping main




cC D A B C D
2 3 ® 4 3 2 A1
4 3 @ 2 3 4

#

Match List-! with List-il and select 1L U correct enswer using the code glven

balow tha lists:

Ust-) S Listl A
A. Steelplpe “1.  Highly resistant to cofrozicn but can braak easily
B. Concrate pips 2. Virtually corroslon reslstant
C. ACplpe 3. Sulphlde corroslon
D. Vitrifiad clay 4. Elpctrolyte corroslon
Cades: P ot LT s

A 8 C.iD A B vCD

(a) 2 3 1774 .. b)-4 3 .1.2
(¢ 2 + 3 -4 T @y "4 17 32
Ans. {b) T

The biggest drawback of the ccncmte sewers Is.lhe fact il“al lhey eas;.y gei corrodad and pilled by
the actionof suiphur‘ec acld producetf!mm rydrogan surpmde gas (evoi» ed from the slala sewage) or
trom such other chermca!s presant !rrsewage : .

The sulphide corrosion cemegl congrelg pipasis ablg problem in areas where the sewage is strong,
stale and very warm because under such conditions the bacterial aciivity responsibla for producling
hydrogen sulphids gas gets accelefated. Hence, in all such cases, vitifled clay {popularly called
slone ware) pipes should be used fof sewers as itis highly resistant 1o corrosion.

(PP S,

2.10 loints in Water Supply Pnpmg

Waler supply pipes whether main or sub-mains are available in small fangths. Hence, ;o~nts have golan

important pant to play in piping system. H

Following are the important types of {oinis in water

{) Spigol and socket joint {il) ‘Flanged joint A
{ii Expansion jolnt (iv) Collared joint IR v
(v} Flexible joint {vi) Threadedioint T
{vii} Simplex joint m'ggmdp‘; !
{1} Splgot and Socket jolnt = AN <=
¢ Thejointis also called bell and spigol joinl. '
« Theenlargedendis called ‘sockel’ o ‘pell’
whereas the normat end is ¢alled spigot,
¢«  Thenormal endis fitiedintothe socket and
proper alignmenl is done.
« Theyameljuleiswounded round lnesp.gcl
‘end and a rubber gasketis placed lightly. Fig.2.14 Asocketandspigotjoint

{il} Flanged Joint Boht

L)

The remalning space between the socket and Lhe spigot is finally filled with mollen tead. Tha
mollen lead solidifies quickly and makes the joints water tighL.

The joint is some what flexible and allows lhe pipe lo be laid on flal curves without the use of
special mounting.

Moslly mains and submains of cast iron, spun ifon or sieel are joined wilh this type of joinl.

This jolnts are used for pumping stations, Rubbr wastar__
filter plants and al ather locatjons where {gasket)
the pipe line may-ba shifled.

These joint are used in steel pipes and
casliron pipes.

Twoflanges are brought togethar. keeping "'ﬁ’-;{;ﬂ% T
arubber washer {called gaskst) in between ;

them. They dre ihen'fixed by means of nuls
andbolls. *. ©

These joints are strong but rigid and hence
canncl be used where defleclions or
vibration are expected.

» They are expensive and moslly used for Fig.2.15 AFlangediaint

indoor works, -
{Il) Expanslon Jolnt ) Nt —y r C. followar ring Bt

s These joints are provided al suitable e -
intervals n the plpe lings, so as to i
counteract the thermal stresses produced b:xl S
due o temperatura varialions. L

*  For providing expansion jointsin castiron & ?::g‘: <
pipes, the sockel end is cast flanged and centor g of pipe. ——
the spigel end in plain.

{iv) Collarad Jolnl Flg.2.16 Anexpansionjoint

Conciete pipes are mostly joined by collared
joints.
Pipes are having spigot at one end and socke! at the ather and joined by a gasket and clean

cemenl. | |
‘ Coltar

[ zaizz]  Comentmeoter
et _

< Homp —

Conlre iina -

Fig.2,17 Coltared Join(



{v) FlexIble Joinl Followor ring

» These are used where large seals, llexibililies are ! =~ Nul
raquired. Bolt —+ Rubbar gaskel
¢ The pipes lo be provided wilh such a joint are cast i Relalning ril:g
with special types of ends. The socket is spherical N ]
and the spigot having a bead al the end. 0 _O
{vi) Threadeg Joint Gland Ring

Threadad joint are used for connecting G.1. pipes. ! , Flg.2.18 Flexiblejoint

Pilpc SoIkel Pipe

'

Fig.2.79 Threadedjoint

{vll)Simplex Joinl
«  These joint consisis of a pipe sleeve and two rubber gasket
« These joints are used in asbestos cement pipes

2.11 Corrosion in Pipes (Metals)

«  ‘Whenwaler flows through a metal pipe (such as a castironor a sleel pipe), IL altacks and disintegrales
the surface of the pipe. The material of Ihe pipe thus gels dissolved and rusted. lhereby reducing
the life and carrying capacity of the pipe. This phenomenon which leads 10 the disintegraling of the
pipe is known as corrosion. The corrosion of pipes reduces their life and carrying capacilies, and
may also impart colour and odour (o the llowing water.

»  There are many reasons of corrosion, bul carrosion of melal pipes may often occur dug 1o eleclrolysis,
Stray (D.C) electric currenls from any grounded device may enler he pipe, and fiow throughi il 1o
some poinl of departure. Also when lwo dissimilar metals are immersed in an elecirolyle such as
waler, an eleclric polential is developed and an eleclric current starts (lowing between the metals,
The metal which lies high in the “electrochemical sefies” will get dissolved and deposilion will slart,
on Ihe metal which lies low in the "electrochamical seties®. Thus Ihe metal which is high in the series
tecomes the anode, and the metal which is lower in lhe series becomes the cathode. This type of
potential may develop between the pipe metal and the pipe fittings (of dillerenl metal); and aiso
between the pipe metal and olher metals present as impurities in the pipe metal,

»  Thus, il the material of the pipe fillings are such as 1o all in ihe elecirochemical series al a place
lower \han that of the pipe metal itsell nalurally elccirolyis will set up and the pipe metal will go on
dissolving. The dissolved melal being washed down by the lowing water, and thus raking 1t mpure.
The carrosion conlinues indelinilely, if nol checked, thus leading 1o the complete destruction of the
pipe.

Factors Rasponsible for Corroslon
— Oxygen content ol the water
— Temperature and Soil bacteria

— pHvalve

— Moistura content
— Composilion of pips material )

« In genaral, the corrosion of melal pipes may occur if iron enter solulions as posilive ions {i.e Fer*
ions) and combines wilh the negative ions of water (i.e. OH-ons}, thus forming ferrous hydroxide
{Fe{CH),] A

o iFett + 20H - Fe(OH),
¢« When wa{grjs; ':ilkaﬁne and free from corbon dioxide
2Fe(CH), + —; 0, +H20 -3 2Fa {OH), (Farric hydroxide sticks o anodei.e. pipe surface)

«  When water s acidic and contains free CO,

Fe{OH}, +2C0, — Fe(HCO,), Ferrous bicarbonate
2Fe(HCO,), + 0, +Hy— 2Fe {OR); + 4CO, T {Femous hydroxide slicks 1o ancde}

*  This terric hydroxide [Fe{OH]),] is in the form of insoluble red precipitale and gels deposited on the
pipe surface.

« This leads to the formalian of tubercules of terriec hydroxide on the inside surface of the pipe, 1his

process is known as “lubsrculalion®. Tuberculation leads lo inctease in pipe roughness ang hence
reduce the carrying capacity.

Corroslon Controf

{0

(i}

{il)

iv)

Corrosion af metal pipes may be reduced in various ways as described below:

Protective Coating
*  Pipe suriaces are coaled wilh coatings of paint, galvanizing bituminous compounds, cement fiing, elc.
« Red lead painl and zinc pigmenl are used for painting ihe exleriors of the pipes.

Selecﬂng proper plpa material

= ‘The pipe metal may be chosen [0 be more resistant lo corvosion

= Certain alloys ol iron or sieef with chmrnium.ycopper or nickel found to be betler than the pure iron
angd steel. .

+ |fsieeloriron are lo'kl:e used then they should be as pure as possible.

Qué!ity of water

»  The water passihg through the pipe should be made a5 less corrosive as possible.

+ This can be accomplishad by raising the pH of water by adding alkalinily in the form of lime of
powdered chalk. :

« By reducing the dissolved O, and CO,.

« By adding chemical compound vhich reduces tuberculation such as sodium hexa-metaphosphale.

Cathodic protection

« Elecuolylic corros?on can be prevenied by connecling the pipe with negative terminal of a D.C.
. generalor and posilive lerminal wilth blocks of zinc or magnesium buried in the ground near the pipe.



Exampie 216 Whlch of the lallowing are the advantages of cast-lron pipse forits usa in waler )

supply? 3

1. Resistant fo corrgsion to a masunable extent 2. Vary easy lo Jain the pipes |

3, Easy lotransport 4. Longer iile :

Sslect the correct answer using :he ¢odes given balow: ‘

{a) 1,3and 4 {b) 1,2and 3 {c) 1&nd4only {d) 2,3and 4

Ans. {c) ’

The advantages of castiron pipes are: '

() Moderateincosl (@ Zasylojoin

(iii} Srongand durable {iv) Comosionresstant

(v} Longlile ‘ {vi) Service connzclions can ba easily made

But if their size becomes large, (héj\ thay are very heavy and uneconomical. Also they arg fikely lo

break during transportation or while makif: connections,

2.12 Pipe Appurtenances :

When pumps fift water and water is deltivared mrough Jarga dlameter pipes 1o treatment planis and
distribution points , lor safely and proper funclioning of the supply and loisolate and drain the pipe line, lhe pipe {iii)
ling Is divided in several section, for fest, mspec!!on cleaning and repair. A number of appurtenances provided
such as gates, valves, manholes, insulation jaints, expansaon jo,n:s anchorages elc. are al several suitable
places alang the pipe ling as described below.

Slatie head (wm? tharg 1s na Nlow)

___________ H.G.f Intake
Alrvalvo ‘—Summl “--_f::- e foServoil
ot Sommit polnd =gt
A vov —l Golovale 2
Gale ==
1 vilvo Alt vaten
Blow off or - Alrvolvo ] {iv)
Druinvakve - . Slow otfor  Ofetridution

Dwinvalve  resarvolt
Blow off or Drgin volve  or Sceur valve
or Scour valva

Fig.220 Profileofthe pressura pipe showing the locations of gates ang valves

{n Gate Valves or Sluice Valves !‘” Ny
» These valves are used lo regulale the llow of water through e
the i g oug Who& 3 | |~—spinde
pipes. hoada e

+ Theyaregenerally located aleng the large pipe line atintenvals

of about 3 lo 5 km te divide the pipe inlo different sections. Wedgu shaped
3 drouler disc
* These valves are placed at the summils of the pressure ot vaivo

conduils. : [l
*Summits' represent the point of low pressure. m

+ The valve is mace up of cast iron with brass» bronze or =
stainfess stasl mounting. Fig,2.21

= Theyare either solid wedge type or double disk type. Vertical section of a typical slulce valve

AlrValves

CheckValves

-

These valvas are placed along the pipe at
*summits® on both sides of the sluice valves
and also on the downslreamn side of all other

ut 3 Waer loved
sluice valves skt

These valves are also known as air inlet valves
because walet llowing hrcugh he pipe fine
always carries some air wilh it.

This air tends to accumulate 2t the summil of
pipe line. The accumulated air obstruct the
free flow of waler and the pipa may gel air d
locked.
Air relief valve are, \herelore required 1o be . ;

Fign
provided at all summnt to.remove the Flg.2.22 Venical section of a poppet type air-valve
acoumulateda]r o -

These valves are also known as non-return valves or reflux valves.

Thay allow lhe water to flow in one direction only.

They may be insla]le'd o the delivery side of the pumping set so as
1o prevent the back flow of slored or pumped water, when the pump
is stopped {Figure 223).

when the pump is cperaled, the valveis opened, bul when the pump
s suddsanly stopped lhe valve |s auloratically closed. This prevent
hackward low of water (o tha pump (Figure 2.23).

Fig.223 SwingTypeol
Chack Valve (Flap Type)

Relief Valve or Safety Valve

L]

These valvas are also called prassure relief valves or safely valve or cut-all valves (Figure 2.29).
These valves adjusted to open out
automatically as soon as lhe pressure in pipe Spiing vath

- . agjusiabin scling
exceeds a certain lixed predelermined value

and lhe excess pressure s released

instantaneously. Thus, the pipe line is 'f,‘;"‘f“"\ >

prolected form bursting.

As soon as the water hammer pressure (| L Stulca
reduces. and the pressure in pipe falls, the )~ . - T’g"’“’
valve will close aulomatically. ! i

Waler hammer pressura in pressure pipe can s s ot ot

be reduced by using these valves. Fig.2.24 Verticalsectionofa

Such lypes of value are useful for small pressure refief valve in open posilion
pipelines.



v)

vl

(vii)

(viii)

(ix)

(x)

{xi)

Scour Valve or Blow Off Valve or Drain Valve
= These valves are also known as washoul valves.

* Toremova Ihe enlire waler fram pipe aiter closing he supply, small gate valves are provided at law

print.

« These valvas, are necessary al low level poinis far complelely emplying the pipe lor inspeclion,

repairs elc.

* To avoid the possibilily of pallulion
fravelling inlo the water pipe, lhere
should be no direcl connection
balween the valve and the sewer or
drain,

Foot Valve

« These Valve is used at lhe end of
pump suclion pipe, Fig, 2.25

»  They prevenl enlry of debris into the
pumping syslem and back flow.

Butterfly Valve

« They are used 1o ragulate and slop
lhe flow especially in large size
conduils,

» Theyare cheaper lhan shiice valve lor
larger sizes and ocoupy less space.

* Theyinvolve slighlly higher head loss than sluice valves and alsoare
not suitable for continues throllling.

Padking or
GlabeValve gland nut
«  The flow changes ils direction 90° twice a lime, which causes high
head loss.

« These valves are used in tap or small bore pipe work, allhough a
varialion Is used as a conlrol vatve.

Needle and Cone Valve

«  Similar to sluice valve but are more expensive than sluice and butterfly
valves.

= llis suilable lor throllling flow. Fig.2.26 - Globevalve

* These valves are nol commonly used in water supply bul are occasicnally used as waler hammer
refease valves. ' '

Ball Valves or Ball Float Valve .

= These valve are used to mainlain a constan! level in a service reservoir or elevaled tank.

*+  Inboih cases. the lloat lollows the water level in Ihe reservoir and permit the valve 1o admil acidilional
water on a [alling Tevel and less waler on arising level and to close entirely when the overflow level is
reached.

PilotValve

= [lis a small valve that controls a limiled-fow control feed 1o separalc piloled valve. Typically, this
controls a high pressure ar high flow feed.

Watar
pragsure

{xif)

(xili)

{xiv}

(xv)

* These valves are often used in crilical applications (i.e. emargency and salety controls) and are
human operated.

Stop Cocks

* They are praclically sluice valve of small sizes {Fig. 2.27).

» They are provided on the pipe ling leading lo wash basin, water {ank elc lo stop or open the flow of
waler when necassary.

+ They are made of gun melal or bass.

BibCocks

+  These arg Srhalf size water laps which ate fixed on the pipe line inwash basins, bathrooms, kitchens
elc irom{:hgf (he consumers oblain water. (Fig. 2.28}

. Generally'qf of brass or gun metal or plastic

Stop Cack
Fig.227 StopCocks

Flg.228 BibCocks

Fire Hydrants
+ These ara used in an outlel provided
n a water gistributlon main for

‘-C.I.Cmu

tapping walerin caseol fire outbreaks. ! Bard
+ During a fire breakoul, the nearest 1 Spindo
hydrantis connected o the firehose, _ o

which 1akes waler to the fire engine
loboost the pressureto alleast32 m
of waler head so thatwater canreach
mulli-sloreyed building (Figure 2.29).
*  They are of two types

(a) Flush lire hydrant : They are provided below road level.

l (b} Posl lirs P}ydranl . They are provided
above road level,

Hixn Pigm Uno
®) Froh Hydiont

Fig.2.29 FireHydrant

Water Meter

' quanlity of water llowing through a parficular
point.

+ |thelpsdirecliy to compule The volume of vaater

used. £ig.2.30 WalerMeter




v The domesiic type waler meler aré emplayed for house

€ fitted into the servica pipa with unlons, which
enables the meter 10 be changed where necessary.

The Meters may be of following types -

(2 Displacement typea or positive displaceme st meter
* Itrecords he numbet of imes confjminer of known volurzis filted up and emptied by He flowing water.
*  Thevolume otwaler can be calculated from the readiry.
= {sed in residential houses for measuring sniai tlows,

) Velocitytypeorinferentialmeter }
*+ ltgives areading according lo the velocity of flow of water.
The volume can be calculated froiv the manufaclure’s able according to the meter reading.
They are used for measuring highfflows. -
They are generally not used [or small domestic supplies.
They are used for measunng supp!reu of industries am uade

* & & @

Match List-I' (Va!ves) with List-4 (Llses} and eelect the correct answer using

the codes glven betow tha listé: .
Ustt T LSt :
A. Slulee valve . 1. Used where ;ravity flow Is raquired through plps line
B. Chack valve 2. Used to malntain constant isvel of water
C. Alrinlet vaive "3. Used for reversal of flow
D. Balivalve 4. Usedlorisolaiing -
. Codes: -

A B C D A B C D
a} 1+ 3 4 2 ® 4 2 1 3
¢} 1 2 4 3 @ 4 3 ‘5 2
Ans. (d)

Sluice valve can be used to isolate any part of dislribution syslem during repairs. Air inlel valves
release high pressure and admit air s‘unng vacuum. Thus thay ensure grav:&y {low under almospheric
pressure.

Ball valve are provided in thz cislern to maintain constant level of water. They are also provided with
overllow pipe to drain out excess incoming water.

Match List- {Fixture) with List-Il (Purpose) and seiectﬂa correct ahswer using

the codes given below the lisls:
List-l List-Hl \

A. Surge arrester 1. Preventwn of reversal ef flow ina p!pe‘liﬂa
B. Butterfly valve 2. "Reguiating or stopping tha fow especially in large slze conduits
€. Scour valve 3. Conlrol of water hammer
D. Check valve 4. Drafning or emptying the pipafine section
Codas:

A B c D A B C ©D
fay 1 2z 4 3 e}y 3 2 4 1 ‘
&) 1 4 2 3 @ a3 4 2 1
Ans. {b)

2.13 Testing of the Pipe Lines
Afler the pipe lines has been laid, fited with all appurtenances and accessories, painied both from
inside as well as oulstde by means or proteclive paints atc, the pipe line will be lested for the soundness in its
construction.
Steps and Procedure:
() The pipelineis lested section by section. Thus al a time orly cne panicular section lying between
wo sluice valves is taken up for 1esting.
ti) Tha downslream sluice valve is closed and water is admilled into lhe pipe through Lhe upstream
sluice valve, the air valve will be properly operaled during filling up of the pipe.
(i) The upsiream valve, through which water vias admitted is closed, 50 as lo completely isofate the
pipe section from the rast of the pipe.
{iv} Pressure gauges are Lhen filted along the length of the pipe section al suilable intervals on the
CIoNN
(v} The pipe section is then connecled to the delivery side ol a pump through 2 smail by-pass valve
and the pump ls started,.so as lo develop pressure in the pipe.
{vi) The by-pass valve Is lhen closed and (he pimping is disconnected.
{vi) The pips is thus kept under pressure for 24 hours and inspected lor possible delects, leakage at
the joints. This compleles the test.
(viliy The pipe is emptied and the shserved delecls are reclified. So as 1o make (he line i for use.

For waler supply of a town, waler is pumped (rom & river 3 km away into a
teservolr is 20 m, The populéﬂcn of the town Is 50000 and per capita water demend is 120 liler/day. If
{he pumps are 1o operate lor a total of B hours and (he efficlency of pumps Is 0%, dalermine the horse
power of the pumps. Assume friction factor as 0.03, the veloclty of flow as 2 m/s, and maximum deily
demand as. 1.5 times lhe avérage dally demand.

Solutlon:
Average waler required = Populalion x per capila demand

= 50000120 sy 12y = 6000 mtd
1000
Maximum daily water required = 1.5 x 6000 m¥/d = 9000 m%d
This quantily has o be pumped trom the river in 8 hours Lo the reservoir

. 9000
Water lifted persecond = ——
Pel B x 3600

Velocity through ihe.pipe Iiﬂ‘ing the discharge {0.3125 m?/s) is 2 m/s (given)
.~ Dia of pipe (d) is obtained as

2x[%d“) = 03125

d= JE_\_QZS_xﬁ =0.446m =(.45m

mjsec =0.3125 m'f5

04

H, = Head loss through the pipe of 3000 m long and diameter 0.45m

V2  0.03x3000x2°

= T = 8077 m
2qd 2x9.B81x045




Total lift H = Aclual difference of WL in resarvoir and river + H, 0.04 x 1500 x 08552

=20+4077m=60.77m Substituling the value we gel,H,= ———e=r—or—=386m
2x981x 061
H.Pof pump = vQH _ 9812031258077 | o Neglecting enlrance and exist losses as wall as the losses in bend then we have,
0.735m 0.735x08 Total losses = H, = H,=366m
Head Including maximum suction and delivery head, agalnst which the pump has to work
2.14 Economical Diameter of the Pumping Mains . - =4543=48
+  Thediameler of a pipe can be reduced {lor passing a certain fixed discharge) by increasing tho flow Tolal head, H=366+48m=5166m
velocily through the pipe. . Watter horse power of pump = HwWaH 3. B1x0.25x5166 _ (95 4 mip
«  But, Ihaincreased velocity will lead to higher frictional heag loss, and thus increased cosl of pumping. N 0735 0.735
«  Hence, although tha dia and the cost of pipe can be reduced by choosing a higher How velocily, the Y ;",[

horse pawer of lhe pump required will increase, 1hus increasing the cost of pumping.

»  Foroptimum condilion, wa must choose such a diameler which together with the pumping cosl will Ilﬁ.l 5 h e E AALF m:;. ;,

make the Iotal annual expenses, the
minimum. The diameter which provides

A 1own of 200 000 population Is lo be supplled walsr from & source 2500 m
away. The lowest water Iavel Inthe soutcas Is 15 m below the watarworks ot the town. The demand of
water is estimated as 150 l.(capltaiday Apump of 300 HP Is cperatad for 15 hours. If the maximum
demand Is 1.5 imes the avérage demand the veloclty of ﬂow lhrnugh the rlsmg mainis 1.3m/sand the
pump efflclency Is 70% determma -

such optimum conditions is known as he
Economical Diameter of the pipe.

* An empirical formula given by Lea,
connecling the dia and lhe discharge is

D =097 to 1.22J0

Annual Cosl

where, . (i) Hydraullc gradie nt - 'i . {u) Frxcuon laclor for the plpe
D= Ec‘onornical dia(in meler)' , ‘ p— som"_‘m‘ , - iulaEt ot
@ = Discharga o be pumped in (m¥sec) Maximum Damand Population x 1.5 x average demand
= This relalionship gives oplimum flow velocity Fig.231 Sizeof Pipewith Annual Cost o T =2x10°%15x150=45MD
varying between 0.8 lo 1.35 mysec, The pumping is done for 15 hours & day, so maximum dlscharge raquired for pumping
_— ' 45% 10° -
From a clear water reservolr 3 m deep and maximum water level at 30. Water ‘ Q=15 < 15x3600 018333 m’/sec
Is 1o be pumpad 10 an elevated resarvoir at 75 at the constant rate of 9,00.000 litres per hour. The | . ., OH
distance is 1500 m. Give the economical diameter of the rising maln and the water herse power cf the now, HP = '0-7,—“35;;
pump. Neglect minor losses end take f= 0.01 (Darcy's Iriction coefliclent) - )
' 9,81x0.8333x H
Solution: . ~ 0 = 0.735x0.7
. 9x1 = ’ = 18.88m
Dischargs, 0= 9% 10° #h = ———o—mfsec = 0.25 m¥/sec
9 * 7000 x 3600 But total head (H) = head dlf(erence between scurce and water works + head loss due to friction in
For economical diameter of the rising main, by using LEA'S FORMULA, then we have, rising main.
D= 12200 = 1220625 = PR =1545
= . h=388m
D=0861m i A 3 83 _ 1
(17 ' )  Hydraulic gradient = = =
The hiead loss in pipe 2"9 " L 25v020 644
o IL
where, [=4f=4x001=004 (i) and, h= S0
. (9]
v = velocily of fllow=—= = 825 _ . 855 misec me Q _08333
n 2 Neow, B o=
& (015 1) 4 14 ] 3




: ) 8333 4
LA d= —Té“xz = d=09m

ne L2 :f;‘»ﬂ

- {= w = D.0162
2500 % (1.3 -

}

In a pumping staticn 10000 m? water Is to beralsed per day from an intake well
to asodknenlauomankundsr the static head of 21 m. Length of suction plpes and rising main are 40m
and 150 m respectively. Diameter of ptpes Is 50 cm. There &re two shilis of working of pumps each of
B hours. Take coefficlent of friction as 801 and combinad afficlency of molor and pump as 80%.
Recommend Ihe number of units af pump each having BHP of 30. ,

Solution: : .
Total Volume of waler o be raised per day in two shifts of 8 hours each = 18000 m.
.. Volume of waler lo be raised in each shift = E‘gﬂj- 8000 m?

. 9000 3
Discharge of water per shiﬂofﬁhegrs, 0= 3% 3600 " 03125 m°/s

The head loss dua to fiiction may b'e'g‘wen by Darcy-weisbach equation as belov

h = !;Lf..
2gd
Q 40
Yu ==
A nd®
R 2 gt g , .
= = fo f=4r]
29d m:F " 121 12
4x00 p.a125)
= AXO0IX IO o given £ = 001 and d=05m]
: 12.1x{0.5)
= b= 1.96m IN
Totat head against which pumping is done = stalic head + head ios., due |o friction
. =221+196=2296m Y
So. il 1 is the efliciency of the pump set, then brake horse power (BHP) of the pump is given by
OH
BHP = —1¥
%0735
= BHP = 9.81xD.3125%22.96 = 119.7 mHP
0.8xD0.735

= 4 thus, 4 uaits of pumps each havinga BHP

Total number of units of pump of 30 BHP gach = ! :;J 7

ol 30 can be used.

A 30 cm dlameter weli penslrates 25 m below lha stallc watertable. Atter 24
nours of pumplng @ 5400 litres/minute, tha water level in a test well a1 90 m Is lowered by 0.53 m, and
in a wall 30 m away the drawdown is 1.11 m. (a) What is the transmissibility of the aquifer? (b) Also
determine the drawdown in the main well.

Solutlon:

Since the well penelrates 25 m below the static water 1able, it evidently is the case of unconlined

aquiler. The Thiem's discharge equahon for such a well is given by equation as

!I:K[hf—h) \M"zele h, = d-5,=26-053=2447m
i e . : h o= d-s,=25-111=2389m
2.3!09,91} : r, = %m
1

f,=30m
C = 5400 #min = 5.4 m¥min = 0.09 m¥s
Substiluling the given values in the above equation, we have

314xK. [(24 47y - (2389 |

009 =

90
2.3
1090 5~ a0
o 0.09x 2.3 xlcg,p3 - 1921 % 10 mfs
XY [(2.47) - (23.69 |
Now T=Kd = 1.121 x 1673 x 25 m%fs = 0.028 m?%s = 1.68 m"/njin
(b) To determine the drawdawm in the main well, use lhe above equalion as
K (h?-hZ)
T ag.
2.3100,9 X
1.121x107[(2389)" - |
o 009 = 30
231 -—
310G 575

or n, = 12.08m
- S, = d-h,=25-1208=1292m

Hence, the drawdown in the mainwell = 12.92 m

v
]

Water is lo be supplled 10 a town wilh one lakh population at the rate of 150
litras per cepila per day from a river 1.8 km away. The dillerence in elevatlon between the lowasl waler
lsvel in the sump and service raservoir is 36 meaters. Determine lhe slze of the main and lhe horse
powar of lhe pump raquired. Assume suilable dala where necassary.

Solution:

Por capila demand = 150 lirres per day
Population = 1lakh
Average quanlity of water required!
= 150 x 1,00.000 lilres per day
= 15 million lires per day = 15 MLD




Assuming the maximum demand 10 be 1.8 times lhe average annual demand, wa have
Maximum demand = 15 x 1.8 MLD = 27 MLD

_ 27x10°
T

_27x10° cubic
"24"60)‘& melres per sec = 0,312 cumec

cubic melres per day

FFurlhzr, assuming thal the pumps are working for 12 hours a day 1o supply full days demand, we have

Maximum draft required = ¢ 312 2 0.624 cumecs
12 1

Now, assuming 1he llow velocily through the prassure pipe lo be i .5 misec, we have

Areaollhepiperequnred A= .9 Q%mz

Diaof the plpe requlred 0.728m
So use 0.75 m dia plpe -

Actual area provided = ~ x (0.75)° = 0.441m?

I
4
The aclual velogi - Ve Q_ -0:624" "
Voo A~ 0447 = 142mfsec .
Head loss can now be calculated by using
V= 0.85 G, ROS G054

Assuming " Gy= 120

R= % we have

142 = 085x120x(0?5] 505t

o 142 = 35.5 505

o 598 = %%:ooa '

or S= (o.oa)hT:»i"“=o.oozﬁ

or %:00025 . or 'H,=0.0026x 1800 = 4.68m

The head dillerence between the elevation of surnp,well and service reservoir = 36 m (given)
The head loss in supply main = 4.68 m (calculated above)
Tolat head iift required = 36 + 4.68 = 40.68m .

The power of the molor required = -’-‘-’—Ojj kW
n
where Y., = unit weight of water in kbN/m? = 9.81 kt/m?

Q = discharge inm%s
H = Total head lili required in m
= Efficiency of pump set

Brake horse power of pumps required {melric) is, hence, given as

’ Tw:Q-H
0.735 1

BHP =

1 Mstric A.P. = 0.735 kW
9.81x0.624 x 40,68

07 R065 {assumning n = 0.65) =522 mHP

.t HP. =

e Thexhorse‘pcwer of the purips car be reduced | by reducing the head loss{at presam 4.68m)
' ‘Jn S ﬂnce by choos ing: sma!ler ve!omty nnd thus blgger'sized pape Butln lhatcase the
081 o)dpe shall go up Ihat i§ why an ophmumvelocity ol about 1.2102.6 ma'sec Is generaily

: es a Y a_nrpus veiocmesand lhe cheapesx ya!oény choseﬂ keepmg in considetaﬁon ils non- .
s ing and non-scounng value

L)
N XA a-‘ i

agv,% poriant. Expressmns o
7o (8 ’-F

1. Discharge from Inmtrauun Gai!enes

R Whete,” 'Q = Total Discharge, k = permeabiiily,
Q=KL ( T ) L = Lengthof gallery, H = Static water level,
’ - h = cepthof waler on pumping equilibrium

A = Radiusolinfiusnce

2 Discharga from Pumping Test

a=k{2)a=Kas=ca
O-kw-A-k[L)A [ A5=C-AS

where, O = yieldof well

S = depressionhead

A= Area
2.
3. Discharge {Yield) from Recuperating Tes!, 0:(?310910 %)A s
, o ] uk(h§ - h,z )
4, Yieldof Unconléned Aquiler, Q= m
where, T = iH = coeflicient of Transmissibiiily, 5, 5, = value of drawdown
izt~
5, Yield of Confined Aquiler, @ = -—-—(1&—%)—
23031090 [—f)
1
& Darcy-Weishbachformula -
ey f-L.V?

here f=lrctionfactor=47

Head loss, H =



7. Manning's Formula

VL \ ‘
Headloss, #, = -z Where, n= Manrigrugosity coellicient, L = Lenglh of pipe
& ¥ = Velociy {mysec), A= Hydraulic mean depih
& Hazen-William Formula, V= 0.85 C,, - /7053 505 '
Where, C,, = Coeflicient of Hydraulic capacily, A = | [ydraulic radius (m)
S = Slope of enargy line, V= Veldcity o1 llow

9. WaterHammer Pressure l ¥
' - O where, C= Velcgity of pressuro wave vrave! (in misec)
y i:m- g ¥,  Normal velocily, g = acceleralion due lo gravily
10. BHP (Brake Horse Powar), 8HP= W1 - 900H
1 73xq
. 7 . @ i
11, Water Horsa Power (WHP), WHP = 9%553

Summary 1. Largerand older lakes, however provide comparalively pure water than smaller and newer

a1

o

lakes due to sefl purificafion. !
2. “Ranney Well* is a madern lechnique ta construct vertical well.
3. Cerainspring, sometimes, discharge hol water due to the presence of sulphtr inthem.
" 4. Toresisi the waler hammerpressure, we use piping material which is strong In tension,
«  Velocity of sound inwater is taken as 1433 m/sec
+ The biggest disadvantages of cask-iron pipe is tuberculation of pipe in certain water.
¢ Tossleguard againsthigher negalive pressure, the pipes are coated Irom inside as
well as outside with £ 2 cement mortar.
+  For prolection againstcorrosion, the wrought iron pipes are galvanised wilh zinc coating
and are caligd “Galvanised” lron pipes or G.1. Plpas.

*+  The corrosion of metal pipes can ba controlled by increasing pH, reducing CQ,and
Zn coating.

" Ohjective Brain Teasers

{0) Sluice vat'&‘.‘?{o conlrof llow of waler
through pipe!ineq

{c) Airvalve Toreleases the accumulated air

{d} Scour valve : To remove siltin a pipeline

Tworeservoirs at different levels are connected
by twe parallel pipes of diameler 2d’ and 'd".
The ralio of the flows in the two pipes {larger:

smaller)is
@ B:1 o 2:1 03 Th? following sleps are invclvgd in making a
) 4:1 @ 451 §p1g02 and socket joinl of cast iron pipes used
: in water supply syslems:

Q.2  Whichoneof the following pairs is not correctly 1. Tarred gaskel or hemp yarn is wrapped
matched? around the spigot.
{a) Chock valve : To check waler flow in al 2. The spigoi end i€'centered into the socket

directions end of the preceding pipe,

Q4

Qs

Qs

Q7

3. Ajointing ring is placed around 1he barrel
and against the [ace of the sockel.

4. Thegasketor hemp yarnis caulked slighty.

5. Mollen pig lead is poured and then caulked.

The correct sequence of these steps is

{a) 2,1.4,3.5 b) 2,1,3.4,5

c) 1,2.4,5.3 {d) 1,2.3.5.4

Sarvice connection consists of !
{a} ferrule, stopcock ang goosaneck
(b} ferrule, check valve and gooseneck
{c) stopcock, meter and sluice valve
(d) sluice valve, check valve and meter

The lollowing skatch shaws a water supply main
from a slorage reservoir provided with a shuice
valve:

Reservot

Maity

The type of valve most suitable for this pipelineis .

{a) airvalve

{b) scourvalve

{c) pressurs celial vaive
{d) None of Ihe above

In sanilary plumbing of buildings, a two pipe

syslem signilies

{a) separale soil pipesand waste pipe wilhoul
vent pipes

{b) a soil-cur-waste pipa and a venlilating
pipe

(c) separate soil and waste pipe and a
common ventilaling pipg ‘

{d) separate soil pipe'and wasle pipe, each
wilh its own venl pipe

Consider the following stalements:

While deciding (o locate an intake struclure
for 2 cily situaled on a river bank, intake for
water supply should be located

1. indeepwalers

2. suliicienlly away rom shore lines

3. upstream of the populated cily

4, near navigalional channe!

Q8

Qs

Q.10

Q.

Which of these slalemanis ara correcl?
(@ 1.2and4 () 1,2and3
(c) 2.3and4 (d) 1,3anu4

Cansider the following valves in a water
distribution system:

1. Check valve

2. Pressure-reducing valve
3. Airrelief valve
4
5

Scourvalve

Sluice valve
Which of these work automatically?
@) 1.3and4 o) 2,9and5
(c) 3,4and5 {d) 1,2and 3

Match Lisi-| {(Equation/Method) with List-N
{Applicalion) and selecl the correcl answer .
using Lhe codes given below the lists:

List-|

Manning’s Equation

Darcy-Weisbach

. HardyCross Melhod

‘Rational Method

List-t

1, Frictional head loss estimation in pipe llow
2. Sanilary sewer design )

3. Slorm sewer design

4. Waler distribution system design
Codes:

oomy»

A B C D
@ 2 1 4 3
© 1 4 38 2
© 2 1 3 4
@ 1 a4 2 3

Which one ol lhe lollowing valves is seldom
used in water distribution sysiems because of
high head loss characleristics?
{a) Builerfly {n) Globe
(c) Piug (d} Sluice

Sonoscope is used for which one of the

following?

(a) Checking lhe accuracy of water meters

{b} Regulaling the tire hydrants

(c) As a replacement of venlurimeler for
dischatge measurement

{d) Detection of leakage in underground waler
mains



Q.12

Q.13

Q.14

Q.15

What is the deplh of water seal in Lhe (raps?
(a) <25cm (b) 25-75¢cm
{¢) 7.5 ~125¢m  {d) Notlessthan 15cm

Cansider the {ollowing stalements;

In a waler supply syslem,

1. draln valves are provided al elavatad or
higher, points to remove accumulated air.

2, rellux valve allows tiow in ong direction
only.

3. drain valves are provided al low poinls lo

remove sill and other deposits.
Which of these stalements isfars correct?
(@) 1,2and3 . b} 2 onry
{c) 2amd3only : (d) ‘3 on!y >

Conslder the followlng sta(emenls
The dnsadvamages of amproymg sleel plpes

in conveyance and d;slnbuuon of waler,

are, lhey N

1, cennolwllhsland hlgh negauve pressures .
or vacuums that may be created inthem, . . .

especially the combined elfecls of vacuum
and external loads of backfill and traffic.

2. are easily aflected by acidic or alkaling
waters and even almospheric agencies
may produce adverse ellecls on them,

3. cannot be used tor high pressures.
{Generally nolused lor pressures abova 7
kglcm?)

Which ol these slalemenis isfare correcl?

(@) 1,2and 3 (&) 1and2only

{c) 2and 3only (d) 1only

Match List-1 (Soil classification of an aquiler)
with List-ll {Values of the range of hydraulic

conductivities in melre per day) and select the

correct answer using the codes given below
Ihe lisls:

Llst-1 List-ll
A. Fine gravel . 1010
B. Veryfinesand 2. 0.1100.01
C. Silt 3. 10010 1000
D. Pureclay 4. 10510 106

Q.16

Q.17

Codes:

A B C D
@ 1 3 4 2
(b} 1 3 2 4
© 3 1 4 2
{d 3 1 2 4

A commonly used handpump is tha
(a) centrifugal pump

(o) reciprocaling pump

{c) rotary pump

{d)! axia) llow pump

Consider the following slatements;
1. Inliliration galleries are placed along the
'~ siver teds at é deplh 4 10 6 m.
. The draw-down lor the infiltration galleries

" Ismore than thal for radial wells.

. 3 Cloggmg of pipe pores in infiltration

. galleries is less than that for radial wells,

"4, Thecos! of extracting unil volume of water

Q.18

Q.19

is more in case of infiltration galleries as

"+, compared aradialwells,
) Wh:ch of these stalements is/are correct?

(@ 1and2
(c) 2,3and 4

{b) 1.20nd3
{d) 4only

As recommended by Sichardl, the radius of
influenceis

(a) Inversely propartionai (o draw-dovn

(v) Unearly proporlional to draw-down

{c) Independent of draw-down

(d} Proportional to square rootof draw-dovin

The usual size ol residential ferrule bore varies
from

{a} 1mmi05mm

(b) 10 mm lo 50 mm

(c) 100 mm 10 500 mm

{d) 1000 mm (o 5000 mm

Dirgction: Each of Ihe next consists of hwo stalements,
one labelled as the 'Assarlion (A)' and Ihe other as
‘Reason (A" You are to cxamine these two slalements
carefully and select the answers 1o these items using
the codes given below:

Q.20

Q.21

Q.22

G Anmswers T e

S 2 (@

. {dy 12. {b)

Codes:

(a) Both A and R are individually true and R
is the correct explanalionof A

{b) Both AandR are individually true bul Ris
not the correct explanation of A

{c}, Alisrue but Ris false

{d) Aisfalse but R is true

Assertlon (A): In a steainer type tube wall,
stainer pipgs'are surrounded by vire mesh.
Reason (R): ‘ih's‘frevenls the fine particles
[rom enterin el pipe

Assertlon (A) : Rainwater is collected and
harvesled using slorage structures like
underground tanks for future use and also for
recharging the aquifer,

Reason (R}): Rainwater harvesling pils allow
the rainwater to percolals and recharge the
aquifer,

Asserlion (A): The.fea_kﬁge losses are lass -

when the water supply Is intermitlent.
Ressaon (R): Pressure Is.less in intermittant
waler supply.

3.{c) 4.{a) 5. {(c)
8. {d) 8. (a) 10.(c)
13. {¢) 14, {b) 15. {d}
18. (b} 18. {b) 20. (8}

(dy 7. {b)

(b} 17. (b)

21. (a) 22. {c)

Hints and Explanations:

Ans.3 (c)

The enfarged end of pipe is called ‘socket’ or
*bell’ and normal end is called "spigol’, Such
queslions are baset) on common sense and
notinformalion.

i suppose we choose 2 first, then it is
impossitie towrap tarred gaskel or hemp yarn
inthe pipe therealter.

So 1 should precede 2. Caulking means filing
the space. Now gaskel or hemp yarn cannol
be caulked after a jointing ring is placed
around the barrel and against the face of the

Ans4

Ans.S

sockel. So caulking of hemp yarn and pouring
of molten pig lead is to ba completed belfore
placing jointing ring.

(a)

Service pipe and water meter are other service
conneclions.

©

Water hammer phenomena will cause
considerable damage 1o pipe when sluice
valve is suddenly opened. Waler hammer
pressure can be reduced by providing pressure
refiet valve upstream of sluice valve.

Ans.11 (b}

Traps are the {ittings placed attheends ol ihe
soil pipes or the sullage pipes lo pravent the
passage of foul gases Irom the pipes 1o the
outside. This is possibls because traps do
enciose or maintain waler seal belween ihe
pipa and-oulside. This water depth does noi
allow gases lo escape lo the outside of pipe.
Tha elliciency and sflectiveness of a rap will
depend upon the depth of water seal.

Greater is this depth more effective the trap
will be. This waler seal generally varigs from
25mmlo 75 mm; 50mm being quite common

in most of the traps.
i

'w

Ciown

o Walar___,
seal

Dp

Ans.16 (b)

In the case of radial wells, pumping of waler
from substratum increases the cosl.

Ans. 17 (b}

The usual size of residential ferrule varies from
10mmio 50 mm. For connections of more than
50 mm diameter, a tee branch conneclion is

used,
anEE



