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Following are various m o hod will naturally depend on the
projections and the selection
available data: :

(1) Arithmetical increase method

(2) Geometrical increase method

(3) Incremental increase method

(4) Graphical method

(5) Comparative method

(6) Zoning method

(7) Ratio and correlation method

(8) Growth composition analysis method

(9) Logistic curve method.

f met

A brief description of each of the above method of forecasting
population will now follow: '

(1) Arithmetical increase method: In this method, the average
increase of population for the last three or four decades is worked
out and then for each successive future decade, this average is added.
This method gives low results and it is to be adopted for large cities

which have practically reached their maximum development
) A

ropfem 2.3,
v Tﬁe censu .
Presenl.‘.s..r.e.c.o -’f’:sf)f‘a aty show population as follows:
| Belore one decade ..................... 50000
Before two decades ................... 47100
I Belore three decades o ey S e 43500
Work out the probabe cer oo """ T e 41000.
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Present and first decades = 50000 - 47100 = 2900
First and second decades = 47100 - 43500 = 3600 -
Second and third decades = 43500 - 41000 = 2500
Total M
Average increase per decade = % = 3000.

The population after each successive future decade is obtained by
adding this average as follows:

Population after one decade = 50000 + 3000

= 53000
Population after two decades .= = 53000 + 3000 = 56000
Population after three decades = 56000 + 3000 = 59000.

(2) Geometrical increase method: In this method, it is assumed
that the percentage increase in population from decade to decade remains
constant. From the available census records, this percentage is fixed
and then population of each future successive decade is ‘worked out.
The flixation of percentage in case of developing cities should be done
carefully. Otherwise this method is likely to give very high results.
This method gives better results for old cities which are not undergoing
further development. :

As the increase in population is compounded over the existing
population every decade, this method is sometime also referred to
as the wniform increase method.

The assumed average growth rate can be computed in the following
two ways: ) ' :

(i)  Arithmetic average: The average of the percentage growth
rates of the several known decades of the past are worked out and
then, by taking the arithmetic mean, the constant increase per dea(?e
is obtained. Let a;, &, &, etc. be the percentage increase In
population from decade to decade.

' ay + ay + a3 + ...

Then, - a=
. n
where a = arithmetic average
n = number of decades.

(ii) Geometric average: In this method, the average growth rate
is obtained by the geometric average as follows:

L]
a = '\/81 X 3, X a3 Wiinissers
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problem 2-4:
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2-3 by using the ngem/c,aL i
m & g

; in populati
Solutlon: age: The ercentagé increase In population
rithmetic averas= follows:
(1 B)('j ato fecade 1S worked out as 47000
from decade 2_0‘0_0—9_____,_ x 100 = 6.16

des 47100
Present and first deca
' : 47100 - 43500 % 100 = 8.28
-— /—'— .
First and second decades = 43500 "
) 43500 - 410 X 100 = 6.10
Second and third decades = —’Tl—or Sk
. Total 20.54
2054 _
Average percentage === .6.85, say 1.

The population after each successive future decade is obtained by
adding this percentage increase as follows:

Population alter one decade = 50000 + 50000 x 0.07 = 53500
Population after two decades = 53500 + 53500 x 0.07 = 57245

Population after three decades = 57245 +57245x 0.07 = 61 252.
(2) By geometric average: In this case,

&’agrage population = V] 6.16 x 8.28 x 6.10
\CTERE

v « = 6.78, say 7.
- Hence the population
same as above, '

aft "
& each successive fytyre decade will be

(3) Incrementy Incre, ]
sbon irease  method: This i
is first worknelstho(:i& "’ o o
values, the jncre
the advantages
v satis!actory result

Problem 2.5,

¢ population the
by the ari of each Successive future decade

thmetica] ;
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of both i:ie Per decade is aggeq hﬁdthand lo'these
¢ 3bove meth s an& henl:se c%mbl.n&s
Z it gives

L o s e i

RS R

Quantity of Water 29
Period ‘ Increase of population Incremental increase
Second and third decades 2500
+ 1100
First and second decades 3600
- 700
Present and first decades 2900 -
Net + 400
Average incremental increase = 400 = 200.

Average arithmetical increase } — 3000.

as worked out in problem 3

The population after each successive future decade is obtained by
adding arithmetical increase and this average incremental increase as
follows:

Population after one decade = 50000 + 3000 + (1 x 200) °
= 53200

P-pulation after two decades = 53200 + 3000 + (2 x 200)
= 56600

Population after three decades = 56600 + 3000 + (3 x 200)
= 60200

(4) Graphical method: In this method, a curve of population against
time is drawn for the city under consideration. The known census
records are put up on the graph to get the shape of the curve. The
curve is then carefully extended from present to future decades and
the population after each successive future decade is read from the
curve. The extension of curve in future decades should be based on
personal judgement of the designer and it should be assisted by probable
future conditions and past history of the city.

Il may be noted that graphical method indicates -the graphic
representation of previous mathematical methods. The nature of extension
will determine the mathematical method.

- Problem 2-6.

Work out problem 2-3 by using the graphical method.
Solution:

The population in thousands is plotted against decades as shown .

in fig. 2-2. The population after each successive future decade is obt_aincd
by extending the curve, shown by dotted line in fig. 2-2.
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; illi L
The curve of costin R5-i,-(,mlig .26 and it lnd|C21:<2-°«ct‘£?:‘t :::t molst
el has s(hc;\;rr:‘ with respect 10 the constru only
economic height ©
is 70 m.

Problgm 3-3.

i be well of diameter ) T
discharge of 2 tU
) kCalculagfc \.\t:rz:teer bearing strata and drawdo.wn are re:Eec;lvely ](E)":2
‘h'; 4es:n Assume the radius of circle of influence 00 m
an ' »

permeability as 20 m3 per unit area per day.
Solution:
2_ p2
Q= aP (H - h ;;
2.303 |Og|0 -;

In the given problem,

p =20 m> per unit area per day
H=10m
H-h=-4m
or h=H-4="10-4=6m
R =300m
r = 40m.
s 4 1% 20 x (102 - 62)
Substituting, @ =
| 2.303 % logyg o0
' 0.40

_7x20x16x4
T 2303 x 2.8751
607.30 m3 per day.

ya

prg);ém 3.4.

.The dfam-eler of a tube well is 50 c¢m. It is constructed in an
aquifer of thickness 14 m. The radius of cirdle of influence is 225

m. Assuming permeability as 30 m3 per unit area per day, calculate
the drawdown when the yield of well is 1900 m3 per day.

“Solution:

Q = *P (HY - p2)
-
2303 log,q X

r

i‘i -

ha |

—— PR S, e P e o -
o e e —— > e an e, NSNS L

e g

Sources

In the given problem: -

;\‘ Q -
P=130m per
H=14m
R=225m
r = 25 cm.
Substituting,

1900 x 2.303 x 2.4771
115

h2

h

Drawdown

1900 m? per day

1900 =

*

of Water Sy I
PPly .

unit aréa per day

X 30 x (142 = p2)
225 =
2.303 log, 222
910 535

= n X 30 (142 - 42)
= 142 - 42

81

9 m

(H-h) =14 -9

=5m

Problem 3-5.

In a recuperation test, the following results were obtained:

Initial depression head =
Final depression head =
Time of recuperation =

Diameter of well

8 m
5m
2 hours

4 m.

Calculate the specific capacity of well and yield under a head of 3 m.

Salution:
K = 2303 A log L
TOTT T T HY
. In the given problem,
A= 1X 4% _ A2
— 7 = 4:
T = 2 hours
Hl =8m
H2 =5 m
: 4n 8
Substituting, K = 2.303 5 log 5 '
= 2.95 m3 per hour under the head of one metre.
Then, Q= KH 3
— 295 x 3 = 8.85 m” per hour.
I
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o g yield of 360 litres
)| to g',ve4 m and the aquifer

: T d is
Find the diamelerf) y  hes
per minute. Th ork:;?\d.
soil consists of coarse
Solution: 0= [f_] Al
. ’ !
iven problem: g .
i q = Yield of well in @ per h
M =216 m> per hour
e 4 in m? per hour per m?
essed In
K _ 1 for coarse sand expr Rkt o
A of area of well under one me

= ’-‘-12- where d is the diameter of well in m

4 m.

\

Substituting,
21.6

2
nd
_ 2% x4
=1X 2

2 =28 =
b1¢
4 = 2.62 m, say 2.70 m.

Problem 3-7.

From the following dala, work out the most economical size of
tube well:
Yield of well . 7200 m3 per day

Thickness of confinedaquifer = 30 m
Radius of circle of influence : 300 m
Drawdown :5m
Permeability : 60 m> per unit area per day-
Solution: '
Q= ZT2PH-n
l R
qg -—
In the given problem, I

Q@ = 7200 m? per day

= 3 i .
P =60 m’ per unit area per day

R

|
'.
{
|
{
|

l

e P ——— T — —— e

\

a

\

\

t =30m ater Supply i
(H-h) =5 m '
_ R = 300 m.
i' Substituting, .
7200 = £712X 60 x 39 4 5
log @
_ r
log 220 =340 . 300
r : T = 2512
r — 300 v
=.—— x 100

3512 = 11.94 ¢m, say 120 mm.

Proble\nyé&

: A‘ tube wel_l having diameter of 20 ¢m
of thickness 25 m. If drawdown is 4.50 m and permeability is 40
is 4

3 ; -

m~ per unit area per day, calculate the vi s
‘ Y, e yield of tu in litz

per hour. Assume the radius of circle of influence as gi)f;”:rl\l " i

aps an artesian aquiter

Solution:
Q= 212 Pt(H-h
| R
og —
. r
In the given problem,
P =40 m’ per unit area per day
t =25 m .
(H-h =45 m
R = 300 m )
10
= —=010m
_ r =300 M
Substituting,
Q= 272 x 40 x 25 X 45
. log L
0.10
— 12240 _ 352017 m3 per day
34771
_ 3520.17 . 4000
24 :

— 146673.75, say 147700 litres per hour.

Scanned by CamScanner



oy EngineeTi™ :
t .
_ 3
o DOWET for the \\»Qrki g
106 110 :“_\'UVP v ng ‘
mps: ol |
r puii s use |
power foT PEEZ " . ps art _ |
! oWl mE\hmD ..o engINE {
.CO”U\UAQ o CE\;O,'"‘" ¢y g
ps: 3V motor-
of pumps: . ciecric mote ) !
(1) Stear engin (&) Bt ety deserbe |
- A crgme . oW e Of :
(2) Diesel \ove mechine will 7 . is clumsy and old fashioneq
e ol e T sesm €47 w consumes more fuel ang
3 (1) Steam engmec.)ll;: o & pre-eni-;e Also there is considerap),
? . Aty out - orking stage- k :
nis pradl@i’e 1o come 10 the ¥O xlopPe“‘ for cooling. 1L is howeye
tzkes more “:y when it i beind Sir_.,uations where fuel is Cheaply
loss of ener@y %% ced for large TS 60% to 70%.
reliable and can be ysed | cine is about

roncy of steam &hs
availeble. The efficiency

7e: The.initial €8t of this type of engine is higy
(2) Diesel engine: The.

<. 1t requires skilled supervision.
and it produces noise ci;xur:jyuac:rk;:m:l erngine o .il ta}FeS Vi,
lT“ed ea?g?:cels |? ox1s Sr(e)ﬁab]e and cor".suumes ;Bf quantity of fuel. The |
:’?iciency of ;iiesel engine is about’ 10% 10 . %. N |
(3) Gasoline engine: In this 1ype of engine, t Ptlgis olin adgezfgl__
is used as fuel. It is therefore very costly 'and hence i y 2dopted.” ™
It is suitable for working as stand-by units of pumps.

(4) Electric motor: This is the modern m‘achine to create power
for pumps and it is used for small 2nd medlu_rr? plant;. The motor
is compact in design and can be switched on immediately. It runs
smoothly and it is free from dust and smoke. It is found to be cheap
at places where electricity can be developed economically. However,
in case of sudden failure of electric plant, the whole system of water
supply comes to a standstill and causes great hardship. Hence it is
2dviszble 1o keep diesel engines or gasoline engines as stand-by units
along with electric motors. The elficiency of electric motors is about
90% to 95%. .

The above are the four machi
power for the pumps anq depen
nature of pump,-etc.; 3 Suitable

Nes which are adopted for developing"
ding upon the facilitjes, fund, design,

machine is recq
Horse-power of pumps: mmended. _
The horse- . _ : [
2 p°:’ '\::;‘:"e: e pumps i worked out as follows:
" of water i ]
~eo 1= total heag m.. 9 per second
Then.. HP L w :

! : ST

herse
of pu

Then,

where

Let

Then,

or

PRy 107

tp.m.ver or W.H.P. and the brake
dividing W H.P. with the efficiency

This is known as the water horse
-power or B.H.P. is obtained by
mp and mator.

E = combined elficiency of pump and motor.
WH
BIF- = 3E:

In this equation, the value of H is obtzined by the following equation:
H= h+ h[ )

h = total static head or diiference in level between the

lowest water level in the well and full supply level
of the tank

h; = head lost in friction.-
= Coefficient of friction
= Length of pipe in m
= Velocity of flow in m per second

f

/

v

g = Acceleration due to gravity = 9.81 m/sec?
d = Diameter of pipe in m :
Q = Discharge in m’ per second.

Q ﬁ

= v
4

4@

>
ad
Then, according to the modified Darcy-Weibach formula,

he _ A fl « (49)2
' T 200 T Tx 981 xd . X
Q2 . © 3
1214 B
‘Note: In working out the total head, the loss of head due to friction only
is considered as other minor losses of head are generally negligible.

<

Problem 4-1.

A city has a population of 60000. It is to be supplied with water
at 250 litres per head per day. Calculate the B.H.P. of motor to raise
the water to an overhead tank 60 m high. The length and diameter
of the rising main are 300 m and 30 ¢m respectively. The el_ﬁ;le:“cz
of motor is 95% and that of pump is 60%.- Assume f = 0.0
Peak hour demand as 1.50 times the average demand.
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golutlon:
Average

peak hour dtlmnd

W = 1000 x 026 =
h o= 60m
ek
h‘ — ——"’;
12.1d )
0.04 x 300 x (0.26)° _
Y =
12,1 x (0300
H = h+ hl

27.82 m

— 6000 +27.82=187.82 m

E = 095 x 0.60 = 0.57.

WH
Hence, BHP. = —
ence =E
_ 260 x 81.82
75 x 0.57
= 534
Problem 4.2,

Design a pumpin

. g station to raise w :
2 sedimentation tank 0 raise water rom an intake well to

with the following data:
Water 1o be rajseq per day
Length of suction pipe
Length of rising main
Coelficient of [riction
Diameter of pipe
Shifts of warkiq
Curation of e3¢

Combimd effici
Q -
Stati <Y of mot
3¢ head thrgygy, whi :;z:d pump
s to be Pale.

1

]

18000 m’
40 m
150 m
0.04

50 cm

2

8 hours
80%

e

Pumps
golutlon:
Water requirement per day = 180060 m?
Total pumping hours C = 2% B o= 16,
pequired pumping capacity per hour = ,‘ .if’?_g(’_ = 1125 m°,

Note: Since requirement ol water per day is 18000 M’ and the
pumps are 1o work only for 16 hours per day, the required purmnping

capacily PeT hour is obtained by dividing daily requirement by 16
and not by 24.

—JLZM = 0.31 m> per second

60 x 60 ¥

W.= 1000 x 0.31 = 310 kg per second
h=2lm ’

h fQ% _ _ 0.04 % (40 + 150) X (0.31)2
12.1.d° 12.1 x (0.50)°

1.95 m

h+h =21+195 =229 m

0.80.

WH

15E

310 x 22.95

=2~ °-=7° = 118.60.
75 x 0.80

Q per second =

o

1

H =
E
B.H.P.

1

Hence,

pumps as stand-by units.

Provide 4 units of pumps, each having B.H.P. of 30. Thus the
total B.H.P. would .be 120. Provide 2 such other additiona! units of

Problem 4-3.

%_ The water is to be pumped from a jack well to the service reservoir
| situated 2 km away. Work out the capacity of pumps and motors

lrom the following data:

Water to be raised per day = 8000 m’

Total hours of pumping = 16

R.L. of water level in jack well = 322.00
i R.L. of F.S.L. of reservoir = 342.00

Depression in water level during pumping = 1.50 m

Friction in rising main

Other losses of head due t0
bends, valves, etc. = 1m

| Combined efficiency of pump and motor = 63%

Scanned by CamScanner
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gineerInd y Pumps 1
y and ganitary End ol oo , ‘
P na *
water SPF 3 : Q= e X v
110 ~ gooom 4
Solutlon: cal Y1 day _ 16 where Q= dlSChaI'g}e
Water to be 1 ors 8000 _ 500 mJ. = 0.'03 m-~ per second
Total pumping ket 216 : d = diameter of rising main
ired pumping capacity P ) ond v = velocity
Require 500 0,14 m" Per sec = 180 c¢m per second.
= —==7 d
q 60 X 60 140 kg per secon P dZ :
0.14 = 0.03 = —x 1.80
= 1000 X d
W= 2) + depression hea 4
p =342 = 32 4 X 0.03
50 = 2'-50 m p ‘ d = .
20+ 1 X ' 3 7 % 1.80
po=ix2=2m = 0.1456 m, say 0.15 m.
Other losses = 1M T W= 1000 x 0.03 = 30 kg per second
{ = h+ by totne - h = (200 - 192) + (215 - 200) + depression head
za15042+ 1220 =8+154+45=28m
£ = 0W3/3 . ho— NG
Hence, BHP. = 5o 12.14° X
140 X 24.50 ‘ . - 0.072 x 200 x (0.503) = 14.22 m.
~ 5% 0.63 12.1 x (0.15)
= 1259, Ho= h+h
Adopt 2 pumps of 40 B.H.P. each together with one stand-by unit = 28+1422=4222m
of the same capaclly. | E = 0.75.
2{91’@"1 4-4, | Hence, BHP. = 71;%
mnkﬂ{i’t;:l‘:leoru:stlm ge”ralsed [rom a tube well to an overhead storage = 30 x 42.22
[Ono-wmg ity he BH.P. of the electro-motor pumping set from the _ 2725520.75 |
Discharge of 1y i : i tand-by unit
Lot e well = 30 litres per second Adopt 3 unlts. of 10 B.H.P. each together with one stand-by
ngth of rising main _ of the same capacity.
Coelficient of friction =200 m : :
R.L. of ground leve| = 0.072
R.L. of water leyel iy the wel) = 200.00 - QUESTIONS
sfres‘slon head = 192.00 1. Why is pumping of water required in water supply Pf?iedS? :
C‘ 01 Waler level Overhead =5m 2. What considerations govern the choice of a particular type o
ombined elfiien k- L ~
¢y of = 215.00 pump? ) o B
Velocity in rigiy, .d“‘”'PUmping sel 3. Discuss in detail the utility of air lift pumps in water SUpply projecs-
9 main = 75%
n a "
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Water supply and Sanitary
betwee
tes the hardne |
( about 5 degrees, 1S reasonably 4y
tasteless. Hence, for potable Water,
than 5 degrees but less tha,

126 o the total amount of soap solutjgp

The difference ss of water.

is observed. s
r indica

and the lather facto
The water, having[hard?eerssiso
/ soft wa
t\;witel:a:dnndesz svtfc:ﬁld preferably be more
8 degrees or so..
For the purpose of convenie
be framed as shown in table 5-1.

TABLE 5-1
SCALE OFHARDNESS

Hardness in degrees

nce, a tentative scale of hardness may -

Nature of water

=2
o

Extremely soft
Very soft

Solt

‘Moderately soflt
Moderately hard
Hard

Very hard
Excessively hard
Too hard for use

L O-JOWUL o WA —

Th; hardne§s is normally expressed in terms of calcium carbonate
W the chemical analyses for individual ions are usually given in

terms of that ion. It will thy
! s be necessary to ¢o i
results to the common denominator, ! ruert the analytical ",

No

Hardness in mg/l as CaC0; = M*+

equivalent wt. '

(mg/l) x w €

where M represents any ion or radica quivalent wt. of M** |
Now, Equivalent weight = Molecular weight
\

where X =1 : A

- f;r acids, the number of moles of H** |

i ? tainable from 1 mole of acid §

= Tor bases, the number of moles of H** ]

With which !

1 mole of base will react.
Wriz+3x 1)

=

o

Aht)

50.

For solving proble 3
ms it
(1) The alkaliiy i -5 1 olloying e
o ill be cay, “rh ds should be noted:
.and Sr™* jons ap Y Posilively chargeq co++ Mg**

14 Negatjy
only. The readings of 6th:rly harge €037, and HCO,™ ions
' 3

b Uld be ignored, {
H

? ':

e |
127

he equivalent weights of ca*+ o+ .
12 respectively as follows: M and st i pe !

Quality of Water

’

Ca = 40,2 = 20; i
Mg = 24.4/2 = 12.2: ang
s = 87.6/2 = 4338, z‘
: o) For measuri.ng alkalinity, the reading of only CO5™~ or HCO4™
¢ il be required and expressed as percentage, they can be fouf,d ?

out from the following relations:

Total alkalinity _
as HCO3 in mg/l -_{

Bicarbonate alkalinity
e } X 1.22

Total alkalinity _ [ Carbonate alkalinity
as c03 in mg/l - in mg“ } X 0.60
Molecular wt of HCO3 = (1 + 12+ 3 x 16) = 61
" | Molecular wt'of CO3 = (12 + 3 x 16) = 60
p;gblem: S/E '
The' analysis of water from a bore shows the following results q
pmgfl: I
Ca= 60, Mg = 48, Na = 1035 K = 195 ;
‘HCOJ = 244, SO, = 220.8, C =178.1.
{ | Find out the total hardness, carbonate hardness and non-carbonate
lardness.
[ olution:

= (60 x 50/20 + 48 x 50/12.2)
= (150 + 196.72) = 346.72 mg/l as CaC0;.
Total alkalinity

. i =‘ ' Bicarbonate alkalinity} % 1'22
as HCOy in mg/!

in mg/l
" 244 = Bicarbonate alkalinity x 1.22
244/1.22 = 200 mg/l.

Total hardness

~Bicarbonate alkalinity

0 ihis case,
Alkalinity < T.H.
. CH. = Alkalinity = 200 mg/l.
Then, NCH = TH. -CH .
CH. :
' — (346.72 — 200) = 146.72 mg/
SR, (34 2000 = 1S T2REE

Scanned by CamScanner


ASUS
Sticky Note
2020


lng
I ‘ |y .\l\d S;\n“‘”y [n\]h“_\.
\VJ' {¢ S\Ip \ I

g

ﬁ

3 {_Quallly of Water
picarbonate alkalinity = 75, 22 =

—

‘ 129
59'0? mg/l as CaCo,. '

128 e ! jn this case, ) "1
Problem 2. *’T;sho\\'s the following resulty | | Alkalinity < T, ‘ !
. - - = ) P o . -
The ;m.\lysis ol @ S‘\mplx of W ‘ . CH. = Alkalinny - 5902 ma/l
in mgll: . — ‘ en, N.CH. = TH. - wilins CBCOJ.
a N 20 Ql - 4Q | Th . CH = (6236 - 59 02)
K =30 hoy =9 ! =334 moll as caco,, .
t Ca =5 S04 = g 4.
- 10 \ [Oblcm Q/’
Mg = 10 NO3 alent to @ hardness ~TP

. is equiv
T ) jum (Srl 1S ¢q
29 (()nc‘.”lm”o“ 0[ b”():(a‘ka"n“y il\ this water iS 2ero. ( alc‘”ate

of 2.29 mg/l and the Ao hardness and non-carbonate hardness
) ate hardhc
the total hardness, carbonate

in mg/l as CaCOy.

. -t ‘
Solutlon: ca®* x 50 Q*\_g__ﬁ_?_q + 2.29 i

Total hardness -'“‘?_'6""' 12.2

5 x50, 10 X591 529

The total hardness value obtaineq from the

5 water sample is found to be 116 mg/l. Th .
- I'he analys i
hat the concentrations of all the three principa)I! 'Za:iuor:;er(:ho.“
using

hardness are numerically the same, |f i
e e elloins the value of CH. is 58 mg/,

(1) the value of N.CH.;
* (2) the concentrations of principal cations: and

complete analysis of

=0 i © Y (3) the value of total alkalinity in mg!.
(12,5 + 40.98 + 2.29) " osotion: e . ‘
= 55,77 mg/l as CaCOy. TH. = CH. + NCH.
Bicarbonate alkalinity = 67/1.22 = 54.92 mg/l as CaCOj. ) In the given problem,
In this case, ,}' | T.H. = 116 mg/l and CH. = 58 mgll.
Alkalinity < T.H. R 116 = 58 + N.CH. '

b CH. = Alkalinity = 54.92 mg/l as CaCOj5. [ N.CH. = (116 - 58) = 58 mg/l as CaCO,.

Then, N.CH = TH. - CH. A Let P = Concentration of principal cations. 3
= (55,77 = 54.92) = 0.85 mg/l as CaCOy. | Then, T.H. = (P x50)20 + (P X 50)/12.2 + (P x 50)/43.8

ovenda, i

S

v —— I

The results abtalnec
Ma = 20 Sr ? \
K =30 Cl 40 !
Co =0 HCO4 1 : '
Mg = 11 50, =5
Find out TH,, CH, and NCH, In m
Solutfon:

Hnnn

9/l as CaC0y,

Total hardness = (6 X50)/20 + (11 x 50122 4 (2 x 50)/43.6 | |
= (19 4 45,08 4 2.28) ‘
62.36 mg/l as CaC0,,

i

I from a s3mple of water are as follows in mofl: 0 "

116 =P (25 + 4.1 + 1.14) .
P = 116/7.74 = 14.99, say 15 mg/l
Concentrations of Ca**, Mg** and Sr** are 15 mgll.

In this case, '
Alkalinity < T.H.

Total alkalinity = CH. = 58 mg/l as CaCO,.

(4) Hydrogen-lon concentration (pH value): The acidity of alkalinity

| of water Is measured In terms of its pH value or H-fon concentration.

The pure water (sz) consists of positively charged hydrogen cr
H-ons combined with negatively charged hydroxyl or OH-lons. B‘;‘
the process of dissoclation takes place In pure water and hence :
Onalns some uncombined positively charged H-lons and som
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132 Water Supply and Saniftary Englneering . l
le and hence 1t 1S commonly
al indicators are
¢. for acidic range and

Tolyl red, etc. for alkaline range.

for ready reference. This test

4l
w

on=al
N0l
>

<t
mot blue
g

-
.

Dy oanal 1
. Faenot red,

[ o

Ny

treatment plant,

; r .

. - = a H i raria
waters are respectively 7.5 and 8.5. Assuming linear varl
: . 3

vith time, find out the average

Tor entering water,

For leaving water,

H =

Average value of H =

.. Average pH value of water =

: usu
rried out in the public health |aboratories. The
eflow, Mathyl red, Bromphenol blue, &

is simp

the pH values of entering and leaving
tion of pH

pH value of water.

= “IOQ loH

75
-leg)oH.
10773

8.5

= —log |0H

Tgrfe

10772 + 10783
2

10783104 1] = 550 x 10785
-log,oH

= -logq (5.50 x 10783)
= (8.50 - 0.7404) = 7.7596.

Problem 5-6.

Solution:

As per equation (3),

(H'] x {OH"] = 10-14

In freshly distilled water, the conce

be the same say, C moles/litre.

e

Calculate pH and OH values of freshly prepared distilled water.

mole/|

ntrations of both the ions ‘will

.

l Qua"ty of Water
‘: : CXxC=q-14 |
e .
“ C= 107
s (H*] = 1077 and [OH™) = 107
o PH = —log)q [H*) |1
= -log;g[10-7) = |
N == [‘7 = "
‘"{milarly A POH = 1. ! ¢
; / \
odle . R
—

A factory dischaiges 50 m3/da

y of w i L
o waste contains KOH only, aste having pH = 11.

find out the quantity of KOH in kg/day.
ﬂulloni o

pPH + pOH = 14
A1 + pOH = 14

POH = 14 - 11 = 3,

- Thus the concentration of hydoxyc! ion in the given water is 10~3

des/litre i.e. [OH™] = 1073 moles/litre.

- The molecular weight of KOH in 1 litre solution works out to
(39 + 16 + 1) =.56 g.

KOH in gflitre = 56 x 1073

'- KOH in kg/litre = 56 x 1078

il Discharge = Q@ = 50 m3lday = 50.x 103 litres/day.

iantity of KOH in given waste = (56 x 107 x 50 x 10%) kg/day

?Z | © = 2.80 kg/day.
%b m i .

.~ Qaleulate the pH of 1000 mg/l of CalOH),.
MUtlon:

fow

e ————— i s et o S S B P i

i e s G S A R TS

' inThe molecular weight of Ca(OH), works out to [40 + 2 16+l :
| = 74 g/l ' ;
. Now, 74 g/litre contains 2 moles of [OH"], i
1 allitre contains % males of [OH] i\
vy M
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Thus, [OH7] = 73 )
pOH = -logjo [OH)
= ’!0910 [2174]
= -legyo [0.027]) = 1.5686.
Now H+ pOH = 14
o PPT T oM = 14— pOH = (14 - 15686)
. = 12.4314
- pH of 1000 mgflie. 1 g/l of Ca(OH),-= 12.4314.
i
Pfoblem 5-9.
\\Zé : -
" Find out the pH of the following mixture:
Volume pH
Solution A .. 500ml 6
Solution B .. 500 ml_ 5
Sclution:

solutions in the mixture i.e. A and B
mixture will be half in 1000 ml.

As the volume of both the
is the same, the morality of the
pH of A = 6ie. [H'] of A = 1078 mole/litre
pHof B =5 ie [H] of B

pH of new mixture

= 1078 mole/litre

1 -6 1 -5
[Exlo ]+[—£x10 ]

(05x107% + (5% 1078) -

5.5 x 107% mole/litre

‘|09|o [H*]

pH of new mixture
-logo(5.5 x 1076)
= (- 0.7404 + 6)

/ = 5.2596. _ ‘
‘\pjdﬁem 5-10. ' <

Find out the pH of the mixture which will be | ,;,
the following two volumes: ormed by mixing

Il

Volume pH
Solution A . 100 ml 6
Solution B .. 900 mI 5

——'—’—*&

B

Qua‘my of Water

; $ -eplution: . 135 |
|n this case, the volumes of A '
L\ q) mixture. and B are not the same in 1000
1 | pH Ol A = 6ie [H'] of A = 106 mole/litre
pHof B = 5ie [H'] of B = 105 mole/litre

For solution A:

" The volume of solution A is 100 ml and concentr

. ati g
s 1076 mole/litre i.e. 107 moles per 1000 m S

- Concentration of [H*] in 100 ml 1076 x 100

1000

(H*1s = 1077 mole/iitre.

1]

For solution B:

" "The volume of solution B is 900 ml and concentration of [H*]
is 107> mole/litre i:e. 107> moles per 1000 ml.

900
1000
[H*1g = 9 x 1075 mole/litre.
[H']5 + (H']g
= (10771 + (9 x 1079]
(0.1 x 1076) + (9 x 1075)
9.1 x 1075 mole/litre

- Concentration of [H*] in 900 ml = 107 x

Concentration of (H*] in mixture

pH = -logjq (9.1 x 1075)
| = (-0.959 + 6) = 5.041.
Problem 5-11.

2 S

There are three samples X, Y and Z of water having pH values of
45,5.5 and 6.5 respectively. Calculate how many times X is acidic than Z

q %‘;ﬁifon: Bl
fie. pH = -log;q [(H']
i lsafh'lt"e X:
. pH = 45
A 4.5 = -log;o [H']
[(H*] = 10743 mole/litre.

|
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Sample 2: =65 9
6.5 = ~10910 (H,
) = ]0—5.5 mole/litre.
~4.5
R X100 00
goncemmllgl\w = T(-):—é'f; = 10
Soncentration of [H*) fon I ple Z.

s 100 times acldic than sam

—_—

Thus sample X'l

AR

Problc/m/S-l?.. //‘_T
‘Cm be the pH of a solution cou\tail\lll(g)}ll.'IOI; 107" ¢
of hydroxide per litre? Assume molecular welght ol as Q.
Solutlon:

[OH7]

i

-9
,‘.7_‘5—&— = 10”7 male/l
il

-log (107%) =9

4 pOH =
Now, pH + pOH = 14
: pH =(14-9) = 5,

Prob)ém 5.13. .

wd
Il the hydrogen concentration Is 3 X 107 mole/l, calculate the
hydroxide concentration,

Solutlon:
As per equation (3),

(H*] X [OH7)
[3 % 107) x (OH")

i

1071 mole/)

= 10" molef

J

o e e
(5) Alkallnlty: The term alkalinity it reference 1o the water and

) LA Al H «
waste water Is deflned as the capaclly of substances conlalnc:! in the

water to take up hydroxlum [ll.‘())
V0 reach a gefyg
Hined pH value

(4.3 to 14). The alkalinity Is dye '1q (
e
(IICOJ“]. carbonate [Co_" ") of blcarbonate

The determination of alkalj
nity |
because it provides bulferlng 1o {e sslsrt,? uselu
alkallnity Is usually divided | ¢

(ON7) = % % 10712 jyglep

R S

presence
or hydroxide (OH),

I In Waters and wastes

changes [ ¢
0 the following o pars: PH value. Th

e e e e e e e ——— e

Quallty of Water

b Total alkalinity i.e. above pH 4.5
) Caustic alkalinity i.e. above pH 8.2,

The alk.alinily is measured by the volumetric analysis. The varlous(
s of indicators are available for this purpose. The commonly adopted
Up‘,lnd"mw[s are as follows:
W

(1) Phenolphthalein pink above pH 8.2 and colourless below

pH 8.2

: red below pH 4.5 and yellow-orange above
pH 4.5,

The bromcresol green-methyl red indicator may be preferable to

pelhyl orange as the colour change from greenish-blue above pH 4.5
o light pink below pH 4.5 is more delinite.

" (2) Methyl orange

The amount ol alkalinity Is expressed in terms of CaCO,y. If the
grength of titrant solution Is N/50, 1 ml of titrait solution will be
equal to 1My CaCOy because the equivalent weight of CaCOy is 50.

Total reading
Vol. of sample In ml
solution is N/40, the equation will be

Thus, Alkalinity In mg/l as CaCOy =

X 1000,

Il the strength of titrant
3 lollows:

al reading X (0.025 x 50 x 1000)
Alkalinlty In mg/l as CaCOy Total reading X | Jt

“Val, of sample in ml
Total reading

bl ABA L SR

~ Vol. of sample In ml

i

1250.

The neutralization of OH™ Is complete at pH 8.2, The neutralization

ol €Oy™" 15 only hall complete at pH 8.2 and not fully completed
util a pl value of 4.5 Is reached. Thus alkalinity on pH scale is
fepresented as follows:

(1) The range of total alkalinity is 4.5 to 14.

_12) The range of bicarbonate L. HCOy™ alkalinity is from 45
"0 8.2,

o1 {3) The range of lcarbonate le. €Oy~
to 10,
(4) The range 0 to 4.5 Indicates no alkalinity.

Table 5.2 can be used for finding out the alkallnl‘l‘{hg]ld:‘ sample
"hh the pracess of titration. The letterRindicates phenolphtnE

alkalinity is (rom 8.2

sy

"d the letter T indicates total alkalinity,

reading

——
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\\&’ TABLE - il I ischarged | MAINIng excess causiic aliali l‘f
\/ /f.,/‘ \\ / ||:llMif|’\"'("' OF ALKAI ey (0 he discharget o niatural sreanms (,"'.'wa’l:'.‘ahnily are net o]
/, . e Al ”“mh,m,ﬂr alkalinity " The waler thillg "'k"““lly lr‘,; ) sewers, .
a Hydoride alkalinily ‘~1"""'_“‘('n,f’:”,‘: " as (L0 |It’ for domestie consumption and ’U:""”“‘{ﬁo Mg/l is desirable Y
lesult of 4% (a0 Ay LA ; MO / 4/// (.C.C. construction, !
tteation o) oy ) o e t;l b R !
D=0 1 o | 171' /m lollowing  data (,;TT—“‘_‘W S — %
. ) - froph 1h° g, EoN olumetric analysis : ’
:1 < ((), ': : l(; oy ?; ofide: cm|u)||d}7(;dvlvldr bicarbonate alkalinilie;,' ysis, calculate the g
Pos 0ol = ar =P 0 " gamol “Total ml of twant 1 !
' : ‘ 0 S— HSampie ,_____{_" ol titrant 1o reach end point ¢
pet | e ikalinity (000 | Phenolghinaein | ini i
Following rules should be kept In mind while finding out the atke e ythyl orange
ol a sample: i :24 15.5
o HEO “ alkalles X - 8.6
(1) For shmplicity, 1t s assumned that HCOy and OM™ alki ‘ C 8.2 a’;
cannot come together in the same sample. d ' R D 0 12.9
(2) The alkalinities ol other than carbonate, bicarbonate an '
hydroxide origin are pbsent. utlon:
(3) OH™ alone gives initial pH of about 10. nple A - |
% 100
(4) CO4~~ will be present al pH > 8.2 . = —]-6—6———9 = 100
(5) OH™ and CO4™ " together give initial pH ol about 10. . :.]5'5 X 1000 _ g
(6) CO,~~ and HCO3 can exist together. 100 -
(7) HCO4™ alone gives initial pH < 8.2. 05T = 775
The determinalion'ol alkalinity of water is helpful for the following As P > 0.5 T, from table 5-2,
reasors: OH™ alkalinity = 2P - T = (200 - 155) = 45
(i) It assists in finding out the quantity of lime and soda-ash s e _ _ _ _
required for the removal of hardness. €Oy~ " alkalinity = 2(T = P) = 2(155 - 100) = 110
(i) It helps to neutralise the acids produced during lloccu}aﬁon. HCO5™ alkalinity = O.
(iii) It leads to the reactions which may occur between alkalinity g o, )
and certain cations in the water. The resultant precipitate can mple By ) ’
(oul pipes and other appurtenances of the water distribution PL 14.4 x 1000 _ ;44 ]
syslerns, R 100 r
(iv) The excess alkalinity is harmful for irrigation which leads to RE _ 38.6 x 1000 _ 386 "
the soil damage and reduce crop ylelds. T= 100 e 4
(v) The highly alkaline water is usually unpalatable. 05T = 193
(vi) The largeamount of alkalinity imparts a bitter taste to the water "AsP < 05 T. from table 5-2
(vii) The n?lural waters are sometimes rendered alkaline to control ) '
corrosion due to acids. el OH™ alkalinity = O
CO,™ " alkalinity = 2P = 23V E
1 ; = ’ : - - = 98
" ’ HCOy~ alkalinity = T — 2P = (38 280 = 98 \
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Sample C: 8.2 % 1000 — 82 ;i 05T = 168,75 141
P=77100 M, p< 05T fromtzble 5.7 °
» 1000 e e,
5 = g_%%ﬂg‘i = ¢4 " OA” zlrzlinity = G
05T = 42 (()3"41’/2Ar11=27: 224
' uro,” zlkalinity = T - 25 = (337 =
hs P > 05 T, from table 52, ) HCOy 2i2linity =T - 22 = (3375 — 224 = 595
’ oi lkalinty = 2P~ T = (164 = 841 = €0 { ps Oy~ 2nd :”(0 &St Wgether, the g valse of samis v
’ = - =4 L puueen 6.2 10 10, O e wil
cOy~ alkalnity = 2(T = P) = 234 82) o2 647 —_—
HCO;~ alkalinity = 0. { gottem 5-16-
R p=20 A weter sample with pH 9 hzd 2 caustic 2lizlinity of 79 me
12.7 % 1000 : !%:.;.31 glkzlinity of'230 mgfl 2nd totzl hardness of 300 .'.;r._fx: _::,,
T = ————]—(-)6—- 4 0. Czlculate the amounts of the vzrious forms of 23 '"'-’—';-:! oreac
— 127 1 ;o4 the zmount of non-czrbonate hzrdness,
As P = 0, from table 5-2, “eolution:
OH™ zlkalinity = 0 { The pH of szmpie is 9 end hence the neutralizeton of (05 ~
[ = cnly hzl nipieted.
€Oy~ alialinity = 0 - 5 coly hzll compieted _
HCO4™ alkalinity = T = 124. - Czrbonzte i.e. CO5™ ™ alielinity = 2 x Czustic 2lkalinity
Problem 5-15. - = (2 x70)
i = 140 mefL
Find out the tota] and individual (species-wise) alkalinity from the| ) - Fel _ )
following labaratory record: “ow, Total alkalinity = COy — z2lx2linfty + HCOy ™ aikzEnity
Strength of titrant :Njgo —P WA N=5p1 230 = 140 + HCO;™ elkalinity
Volume of sample : 50 ml ' — o IoJE '
i — - 5007l Heoy~ alkalinity = (230 - 140) = 90 mgil
Phenolphthalein end point : 5.6 ml 1.,

A0, Total hardness = Alkalinity + Non-carbonate hardness

N.CH. = {300 - 230}

Methyl orange end point : 13.5 ml v

Also estimate the pH value of sample. 504 4600 o % :
e = 70 meil.
Solution: 40 @) *3 q
= -5 | =

As strength of titrant is N/40, ’ -1 ‘S)‘A/CMI'I}': The term acidity with reference to the wate and '—-’?‘
p = 56X 1250 _ {2 is defined as the capacity of substances contzined in &2 ‘;‘;’
= s = 1 t2ke up hydroxyl ions (OHT) to reach 2 defined pH value (010 8.5

5.6 x 5 1 ) .

s sz:o = 3315 .~ The acidity are of the following 10 [yPes:

4 M Cerbon dioxide addity
: A G M g .
i 7 RO Mineral acidity .
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5o the tendency of settlemen, -
1o control the first and seconq
The third force, nzmely, the
1rol 2s it is dependent o
[ 2 huge quantity ol water

o and S2n
160 Wates Supply 374

b oppo
Mow, cut of three [or¢e which 0P

2de
of particle, the atlempls i :; walel.
lorces in purilication pro<ess. ble 10 (0D
viscosity of water Is UNPIAIA 6
temperature. The control of temp;;mica.
becomes unreasonable and unecon 4 by increasing the length
. decreas h
velocity of flow can be y for a longer period
of tI:*fel and tyhus a particle is auowe'd 10 ':‘atjhus given maximum
in the sedimentation tank. The paﬂlde lbouom of 1ank
opportunity to come down and settle 2t the d by the additj
The size and shape of the particle are_aI:ere g {rnov;n asllll;)ln
of certain chemicals in water. These (hemlc:riax?m tanks elfective
coagulants and their action of maving sedimen e
| FORGIET . in the next chaptel.
will be discussed at length in the NeA

Problem 6-1.

Find out the velocity of settlement of spherical discrete particles
‘ e ve ‘ L 0
of 0.08 mm diameter with specific granly 2.67 in water at 20°C.
Solutlon:

As per Stokes’s law,

23T+ 70
v = 418 (s~ 5s) d 00
where = diameter of discrete particles = 0.08 mm

20°C

= specilic gravily of the particle = 2.67
5| = specilic gravity of water = 1,00

= velocity of settlernent in mm per second.

M\lQ_
]

<
|

Substituting

v = 418 (2.67 - 1.00) (0.08)2 W

5.808 mm per second.

T = i
Pro%/( 6-2.4" t, b

v . .
.\/A settling tank Is designed to remove spherical particles of O,Bd‘»'

mm diameter with specific gravity 1.20 from the waler at 22°

¢ : 122°C. ine
the removal ol spherical discrete particles of 0.40 mmzdggg::zi‘h
specific gravity 1.20 by this tank. Assyme Ideal settling conditions.

0

. ™ e

| Scd!mtnlathr. Tanyy

i Hjon: 161
' , Stokes’s law,
! ‘ er ’
! VAS P v E 41 3
= 3(s-~ 51 42 M

. 1
for 0.80 mm dizmeter pantig),, %

V1 = 418 (1.20 - 1 gq (0.2012 3 x 22 + 79

= 113.70 2 100
) (0-20)° mm pey second.
For 0.40 mm dizmeter panticles

V2 = 4180120 - 1.09) (g 49p2 3% 22 + 70

- = 113.70 (0.40)2 100
i _ (0.80% _
V2 104012 T e (m

The settling tank is designed 19 9 .

iles and if the same tank is ue remove 0.80 mm dia. discrete
particles - >ame tanr is used 1o remove 0.40 mm dia, diserete
i . $ “r= - - g, QoUIZIE
panticles, he removal of ziter will be proportional 1o the ratio :;y
“vdocities of settlement. From equation (1), o
¢ V2

1

vy 4
= 25% = percentzgz removal of 0.40 mm diameter
discretz pzrticles

; ‘Types of sedimentatlon tanks:

. Depending upon the nature of working, the sedimentation tznks

; are of the following two types:

{ - L Fill and draw. type tanks
Il. Continuous flow type tanks.

/

Each of the above type of sedimentation tank will now be briefly

, 3 described,

—— T~ ————

L,.F,u', and draw type tanks:

“*Worklng: These are also known as the quiescent type or intermittent
’ ype_sedimentation tanks. The working of tank is simple. The waler
I$ illed in the tank 2nd it is then allowed to rest for 2 cenzin :o“\:i:
Duting the period of rest, the paricles in suspension wil settle Job3
A the bottom of tank. The dlear water is then “drawn oll 2n .

, v nk is cleaned of silt and filled egain.
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w
6
16 urs and when coagulantg prob'em 643. Je

)
4 to 8 ho Ly
o 4 to vary [rom !
period (;5 nfo:]’;y vary from 3 to 4 hours. “ _
, 1 The overllow rate of a f]
!

are use ; is to be taken j i
tiling tank is en intg occulator glarifior :
i thod, the depth of set i L/ i 3im2. farifier js ¢ 2, .
In ml:or:neThe sepths usually provided for settling tanks vary from j s rate in m*/m°-d. If Swp. is 350 m 0 I/m2-min. Express
consideration. ' period- + Qlculate the detentjon

3.50 to 6.00 metres. » .
(i) Overflow rate: In this method, it is assumed that the settlemeny  *  goutlon:

depend on the d | _ :
of a particle at the bottom of tank does not dep epth ' - SOR. = 60 ”mz-min

of tank. But it depends on the surface area of the tank. This assumptiop : : = &0 =5 o

can be theoretically justified as follows: ; X x 103 /mz'min

Let L = Length of tank { = 60 X 107 x 60 x 24 m3m2.q
B = Breadth of tank H . = 86.40 m3/m24.

= Si ter depth = S.W.D. ) i :
k = Side water. cep ) Detention- period = T = SWD. _ 35

= —_—

D = Depth of tan

C = Capacity of tank ! SO.R. ~ 86.40
T = Detention period l = 0.04 day = 0.96 hour.
Q = Discharge or rate of flow o ) h! prc;bleméfi
I = Velocity of descend of a particle to the bottom of §.| —
1ank = Surface overflow rate = S.O.R. [ late the di ]
' LxBxD | ” wCz;!rcuzaoeX Ieoglarrlm;z‘tjerT;nd S.W.D. of a settling tank to treat a
= oy e T s v s e efere = spekste s = e (1) (- lio mi/d. The maximum §. i 3,2
Then, T Q Q -" detention period is 3 hours. ORis 18 m*/m°~d and
Klso . Dlstar?ce of descend . b Solution:
' Velocity of descend i 5
_ D _ SWD. ) ' Q@ =20x10°ml/d”
V S‘O.R.' ------------------------------- ’ . 20 x ]OS 3 d
Equating (1) and (2), ' y ‘ ~ 1000 it
LxBxD _D - \ i ) = 20000 m’/d.
Q Vv - | S\W.D
_y_ Q g Detention iod = T=—"—=
or SOR = V = ==, perio .
[ X B e (3) ! E S.OR.
' .T:e eq:alion f(3:] sh;ws that. the velocity of descend of a particle { SWD. = 24 X 18 = 2.25 m.
Is independent of the depth of tank and it i i
siiTice area ol I Bk it inversely varies as the | Surface ares of se.tllin iank _ Discharge _ 20000
- g ~ "SOR. 18

| :ankT?se kc:;a\;\:ly olh waler passing per hour pei' unit area of settling - .
tank is made o lhe SU’I?G? overflow rate and the design of settling |
on the basis of overflow rate. The depth of tank is

assumed as about 180 b ; ! .
ceilimientailan, Bns, the of/?rnc:?v 360 cm. For plain rectangular  |: &meler of settflng tank = 37.61, say 38 m.

’ “per hour perm? and whén coagulmf is about 500 to 750 litres { P'Ublem
.f - ants are used, it is about 1000 }. .
| to 1250 litres per hour 2 , It is about !
per mé, : _ :
d . Z l Calculate the dimensions of a rectangular plain sedimentation tank
a:d"ea‘ 12 x 105 mi/day. Assume a detention period of 6 hours
the velocity of flow as 20 ¢m per second. -

‘ ; A

Scanned by CamScanner

7 (Diameten? = 111111 m?

VM




p— s o

168 Water Supply and Sanltary Englneering

Solutlon:
Q = Discharge or rate of flow

6
= Jaielg X L 500 m3,
24 1000
Now, Velocity of flow = 20 cn/minute = 0.20 m/minute
Length of tank required = Velocity of flow X Detention period
! = 0.20 X (6 x 60) = 72 m.
XD
Also, - T = _-———-————L 2 g ‘
6 = 72 x BXx D
- 500
8 X D = Cross-sectional area of tank
= 300X6 _ 467 m2
712

Assuming the effective depth of tank as 4 m and total depth
with freebeard of 0.50 m as 4.50 m,

Width of tank required = ﬂ‘i = 10.42 m, say 10.50 m.

Frovide the sedimentation tank of dimensions 72 m x 10.50 m
X 4.50 m.

Problemy6-6.

A rectangular tank with. léngth of 15 m, width of 6 m and depth
3 mis to treat 2.40 x 10° ml/d._Calculate:

{1} Detention period of tank v

(2} Average flow velocity through tank

(3] SOR
Solution:
{1} Detention period of tank:

Q = 2.40 x 10% mi/d

_2.40 x 106
= 24 ml/hour

= 100 x 103 Jitres per hour = 100 m3/hour.

- _LxBxD
= Q-
_15x6x3
SR S
= 2.70 hours.

e e

v i

Sedlmcnlmon Tanks |

| Average flow velocity through tank:

2 . 169
( ) Discha ‘
4 ity = rge

flow velodty Cross-sectio = T 100 .
| nal area ~ § %3 % 80 SM/minute

= 9.26.cm/minyge, '
o SO
SOR. = Q - 100
y L xB 15 x 6 % 1000

= 1111 litres per hoyr per m2,

(3) Inlet "”‘f o'utlet arrangements: The inlet is a device which
: provided to .dlstnbute the water inside a tank and the outlet is
, device which is meang to collect outgoing water. These arrangements
qould be properly d_esngned and located in such a way that they do
1ol form any obstruction or cause any disturbance to the llowing water.

~f rate of inflow is equal to the rate of outllow, the water level
of sedimentation tank is controlled. If two rates are different, the eddies
or currents will be set up and they will greatly affect the werking
of tanks.

Some of the typical arrangements for inlets and outlets are shoun
in lig. 6-3 to fig. 6-6. .

¢
'.I 4
300 to 4
450‘ mm | /
r V)
/.
L/
4
4 ;
Inlet Pipe E Feeding Channal |- ~Submerged Weir
P -

—

Floor cf Tank

Inlet
Fe. 6-3 l
; feeding channe
nlet. It consists of 3 =
Fig. 6-3 shows a 3ubmergejt:,m::'m¢ tank and 2 submerged war-

which extends for the whole Wi
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supply and Sanitary Englneering
Wwatef " |
chemical composition of this ¢y

. Qulapy
hen dissolved and mixed with ‘ma;‘

i gnesium. Following are the (hemigi
reacts wi X :
reactions:
Na,Al,04 t Ca(HCO3)2
; Na,Al,04 * CaCl2
; Na,Al;04 + C2S04

X
CaAl,04 +NapC03 +CO2 + Hy0. (.
C3A|204 + 2NaCl...oeeneniil L (2)
C3A|204 + H32304 ............... (3)

This coagulant. removes carbonate or lemporta)ry t:ardngss 3s seey
from equation (1) and it also removes non-carbonate or Permanen
hardness as seen from equations (2) and (3). The effective range
of pH value for this coagulant is 6 to 8.§0 and as pH valye ¢
normal water lies within this range, the adjustment of pH valye jg
not important when this coagulant is used. However this coagulap
is costly and hence it cannot be adopted for treating water on 3
large scale. It may be adopted for treating water to be used for boilers
or for water in which floc by aluminium sulphate is not easily formed.

Problem ]//l

nwouu

Find out the quantity of alum required to treat 9 million litres
of water per day. The dosage of alum is 14 mg per litre. Also work
out the amount of CO, released per litre of water treated.

Solution:
Quantity of alum per day = M = 126 kg
108 '

The chemical reaction is as follows:

A5O3, 18H,0 + 3CalHCOy), = 2A1(0H)

Novi. 3+ 3CaS0, + 18H,0 + 60y

(2 X 26.97) + (3 x 32.066)
+ (36 x 1.008) + (30 x 16)

= (53.94 4 96.198 + 36.288 + 480)

Molecular wt. of alum

Molecular wi. of ¢q. = 666.426, say 666. o
%% = x 1201 + (2 x 16) :
= = 4401,
us 666 mg cf~ alum wil| release § x 4261144', C
. 14 il rele, K
mg of alum wij| release = w_ i
| T 6es e
', = 3.5 mg of CO,. e
—/

.

A\Gater treat

squlant 2t the rate of 10 mg of ferrous sulphate per litre of water
02 sut the quantities of ferrous sulphate and lime r .
gmmillion litres of water.

Coagulation of Water
' 183

plant consumes ferrous sulphate 2nd fime 2s

equired 1o treat

So‘uuon:
The chemical reactions involved are as follows:

No

w, Molecular wi. of FeSO,4, 7H,0

FeSO4, TH,0 + CalOH), = Fe(OH), + €250, + TH,0
Ca(OH), = C20 + H,0.

(1 x 55.85) + (1 x 32.086)
+ (11 x 16) + (14 x 1.008)

= 278.028, say 278.

Molecular wt. of Ca0 = (40.08 + 16)
= 56.08, say 56.
6
Quantity of ferrous sulphate = H)_)(Q_le = 90 kg.
10

Also, 278 kg of (errous sulphate will react with 56 kg of lime.

Quantity of lime required

50 x 90
corresponding to 90 kg | = TR
of ferrous sulphate

= 18.13 kg.

Feeding the coagulants:

The coagulants may be fed or allowed to enter water ether in

powder form or in solution form. The former is known as the dry

feeding and the latter is known as the wel feeding Each

method

of feeding will now be briefly described.

() Dry feeding: In dry feeding, the coagulant is stored in 2 powder

form and it is then allowed to fall in the mixing channel in mea_sm'e:li
quantity. The dry feeding is desirable for various reasons as mention?
below:

(1) It is simple in operation. :
(2) It requires relatively less space for its working..
(3) It grants freedom from corrosion. .

(4) It becomes possible to maintain Neatness.
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iod for floc chamber jg
it is about 3 10 4 hoyrg

; water Suppty and

The detention per

‘botn

\ation tank. The €
ut 3 to 6 months.

sedimentation 12 nat for tank
s¢ wec and that for ot ‘ . LT
15 10 X0 mm-js ~eoects of design foF such 2 tank are Similar y .
ails and 257 leaning of tanks is ygyy
- Usully

{ intenvals of abo

Outlet

P

"| Drain Valve

.....................

Paddles L_Horizontal Shaft

Flocculator
Fic. 7-9
Jar test:

i
: In order to dgtermine approximately the dosage of coagulant, the
! usual test which is performed in the laboratory, is the jar test. The

water for which dosage of coagulant is to be determined is placed-.

in a number of jars or beakers

havi :
1000 milllitres. having capacity of about 500 to

Rods
N\

- y

Driving Unit Stirring {iDrNMQ Shaft

- <1 - 1- -4

- -

0T T

7 L
/7 T B
Paddtes 3 '
ars
Jar test
Fic. 110

i |

- Then,
~ where

Coagulation of Water 1
i

Fig. 7-10 shows jar test with Six .jars.
coagulant are then added in each jar. Tl]m dril-i':mz zz::o;;sl;::\ot;?;;ezf
e Jriving shalt ’0‘3"3.5 ‘h‘? paddles situated at lower ends of lhé
qirrind rods as shown in fig. 7-10. The paddies are rotated for 5
pinutes at the speed o( 30 to 40 RP.M. and then slowly for about
50 minutes. The' forma.tlon of floc in each jar is noted. The amount
“[ coagulant |.n jar which produces good floc with the least amount
ol coagulant is preferred. The speed of paddles as well as time of
qixing may be varied [or dilferent tests.

It is necessary to carry out this test frequently so as to determine
optimum dose af coagulant and thus to achieve economy in its use.

- i the quality and characteristics of water are changing, the jar test

should be done continuously.
problem 7-3¢

-+ 7 I
D gnﬂ/coag&a\io/n sedimentation tank to treat 9" million litres
of water per day. Make suitable assumptions where necessary.

Solution: .
6
Average daily water to be treated = AL ;0 = 9000 m3.
10°°
Average hourly water to be treated = % =375 m3.

Assuming maximum hourly demand to be 1.50 times the average
demand of water, '
maximum hourly demand
Assume detention period of settling tank as 4 hours.
C=Q@xT
C = Capacity of settling tank in m
Q = Rate of flow per hour = 562.50 m° per hour

= (375 x 1.50) =562.50 m>.

3

T = Detention period in hours = 4 hours.
Substituting, € = (562.50 x 4) = 2250 m.
Assume effective depth of settling tank as 4 m.
2250 _ 562,50 m?.-
; flow rate of 1000 litres per hour per ‘m?

Sectional area =

Alternatively adopt over
of tank area.

y A
Then, - 562,5 X 107, _ 56250 m2.-

sectional area = nr
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200
t c‘namber i

«—Filtering Head

L—Adjuslable
[ | Tetescopic
| Tube

Floor
A Channel =

outlet for Filtered Waler

ion through outlet chamber

Fic. 8-2

The depth of water on filter is 10 be carelully decided. It should
neither be too small nor too high. Generally it is kept as equal to
the height of filter media of sand.

The slow sand filters are usually worked for a maximum filtration

Cross-sect

head of 750 mm or so. But from the view point of safety, the maximum’

filtration head desired is obtained by multiplying the depth of filtering

sand with a factor of 0.67 to 0.80. Thus, when specified limit of

filtration head is reached, the filter requires cleaning.

For the purpose of cleaning, the to i

: 3 p layer of sand is scraped
or removed l'hrough a depth of about 15 mm to 25 mm. The w:ter'
is then admitted to the filter. But the purified water is not taken

into use until the formation of film around sand grains occurs. This -

may require a period of about one or two days

e \fo[nzgivclezning of ﬁ!ter had been done for a number of times
e depth of filter media of sand is reduced. ‘In order tt;

maintain the efficiency of filter, a fresh layer of about 150 mm depth -

of grad i
graded sand is then added to the filter. At places, where there

is acute shortage of filterin
cleanin jons i g sand, the scraped sand i i
g operations is washed and stored for [uture re;:::::aelrrr:i?\tdunng

The interval b
e A
tween Iwo successive cleanings depends mainly on

the nature of j i
impurities present i
o in w .

[ liltering sand. It usually varies fromatlertom:s p lre: ted and the 2%
months. i

; Rate of filtratlon: The rat
lilter varies from 100 va A .. -
T

IR L iy BN e oy

e : ol
e of fillration for a normal slow sand

g7
o gfficlency of slow sand fliters: The efficiency of s y
ow sand fi

B e

“town of 15000 populatio
' expansion, other addition2

Flltration ot Water ' YO8
201

-1

5 55 follows: . hers
Bacterial load: The slow sand T
4 ilters are hi icient i
" moval of bacterial load from water. It is expeectt"l:%hltiai”:;‘em move
“pout 98 to 99 per cent of bacterial load from raw wate:ya'edm::e
centage may be as high as 99.50 to 99.90 when pre-lre:tm:\st

ef h
55 been given to the raw water. However, for complete removal of

bacteria. the disinfection is essential.

(2) Colour: The slow sand filters are less elficient in the removal
[ colour of raw water. It is estimated that they remove about 20
10 25 per cent colour of raw water.

(3) Turbidity: The slow sand filters can remove turbidity to the
extent of ab_ou'l 50 p.p.m. For water having greater turbidity than
60 p.p-m., it Is necessary to give preliminary treatment and bring
down its turbidity -below 50 p.p.m.

problem 8-1.

Find the area of slow sand filters required for a town havirg
a population of 15000 with an average rate of demand as 160 litres

per head per day.
Solution:

Maximum daily demand = (15000 x 160 x 1.50)

3600000 litres.

Assuming a rate of ﬁltrafion as 150 litres per- hour per m? of
filter area
R i ; 3600000 _ 2
d=z ——— = 1000 m*“.
area of filter require 150 x 54

unit be 16.00 m X 12.50 m. Then provide
nd filters including one unit as stand-by. The
ith 3 units on either side.

I

Let the size of one
6 'such units of slow s3
units may be arranged in series W

l‘(Ra id sa ravity type):

Purpose: The_greal disadvantage of ) _ ‘ B
requires considerable space for its installation. This requirement m2

it uneconomical for places where land values are high. As seen in
. i 4 filter, only for 2 moderate

problem 1, the area required for slow san : only .

n. works out to be 1000 m arld with future

I' equipmem. elc., the area required for water

0 m?2 or so.

a slow sand filter is that it

supoly project would be about 200

e e S T ST B

e R AT A A S I A BB T 463

SRS

_
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Wwater Supply and Sanitary Englneering
riously disturbed. This phenomena is

orking of filter is se ) ;
el bl i binds the filter and stops its working.

known as the air binding as air :
The rate of filtration is consequently greatly reduced.
s, the allowable loss of head is about

ble negative head is about 1200 mm.
The filter is to be washed when this limit of the allowable loss of
- head has been reached. It is usually cleaned after 2 to 3 days.

Troubles in operation: Following (wo troubles are generally
encountered in operating rapid sand filters:

(1) Mud balls

(2) Cracking of filters.

(1) Mud balls: The mud balls are generally formed near the top
of filter media. They may even be formed and distributed throughout
the filter. The mud balls are caused due to insufficient washing of
sand grains. The gelatinous film formed during filtration is not separated
out from sand grains during washing. The mud balls interfere with the
normal ‘working of the filter and their size is about 25 mm to 50 mm.

208

In case of rapid sand filter
3 m to 3.50 m and the allowa

(2) Cracking of filters: The fine material contained in the top
layer of filter shrinks and this shrinkage tends to form cracks in the
filter. These ~cracks are prominent near wall junctions.

To remove these troubles, the following remedies are adopted:

(1) The mud balls are broken with the help of rakers or some
such equipment.
(2) The working of filter is carried out with high velocity of water.
(3) The damaged portion of filter media is replaced.
Rate of filtration: The chiel advantage of a rapid sand filter is
that its rate of filtration is very high. It is about 3000 to 6000 litres

per hour per m? of filter area. The high rate of filtration results
in considerable saving of space for the installation of filter.

Efficiency of rapid sand filters: The elficiency of rapid sand -filters
is as follows: )
" (1) Bacterial load: The rapid sand filters are less effective in the
removal of bacterial load. It is ‘expected that they remove about 80
to 90 per cent of bacterial impurity present in water.

(2) Colour: The re?pi'& sand filters are highly efficient in colour
removal and the intensity of colour can be brought down below 10
on cobalt scale.

=T

i

" and it is provided tha

Flltration of Water

Turbidity: The rapid sand

( filters ca

¥ of 35 10 40 p.p.m. As water entering ,a:i; es?:;emtcmb'id“y 10 the
eris

| geten ; .
ie} a the treatment In coagulation sedim

3 . . . e . e i H
igi_Vs qurbidity- This turbidity is easily bmugh’:‘zllon tank, it possesses
N :'mits by rapid sand filters. * 0¥ 10 the permissible
|
P[Oblem 8'2.

' find the area of rapid sand filters required for 3 town havi
ving

opulation of 80000 with an average rat !
o head per day. g e of demand as 2'00'“"5

golution:
Maximum daily demand =" (80000 x 200 x 1.50)
= 24000000 litres. i

* Assuming a rate of filtration as 5000 litres per hour per =2

' filter area,
24000000

5000 x 24
| Let the size of one unit be 8 m x 5 m. Then provide 6 such
" units of rapid sand filters including one unit as standby. The units
'may be arranged in series with 3 units on either side.

area of filter required = = 200 mz_-

Problem/8-3.

A rapid sand filter is required to treat a flow of 0.50 m? per

second. The filtration rate is 120 m3 per day per m? of I'xhel: are2
t the filtration rate with one filter washing is
er area. Determine the
tisly these conditions.

a wash

not to exceed 150 m3 per day per m? of filt
number of units and the area of each unit to sa
. Bach filter is washed for 5 minutes every 24 hours at :
fate of 10 ‘mm per se(ohd per m2 of filter _area. The glltercrelmallar:z
out of operation for a total interval of 30 minutes per ay. Calcu
'he.Percemage of filter output used for washing.

Solutlon; o 3
Maximum flow rate = 0.5 x 60 x 60 x 241 m per day
— 43200 m3 per day.
llraﬁoﬂ
ecause of the

‘ 3
Note: [ h can also be expressed as m~ per day
it s relation 1 m

~Per m2 qf filter area b

i"“fal'iably'

3 = 1000 litres. - 2

209

|

i

_AMM____—J
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210 Water Supply and Sanitary Englneering mparison between slow sand fiiterg 54 210K
): 3Pld sand filters (gravity

lent to [l 20 >2<41000]

Thus 120 m? per day per m?2 of filter area is equiva

= 5000 litres per hour per m? of filter area.

Filter area on the basis 43200 _ 588 m? fi :
: = = : ilters, a chart as sho ;
of maximum filtration rate } 150 sand Wn in table 8-1, s prepared.
TABLE 8-
Filter area on the basis 43200 360 m2 IFFERENCE BETWEEN
of minimum filtration rate } - 120 — ES OF FiLTERS
Area of one filter unit = (360 — 288) = 72 m’. No. tem Slow sand filters Papid s3ad ey
. . — gravily type)
a : : :
Total nos. of filters = Maximum filter a're 1 | Base material of. | Varies from 3 10 65 mm Varies (
Area of one unit ravel in size" Yyeries from 3 to 40 mm
. 'l and 300 to 750 mm
360 in depth in :’uze and 600 t0 300 mm
- 2 . 3 in depth.
=97 7 E | 2 | Coagulation Not required. - Esscn‘:ial
' 37 | Compactness Requires Ia ; SR ;
Now, each unit of filter is working at the filtration rate of 120 m? - ins?allauon‘—'“e arca for its z’;:l'l':; small area for its
: i . L g on.
per day per m2 of {ilter area and the operation of filter is out of | | Construction Simple. Complicated as underdrain-
order for a period of 30 minutes. i age system is to be prozerly
Hence the total working period per day of each filter is ' 5 | Cost of operation | Low. :ﬁ';:‘g"ed Agd¥coniuded: :
(24 - 0.5) = 23.5 hours. ! g 06_93?111'_0_"_0’ plant | Low. High. f
X . . - | Economy High initial N e ; .
Output of t . | gh initial cost of both, G\cap and quite ecoromicll.
e pdayo each. un| } = Area X Filtration Rate X M)Lmz%peﬂ I = land ang material. %
235 4' /Br’ Ellicency Very ellident in the removal | Less efficient in the removd ‘
= [72 x 120 X —2-4—J A 9! bacteria but less efficent | of bacteria but more efic=it i
) A | in the removal of colour and | in the removal of cdox xd i
— 8460 m°. il turbidity. wrbidity. — f
) Filter media of sand | Elfective size varies from 0.20 | Elfeciive size varies frem 035

Wash rate = 10 mm per second per m? of filter area
= (10 x 1073 x 60) m per minute per
m2 of filter area.
Washing period = 5 minutes

Wash-water required
q } = Area X Wash rate x Washing period

T K s SN

;nd filters (gravity type) separately,
o dilferences between similar jtems of

g out the points

slow sand filters and rapid

O

10 | Flexibility

11 [ Loss of head
1.2 Method of cleaning

to 0.30 mm and uniformity
coellident is about 2 to 3.

| Not—llexible for meeting

variations in demand..
150 mm to 750 mm.
Scraping of top layer of 15
mm to 25 mm thickness.

to 060 mm and uwilomey
coelficent is about 12 20 L.7.
Quite (lexible for reazonatle
fluctuations in dem2ad.
Imto 350 m.
Agitation and back-wa2shing
with or without the hdp of

per day od essed air. Short an
= 72 x (10 x 107 x 60) x 5 ki i abeioss At | ooty gl :
= 216 m’. -
16 m 7| Period of cleaning | 1 to.3 months. 210 3 days.

- Wash-water required
Output of each unit

Percentage of filter out- }

put used for washing x 100

14 | Rate of filtration

100 to 200 litres per hour
per m of filter area.
Not essential.

3000 to 6000 hters per
hour per m? of filter area.
Essential.

T 216 3 N5 | Skilled supervision i G
= —— x 100 W . . i itable for aues
ili can be constructed It is sui ( ;3__,
- !234565(; SU"abllll.y :Pleorc.;lielrabour and material. where land':osus lahu:
= 2. . 42 g variation ¢
It s suitable for water is considerable.

4

here land is
* | and !i!m” where
- | cheaply available.

e e e R e SRS e i e i
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Englneering ' Disinfection of Water iG
d Sanitary Engine ! o ; '
218 Water supply and Saniet = T '} The most popular disinfectant of water is chlorine and it do
(6) It should take only reasonable time lr: ) g m l:JP-; 1 obey the equanpn mentioned above. But it follows the relati:\
pathogenic organisms at normal temperature. en by the expression: j ,
i i he chlorine is an ideal dN :
It has been universally recognised that aN _ _x
material for the disinfection for treating water on a large sca!e. The at Nt
disinfection at present therefore is mainly carried out by chlorination. } ~. Sﬂ B S- oo
However, there are other minor methods of disinfection. We will discuss  fio 7 =J N =
B . o H 8 \.“
these methods before we take up the discussion on chlorination. \ 'loge N, = _ﬁ o |
Theory of disinfection: ) . t g 2 |
The rate of Kill in general is expressed by the Chick's law as " =0, M =N, |
follows: - C = loge Mo \
AN L Koo (1) i S ‘1
* e §. ST 2 a
where — Reaction rate constant for particular disinfectant Q N ;
Q 1
N = Number of yiable -organisms 2 = = logyo %
K N, f
N, = Number of organisms at any time . . 5
Integrating equation (1), ; t = 2 logg —
& . " K N,
S an _ _ S KN, |l Jblem 9-1.. : _
dt , ‘
g daN _ _S K dt L To WQ.?O% 41=Z[ bacteria, the ozone is to be used in
J N, - fater with a residual of 0.6 mg/l. The reaction constant under these
loge Ny = — Kt + TSP PR R (2) -londitions is 3 X 1072 per second. Calculate the contact time period.
At t=0, N, = N, = Numberof organisms initially.”. ~olution:
loge Mo = C. Now, 99.70% of bacteria are killed i.e. 0.3% of bacteria remains
- Equation (2) will be, Y I}In tHe water .aner ozonisaticn.
loa. N. = — Kt + logg N, ‘ j| In the water, the concertration of bacteria is 100 mg/l and after
e de o wonisation. it is-0.30 mg/l. But residual of 0.60 mg/l is given.
N, , g . . el
log, — = — Kt N, = Number of organisms mmally
Mo - - 0.60
N, = 100 x = 200 mg/l
‘ > 030
t = —loge — .
e P N, = Number of organisms at time t
Changing to base 10, i = 0.60 mgl/l.
1, - No N
t=logio 5 Now o Mogin o
K B Nl . ' = Kl di0 H(
Since N, will never reach zero, it is the usual practice to specify _ 1 log 200 — 84 seconds
kill as a percentage e.g. 99.7%. - 3 xlO'z 10 0.60
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hypo chlorination is carried out at preg
[ hypo

v ) hlorﬂe) .
TH (high test hypo<! + Pitte
nds such as :c‘ instead of bleaching powde; hlo

ne content of about 65 tq
compounds are as follows:

water Sup

228

The process 0
commercial compou
Pittcide, Hoodchlor,

These compounds

her advania ) .
. )Th'efhm carc available in powder form 10 small packings.
(i ey _

(i) Their chlorine content does not decrease ‘:“h storage.
Il I ; iti

N ater in dry condition or as sq|yn
(i) They can be applied to the ¥ Olution

The process oOf hypo.chlorination is not adopted for Pub"c Waley
supply p‘r)ojecls. It may however be adopted for small Installationg

such as swimming pools, etc.

Problc5)/9-3.

r

have 2 chlori

0 pe
ges of such ;

— T r—

A town having population of about 50000 is lg .be supplied Water
at the rate of 150 litres per capita per day. The disinfection of way
is 10 be carried out with bleaching powder containing 30 per cent of
active chlorine. If the chlorine dose required for infection is 0.3 p.pm
or 0.3 mg/l, calculate the quantity of bleaching powder per year, .

Solution:

(150 x 50000) litres/day
1.5 x 108 litres/day
Chlorine dose required for disinfection = 0.3 mg]l

7.5 x 106
0.3 X ——— kg/da
108 b

*Total requirement of water

Quantity of chlorine required

1

1

2.25 kg/day.

Mow, the bleaching powder contains 30 per cent of active chlorine; ;

It means that 30 kg

Dowdi of chlorine is available from 100 kg of bleaching

/» Quantity of bleaching powder —‘ 2.25
| required = 0 X 100 kg/day

Requirement of bleaching powder = 1.5 kg/day.

per year

u

(365 X 7.5) kg

= 21315 kg, say 2750 kg.

(2) Chlommlnes: It
X

Is ( , ;
water, But when It Is mjypq | ound that chlorine alone | not stable In

din \yam yullh ammonla

¢

ent b; i
.\

+ It forms compounds, :

Dlslnlccgion of Water

229
re stable in water and
They 2lso remave odour
the reactions involyed:

own 35 the chloramines These compounds a
kn (ound to possess disinfecting properties.
?om water to a certain extent. Following are
r

H,0 + Cl, = HC + HOCI
NH; + HOCl = Hy0 + NH,Cl (Monochloramine)
NH,Cl + HOCl = Hy0 + NHCI, (Dichloramine)
NHCl; + HOCI = Hy0 + NCIy (Nitrogen trichloride).

The monochloramine NH,Cl predominates at pH value over 1.50;

:: pH below 4.40.

The ammonia is added to the water generally in the Tatio of one-half
1o one-fourth ol chlorine amount. The ammonia dissolves quickly in
water. But it does not dilfuse easily in water. Hence it is necessary
1o mix it with the help of mechanical means. The ammonia may be
used in the form of gas or as solution or as ammonium sulphate

' or as ammonium chloride.

One precaution is necessary when ‘water is treated with the
chloramines. The water, after treatment is completed, should be supplied
1o the consumers after an interval of about 20 to 60 minutes.

Following are the advantages ol adding ammonia to the water
before the addition of chlorine:

(i) It is more elfective than chlorine alone.

(i) The elfect groduced lasts for.a longer period.

(iii) The quantity of chlorine required becomes less.

(iv) There is less irritation to nose and eyes. Hence it is more
useful for treating water for swimming pools.

(v)  There is no danger of overdose.
(3) Free chlorine gas: The chlorine can be applied in gaseous

~ form or in liquid form. In the former case, the chlorine gas is dissoived

in a small quantity of water and then the solution is fed to the water

. under treatment of disinfection. In the latter case, the chlorine gas

Is converted into liquid form by applying pressure on it. It is foung
that the chlorine gas when subjected 1o a pressure of about 0.7 N/mm
Is converted into liquid. The pressure will however depend on the
lemperature,

The liquid chlorine Is stored In pressure cylinders of drums and
Is supplied for use, The liquid chlorine Is highly corrosive when damp
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by the simple .
is not a pracuc
intended for public supP

Problem 9-4. )
t 20000 m” of water Per

i i to tred
uantity of chlorine used . :
day 1;:88 qu_ Thye residual chlorine after contact period of 10 Minutes

is found to be 0.20 mg/l. Calculate the dosage in mg/l and the chlorine

demand of the waler.

Solution:

hig

metho
are

cal or desir
]y pu[p0585~

20000 m’

Water treated per day =
' 20000 x 107 litres

_ 20 x 105 ml.
8 kg = 8 x 10% mg
8 x 10°

20 x 10°
The given chlorine dosage is therefore 0.40 mg/l.
Now, Residual chlorine left = 0.20 mg/l.

Hence the actual chlorine dosage which has reacted in water i.e.
the chlorine demand of water is equal to (0.40 - 0.20) = 0.20 mg/I.

]

Chlaorine consumed per day
0.40 mg/l.

- Chlorine used per litre of water

Problem 9-5.

The results obtzined from chlorine demand test on samples of
raw water are as [ollows: ' :

Sample no. Chlorine dosage Residual chlorine after
in mg/l 10 minutes in mg/l

] 0.20 0.19
2 0.40 0.36
3 0.60 0.50 7
4 0.80 0.48 : f:‘
5 1.00 0.20 o
6 1.20 0.40 g
; 1.40 0.60

—_— 1.60 0.80

Draw the e

dozage. Also cac

s A i

orine demand curve and find nt
out the break point
ulate the chlorine demand at a dosage of 1.20 r':;"- -

'\

&
< |

golution:

Disinfection of Water B \

The chlorine demand curve or in -the strict sense, the chlorine
residual curve is drawn as shown In’ fig. 9-2. The break point is
represented by point C and hence the break point dosage is 1.00 mg/l.

1.0
0.9
0.8}
0.7}
0.6
0.5
0.4
0.3
0.2
0.1

(¢}

T

c 45"

Break Point

|
18 20

Resldual Chlorine n p.p.m. or mg/{

yareok Point-Dosage = 1.0 mg/f
Ay oy 1 1 1 \ 1
02 04 065 038

1.0 1.2 1.4 1.6

Applied Chlorine in p.p.m. or mg/t

Break point chlorination
Fic. 9-2

Then, Chlorine demand at}

'Y = Applied chlorine - Residual chlorine
» break point
= (1.00 — 0.20) = 0.80 mg/l.
The chlorine demand after the break point becomes constant and
all added chlorine subsequently appears as free chlorine.

Chlorine demand at a } = 0.80 mg/l.

dosage of 1.20 mg/l
Note The result is in line with given data of chlorine residual

of 0.40 ma/l with a dosage of 1.20 mg/ giving the chiorine demand
of (1.20 — 0.40) = '0.80 mg/l. g

Tests for chlorine:

Following are the usual
the amount of [ree and com

(1) Orthotolidin test
(2) Starch-iodide test.

The orthotolidin test is very commaon
is costly and time consuming, it is adopted only when the

test becomes unsuitable.

tests which are applied for determining
bined chlorine in a sample of water:

and as the starch-iodide test
orthotolidin
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P Disinfection of Watey 5 8
/aér methods of disinfection:
Following are the seven minor methods of disinfedion
(1) Boiling mehod
(2) Excess lime yestment
(3) lodine 2nd bromine treatment
1.2 % 1075 (4) Ozone treatment
(5) Porassium permangznate ,
(6) Silver treatment i
(7) Ultra-violet ray treztment, .

Each of the zbove minor method of disinfection will now be briefly

Yater ‘.;upply and Sanltary Englneering

220

me _/;’Z::) 3
Cm'np:are !h.'un% tirmnes ﬂt('.}"m!j 10 obtain 99.99% kill of bact

in water under the following conditions:

(1) Free chlorine residual of 015 mgl) and K = 1.1 %107

per second. -
' (2) Combined chlorine residuzl of 2 g/l with
per second,

1l

K

Solutlon:
(1) Free chlorine residual: ’
The bacteriz 10 be killed are 99.9?‘& ie. 0.01% bacteria remain

zscribed.
in water,
. ¢ i (1) Bolllng method: Wien the water is boiled 2bove 2 centzin
acteri ts concentration.
0.01 mg/l bactesia remain from 100 mafl of ;’] ‘;° smperature, the bacieria zre Killed. The boifing of water is the most
aE L (f 100 % 212 = 1500 mgfiplective method of disinfection. But 1o boil water on 2 large sczle
0.15 mgll bacteria remain giom 001 . irrggracticable, However, in case of epidemic, the consumers may
concentralion.}, ;dvised 1o boil the water belore use for drinking and domestic
Thus, M, = 1500 mgll; ; A'u’rpo'sr:s as the @iling of water is an absolute safeguard agamst :
| - Mfection by bacteria of the wzter-borne diseases. Most of these bactesia
N = 015 mgl 1z deswroyed when the Water has aitzined 2 temperature of 2bout
znd K = 1.1 % 1072 per second. }0°C, but it is saler 1o 1aise the temperature to bolling. However
: 5 1500 't will only be sulficient to bring the water to the bofiing level and
Then, - [ = 1’ %logw -,7° = Jl T logyo o015 ‘trolonged boiling is unnecessary and wasteful.
: T (2) Excess lime treatment: The treatment of lime is given 1o the

, = 26.97, say 27 seconds.’ vater for the removal of dissolved salts. But it was found that if

(2) Combined chlorine residval: mcess lime is added to the water, it will also work in 2ddition 2s
: 5 disinfecting material. The action of excess lime is based on the

3¢t that lime increases pH value of water. The extreme 2ddity of
N, = 2.00 mgll ikalinity is detrimental to bacteria. Hence, when pH value of w‘:w( A
_ AR £ ' : & about 9.50 or so, the bacteria can be removed to the extent Ci

K= 1.2 x 107 per second !’:9.93 or 100 per cent. But when this treatment is adopted for
N = 100 x 290 iﬁsm(ecﬁon, the excess lime is to be removed by any suitable |
? 0.01 + Jl recarbonation after disinfection. : ‘

In this case,

= 20000 mg/l. ; (3) lodine and bromine treatment: When "‘7"_‘;‘:&"‘ "?t;’ e
dine or bromine. it is disinfected. The dosage of iodine of bromif e
2 20000 , it s dis _The dosage of P iraded B

‘ 1.2%10 " ¥he iodine and bromine are also available in the form of peliets |

small wates

all pills. The use of iodine or bromine is limited 16 SE2L o

Bupplies such as swimming pools, troops of arm¥. privse

= 816.50 seconds.
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Water Supply
o
Pp="p(1+1) @
where " =future population
Pp =present population
r = probable rate of vearly or per decade increase

1 =number of years to be considered.

When the population data of the past decades are availah), -

the average value of r can be computed from the f°“0\‘dngé ,

expression
n’P_

\

r= -1

where P; and P, are the population data at two dates of n

number of years.

This method should be used carefully as it may give
erroneously high results when applied to young and rapidlyé
advancing cities having expansion of short duration only-.-"f

|

This i
method is also known as the Geometrical Progression

method.

E . . d
xample : The population of g city was 124,000 in 1960 -

and 156,000 ;

'inCreasc? (b())\;]h ]97.0 - (a) What was the annual rate of ,
‘ at will be the probable population in 19807
Solution; (a) Here, P\ 124 000, p v

. ’ » 1=

I =1 M
124,000 "' =1023-1= 003

(5) In this cage P
>p

156,000 and n= 10.

=]
56,000, 1=0.023, ang n=2(
48

Water Supp.l_v _
b, =156.000 (1+0.023 )’=246.000 Ans:

(7) Least Square Parabola Method: In this method. the

population-time curve is assumed to be parabolic.

et the variables X and Y denote respectively the year and
the population during that vear. The equation of the least
square parabola fitting the data (census data for a number of

decades ) 1s
TS 1), GO e (2.9)

where a. b and ¢ are constants and are to be found from the

following normal equations by applying the actual data :

TY=aN+bIXHCTX?  crvveecemmvmnsmsssnmnsssssseseees (2.10)
TXY=aE X+bT X HEIX? Lciremnrmmmnssnesesiensssssen .11
TX2Y=aT X2 + bEXC +CEXY i e (212)

where N = number of observations or sets of data.

If the popula.tion data of the city under study for a number
of decades are known, then by solving the simultaneous
Egs. 2.10. 2.11 and 2.12 with the given data. the values of
the constants a. b. and ¢ in the Eq. 2.9 can be computed. and

the desired equation of the least square parabola can be

found out. Then from this equation. the population at any

future date can be computed.

F-4 49

~
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water Supply Water Supply
S f - > tank 1S to be 23 fi.. whar ; :
e H(_) ...................... (- 1 ! h Of water n the ] . what 1s the required
1960 I &P wer of @ pump for which the overal] efficiency is 47
o . - AT reO i 2p0 2
. oo heoretical hOrsepoOwer required orseP
“in which P= theorelic _ o OPeras . ; ent?
mp {“- HP = Water Horse Power): e E‘*“' cc : ,ad loss due 1o friCliOn in 2()() fl.‘] 3 fl
;’iuu * . _— \_umc C .
-1 lift or head of the pump: ASS -r head losses
H = total ittor et all other ne .
3 = yolume of water o be pumped. ¢pm. _\3.:l~.t .
Q SO|U"On .

ks dn . pumped against Is given in psi. the & L S = . e
If the head to be pumpe PsL. the formy, ation Of water surface in the tank = 372 + 25=397 fi

E . .
becomss. Discharge lift or the vertical distance from the centre of the
1_ = e
= . . .
pelt oo e (52) mp to that surface =397 192 =205 ft
L7153 g ertical distan
in which P = intensity of pressure. psi. suction lift. or the vertical distance from the water surface

1 the reservoir to the centre of the pump = 192-180 = 12 &1

[ty ¥y

e actual horsepower required depends on the efficiens,

the pump and may be found by relation. Since that pump is above the water surface this lif ¢

P, = E (53) positive.
VTR Total head H = 20512+1.5<1.5 =220 fi.

in which P; = actual horsepower required to opersi: & p= HQ _ 220x 6.750 =375(W.H.P)
3.960 3.960 T

pump (B.H. P = Break Horse Power)

i

E =effciency a1t 2/2 _
C = eiliciendy of the pump. P, =0 p= = 3560( BHP) Ans

PROBLEM 1 : It is required to pump water at the rz & . PROBLEM 2 : Desien a suitable set of pumping unit to

6'75 & oo iTor a 3 -~ i e ,:‘;T-‘a_, 3 3.9
$Pm from 2 reservoir whose surface is at an T | defiver 4 50 000 gph from an intake well of a river bank to
* = i i LAl «

Of130 .10 2 tank whose bottom is at an elevation of 37> | e treatment . piy
T:e PUmp is placed at an elevation of 192 fi.. the &:"'f—’ b imale i top:ha:t.tr Total lenglth o.f nss(l;i m:u;x ;::;:vf
" 7 suctlon pipe is 30 inch. the length of the piPe 7™ | b js g9 ft-Design elam[;m o = i
g 4: ‘ .:Q %< tank is 290f1. and the estimated size of &% “‘ Assume. Velocit\j : SO the caft f_mn main.
:‘-":‘r:*:i? ) Sum of the minor head losses in 1 :i;' _ fiction factor .=0() ;)\;;ir e

PP may be taken as 1.5 fi. If the ™ *Miciency = 7()0«'. )
e 203 §
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Water Suppi

h
Solation.
Q =4.50,000+-60 =7.300 gpm
inQ= 4.50.000 —_—
AN T SOx60x624
‘0
Cross-sectional area = — =L667sq &

”Z _-1.667 (d = diamete

: 1.667 x4 .
d= 1874 | s =18 inch

Frictional head loss h;

4/Iv 4\0007\\800\(1“)‘

29d 2x322x1.3

Velocity head. hv=~/ 2e=(12)2x323=2 245

Total head H = hg+ hy h, = 60~36-224=98 21 §
- HO 98.24x7.300
3.960 3.960

=188 (WHP)

P= 280, 265 (BHP S
0.70 - - ( ) -‘\nb.

PROBLE.\[ ? b4 \\ ater l\ \urpl‘ﬁ n‘om an 11'7.'\““—*
l‘t\&l"\@ll‘ \O ﬂui

Sar +h> b Rt

SS aWay 10 a Service reservelr nar ik

. 3
A Cast iron main is to be designed to supply 423 med 1\

Q .
fh?\d ﬁl}*‘ [ n’ti}ﬂn n ﬂ‘“ p]i_\e l\ e‘ﬂﬂ‘ir&d o fr o #

r'?‘f

Allo -
other head Jooses are neglectad. What size et e i
would vou pee?

AR A

Water Supply

= =)
Ssherituting the value of v~ from Eq.2tw0Eq. 1.
: % =407

_16x(787)°

=9
mea07s o800

~&11.98 ~ 12fi. Ans.

Problem 4 . Design a pumping unit capable of lifting 3 mad
b "Rr from an intake well to the treatment p‘*‘ 2:’“ nst2
ehead of 60 fi : length of suction main is 120 ft and that
Sy 'I:mu main is 400 fi. The pump will work in oW “’1:‘5
“Sthours each,

~ 7
i

Lwyme .
Me ; Velocity of flow = 6 fps

205
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Ciiiivis

Splution :
otal length of pips = 120-200 =320 fi.

) Sx10° .
D‘-Q""’ﬁ;;e‘Q::mgd: 61 28/1() cu ﬁld&\'
Since total pumping time is 16 hrs/day.
0 .
Pump Iu” capac,l = 8 i =350.000 cqu’hr.
= 50.000 =139 cfs
60 260
0= 3{_ =13.9
4= \;4’1369 —1.7=21.75ft =21 inch
¥/ g 4
_ 42001 #5207 67 —67f
2x32.2x1.75
62
h,= =0.56f1
2x322 f
H =hs+hhy = 6046.7+0.56=67.26ft
50.00.000
Q=—-"""275220;
16210 o EPT
_ HO _67.2645,220
3960 3.960 88.5 ( )

P 885
p Se—m
) 2 075 =118 (BHP) Ans.

m
Problem 5 : Design the transmission main and we ’
unit from the following data -

206

n

A

“/‘—

,won factor

cciency

1w 7318 = <V P
e IR Rt

s SUrr- ) o< (M
B2 opulation=32.Y }

- 3180 F-F
2 . = at the pum house = 102.30 fi.
_nd R
= L = ]Q UO fi.

/I‘ throu’h pipes = 8 Ips

ing ime = 10 hrs. daily
/pl g

j] ;n("[h Ofplpe . 3 00 fl.
=0.01

=63%

Solution
Toal water required = 40x85.000 =34.00.000 gpd

340,000

=5.45x10° cuft/day

6.24
5.45%10°

Pumping rate = — =5.45x10° cuft/day

_545%10°
60 % 60

2

wd
Q=T=xv=15.15

ca- [4x15.15
"d‘\/:=156ft.
Tx§

=15.15cfs

Us
*42linch diameter piped =1.75 fi.

Saic heaq < 193.00 -102.50 = 90.50

m%nmmh=4X001x300x82
k_

=80.0 ft
2x32.2%x1.75

V(lOcny heag=_ V8"

i 2o DRI R e e

i

SR N8R s oyt S

A S A SRR AN AL

Scanned by CamScanner



water Supply

_ 00.5+80.0+1.0=171.51

B 34.00.000 _ 5 667 gpm
charge. Q= T10x60
yo 171533667 246 (WHP)

potal head.

s

246 _3g0 (BHP) Ans.

—

P_
.‘.“lz’é” 6

=
N

208
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Water Supply

QUESTIONS

gate the purposes Of pumps and pumping machinery  in
) pply systems. =

water su
supply 1o a small town with ultimate population 6t:—

ater
\\\\n: lakh U'OO'OOO) supplied with 60 gped has to be
ranged from a river flowing nearby. Design the
c\-onomicul section of the rising main and the necessary
pumping unit from the following data:
Static head 60 ft
Total length of pipe 320 fi.
Coefticient of friction 0.01

Velocity of water in the pipe 6 fUsec

pump efficiency 70%

The pumps will work in two shifts of six hours each in a
day. (BUET. 1972) ‘

Write the characteristics of centrifugal pumps. Design a
suitable pumping unit and the size of the transmission main
delivering water from a source 300 yds. away to a treatment
plant or a small town having the design. Population of 2.3
millions supplied with 30 gped against a frictional head of
0. The pump will operate only 8 hrs. ina day. Take pump
eMliciency =639% and f= 0.01. Neglect all other head losses. (
BUET. 71 ), |

Sla Y : g et
'® the general considerations for pumping install
a pump w0

ation.

What ; ‘
at s . .
Uis the theoretical horsepower required 1of

]
209

Scanned by CamScanner



,6‘

v

Watcr Supply

Cwater againnt oo Gl Fye
ralse

o
including all losses 7 &8
which type of pump do you sugpenst ;. why't (4 W,
What is the total 1ift of a pump 7 )
Design a pumping unit to transmit watey from 4 . e, .)

treatment plant of a snail town Jlas ving ultims 41e Gppy, i

of 80,000 supplied with 50 gped of water
Given @ R, L. of the ground at pump hours - 98.20 11
R. L. of the entry site ground 10 4 freatment
plant = 154.60ft,
Length of pipe line = 200011
Velocity of water through the pipe =
Friction factor = (), 0075
Pump cfficiency = 659, (BUET, '67)
A multistorjed building re
water will be supplic
Suitable pumping yn

head =17 . Dcllvcr
d(.hvu'y ]‘)lpL =

-8 Ips.

quires 15,000 gpd of water, T
d'by a 3 inch diameter well. Design?
it from the following data : Suctio

head= 180 ft. Size of the suction a8

=
of water through pipes =’

lactm' = 0.01 /\ssumL reasonable valucs of
data Not supplied. ( BUET, 1972)

rite prlanalory notes on -

Deep well 1y urbine p,,

Ump, Air Lift submersible U
Suction lift, P, Air Lift Pump, Submers |

210
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basin is 4

is basin.

th a given

ller will be

| without
- designed

Actually-

gation and

avz ) e
avity- S

Kinematl®

! hjilll.

| posin, (

- W"fi'_lhc velocity of flow JNCH F7 5 50

Walter SUPI)ly

cctangular sedimentation tan
| ] 1CLIEE nk is g ‘ |
i e Sh WwWn m Fi y
ol 0 Fig.

“One million g

‘B
),
\

“;:nnl)lQ/l/: . flll()ns of water per day (1 mgd)
..cqlhrnugh a sedimentation tank which 15 20 ft. wide. 50

:Pl.on‘.—‘- and 10 ft. deep, (a) Find the detent;on time for this
(b) What is the average Velocity of flow through the
i (e) If the suspended solids content of the water
qges 40 ppm, what weight of dry solids will be

osited every 24 hours assuming 75% removal i
i val in the

d) What is the over flow rate?
Volume of tank

ghtion : (a) Detention time =
Flow per unit time

:20x50x10

1x106
=1.8 hrs.

x 7.48x 24

6
i Velocity, Vs = £ = _1x10
- 4 20x10x7.48x60x60x24
=0.0077 fps.

: 6
40x10° ¢ 34%0.75

| ©) Totat solids deposited =———

10,
=250 1b/day
06
| )0y _ 0 _Ix10 _yp00gpd/ st
er flow rate 3L 50 20

-~

tank 1s 10 treat

R imentation
fq7m leJ/ - lar sedimen '
L : A rectangu period L obed

er. The detention

ninute and the depth

i
. JU‘Oigpd\ﬂf raw wat

inch per!

301

£
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- shaped with a slope of about 1 inch

Wwater Supply

of water and sediment is 14 ft. 1f an allowance 4
I ¢

t should be the length and v oy
Vidi
i ()

[

sediment is made, wha
the sedimentation tank?
Solution :

Velocity of flow =
Total length of the t

Volume of water to be treated in

4
4 hours = f_gg_g%)_L = 66,700 gallons

3 inch/min—0.25 fpm
ank =240 x 0.25x60 ft.

= 8,920 cft.
Cross-sectional area of the tank
= 8,920/60 = 148.7 sft.

Effective depth of the tank- 14-4 =10 ft.
Width of the tank= 148.7/10=14.87= 15 ft.

Circular Sedimentation Tank: Sometimes, circular |

sedimentation tanks are used, as shown in Fig. 8.4. T

diameter of the circular tank depends on the overflow rit:
g madt |

volume and depth. As for circular tanks, equipmenti

in certain standard sizes, generally, the tank bott0

horizontal. With these conditions as bas
circular sedimention tank is found by the formula
V=D’ (0.011D+0.786H)

in which V = volume of circular tank in cft

D = diameter of the tank in ft

302

.’."/“’

vertical 1" ]ﬁ'.
n the volu™ 'f

Exampl
mechani

gpd of ri

Influen!
B:

Sludge =

With
Pipe rawi

Slud
Fig. 8.
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The filter beds are usually rectangular in size, b
1Ny

Water Supply

3 S 3¢ ac YD) ¥ .
ratio of length and breadthas 5 ¢ 2. & the

Example 1 : A rapid sand filterplant is to be designeq

~ r fo]’
capacity of 6 mgd. What should be the numbe, and s;j :
i o si

; - ze of
the filter units? What should be the percentage of of
ered

water required to wash the filter beds? What shoy dbe g
e

capacity of wash water tank?
Assume: (1) Rate of filtration : 2 gpm per sq. ft.

(2) Rate of washing : 15 gpm per sq. ft.

(3) Length of filter run : 24 hrs including 5 mj,
for washing the filter bed and 10 min for
reEteEmem of sands.

Solution : I
(a) The plant will operate only 23 hr and 45 min.
fihralion rate = 2x60x23.75=2830 gallons per day

per sq ft. |
Filter area required = (6.000.000/2,830)=2.100 sq ft. *
No. of units. N=2.7,/0 =2.7/6 =7 |
Area of each units =2100/7 = 300 sq ft.
§ize of each unit = 20" x 15"

(b) Total wash water required=15%2100x3= 157,500

gallons per day

Percentage of filtered water required
=(157.500/6,000,000) x 100 = 2.625% s

(c) Capacity of wash water tank-1,57.500 gallons.

w2
W
9

Water Supply

mple 2 A filter bed has an area of 360 sq ft. If the
xi . .
E15hi112 for 5 min at the rate-of 24 inch per miy is
W g

qemplated. how much wash water will be required?
co

olution . 24 inch rise of water is attained by applying the
Lash water at the rate of 15 gpm per sq ft of filter area.
Wash water requirement-15 x 360x5=27,000 gallons.

pxample 3 : A rapid sand filter operating at 2 gpm per sq fi
needs washing after 24 hr of operation. The filter has an
area of 350 sq ft and it needs washing at the rate of 15 gpm
per sq ft for 5 min. The time required for resettlement of

sand is 10 minutes.
What per cent of the water that is filtered will be required

for wash water.
Solution : Filtration rate = 2x60 x.?3.75=2,850 gpd ped sq
f. Capacity of the plant=2,850x330=997.5000 gpd. Wash

water requirement=15x3x350=26,250 gpd percent of

filtered water for washing the filter=(26.250/997.500) x

100=2.63 [
Efficiency of Rapid Sand Filter: With proper pretreatment
of the water, rapid sand fi*.>rs ar¢ applicable for treatmen

erv efficient in
of any surface water. Rapid sand filters are'\_er} ; ;
odour, turbidity. iron an

removing bacteria, colour: rcentage removal of the

Manganese. The following ar¢ the pe
above mentioned water quallt)’-

F23 333

.;‘:\

Scanned by

CamScanner



s
Tk
T“ﬁs.

DR IAR
o N
{

1-\\i\'\_\ (h\\

; N\\H\-\\
\.‘hl\)l\ine
heoyg,
becauge
28,
n‘immm\
Wity op
\ Supp[y

ne. Thig

POwder
tvailable

powder

powder

so loses

neans Of_‘a i
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Jlective, 100 mueh
S

- pount of chlorine (gq o
' Chlorine Dosage : The
dded o the wager
 hboratory by adding v

- wsidual after a cont
- Example ;

= s il

Willﬁl' S[]pmy

(hin NATOW limitg of ace

pperation ol ¢hlorinatoy S

amount of chlorine re

quired to pe
supply

€an be determined in the
arying dosages of chlorine to

equal
aste? sample and f

nding the amoun¢ of
act period of 10-20 minutes,

IUis required to disinfect 5,00,000 gpd of water
with 0.3 mg/l of chlorine. If bleaching powder is used
(Which coatains. 33'/3 percent of available chlorine), how

"any pounds of bleaching powder are needed to treat the
dily flow of water ?

Solution
349,

proportions of the w

Available chlorine in the bleaching powder is

~1'Ib of chlorine is available.in 3 Ibs of bleaching pow'c:;e.r.

| ori ion
Since | mg/l of chlorine = 8.34 Ibs of chlorine per mi
&llons of water. i . ;
“ Amount of bleaching powder required per million gallon
"3 % 8.34=25-02 Ibs. i _ e
“ Amount of bleaching powder required /Ifor a |

| 3 mg/l.

300,000 gpd and a chlorine dosage of 0.3 mg/]
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Water Supply

S )() » B | - ~
NS “2 3()(_):9&” X 0.0~ >‘.7> lbb . f

=220 000,000

: IR SR I fi
Minimum chlorine Residuals for drinking water g 20°¢

— 3 i LT
pll Valve 6-7 | 7-8 | 89 m L
Free available chlorine, mg/l| 0.2 0.2 0.4 | (g (
after 10 mins . | f
- ailable chlori 1.0 | 13 | 15| 1.7 |

Combined available chlormne,| 1. 3 Sog |

‘ |

mg/] after 60 mins |

Special Methods : Chlorine is generally applied after |
other treatments have been given to the water supply. This
may be termed as post chlorination and is the standard
treatment at all waterworks. There are, however, other
special methods of chlorination to be used depending upon
the particular purposes to be gained.

\gﬁﬁ?e-chlorination is the application of chlorine preceding
filtration, either added into the suction pipes of raw waltt
pumps or to the water as it enters the mixing basin. Pre-
chlorination reduces bacterial load filters resulting in |

increased filter runs, and oxidizes excessive organic mater:

;:)u?vemoving taste and odour. <
W) Double chlorination is the application of chlorine a s

points in the treatment process. It is essentially Pi:

5 S : X Wl
chlorination with an added treatment to the final effluet
from the filters, Advantages claimed with this me

chlorinat; - - ilters. (il
Wlorination are (i) decrease in the load on filters. (il

thod 0 y

gfea[ i
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