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ENVIRONMENTAL ENGINEERING

1.

WGtET Demand (Handout)
J.

Sources of Watev
3.

Water @Quality Patameters (yandout + Notes)
% Treatment of water

5. Water Distributions ( Handout 4 Notes)

6. Quality Characteristics of Wastewater ,,ndout)
3. Disposal of S5ewage (uandout)
8. Treatment of 5Sewage

q. Sewers & Sewerage System

0. Solid Waste Management (wandout)

1. At Pollution (uandoen)

2. Noise Pollution
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1. WATER DEMAND | W /0/
Py. No, 84 (w8)
Q>
o 3
= L8000 — 4200 m/‘d
20y WTP | Capacity = 6000 m%l
|
44000 —— 4200 x 44000
28000
= 6600 M/
Pn = Po + nx
44000 = 28000 + 0%X
sx = 800

Design Population
6000 ™
4200 MYy

x 28000 = 40000

40000 = 28000 + Nx 800
S n= 15y

=
Pg. No.85 (WB)
0.8 |
Xears Population x %, Increase in Poputation (7i)
L i ) T.=3_5x[oﬂ} = 30.48 '/
1aqy 107 25 a0 |
I_,.a 200 126 19 ' T, =19 _x100 = 17.7157,
107 -
2011
—D 142 _
I ; ]5 Tg: |6 '?{ID':}:[Q"? y 48
[“"a 126

Ul
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= 3048 x 17,768 a9 = 101y,

9 _ S L
P“N'\!“ Rr.}m\ [l*lj

= 284.8

Pq. No. 85 (wg)
9.9>

100

Yeav Papulation

Increase ()

Increment (y)

1940 200000 - -
950 380500 18050 0 %
1460 445500 115000 - 65500
1970 565700 10200 - 44800
1480 650300 84600 ¥ 14400

X = 112535 y=-31966.67

Pn

i

= 319550

PotnA + n(n-ﬂ)g

2

650300 + (2112595 ] + 2(3r1), (-31966.6%)

ol

water Demand = 313550% a5 1/4

135.4 x10¢ L/d

- |45 MLD
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Pgq. No. 85 (WB) '.

il N
i

Ps = 3,20,000
— -

" Py = 60,000
‘“; P = 1,30,000
iy Pg. = QrOOrOOO
| Y
— m= Ps-Po _ 320000 - 60000 . 4 33
— Po 60000
Y
el i b [eoooo (320000 - Iaooocﬁ]
0y 130000 ( 320000 - 60000 %hg:w shou\d not be any uni
— in exponentiul Pt}wtf/}
- = ~0.108 y"
Ps = M——*——-‘T{J’
______-—--*'*"' o io8y-' x 10y
£ [+ ment | + 433" .
= 319280 //‘1
A
lq51 20061
LEY

Pg.No. BB(WBD

Q. T4y

Ps QP;} PP ~ Prz(Pb  § P:t)

PoPr - Py
2% 40000% 160000 x 280000 - (160000 (40000 + 380000)

(40000% 280000) - (160000)*

n

i

= 320000

cbbbbbbbLOLLLLELD

= 320000 - 40000 _ 3
T 40000

N

2 g [ ] L L e[l 0
g [T
- n -f;l g P[(PS"PB) QD 160000(39~0000 UUUGB

5
»
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P= Ps

P
I+ ment

= 320000 -
| 4 :Hem.oq?'-‘wy"x%y

= 309666
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2. SOURCES OF WATER

Water can be e.x+mc+e]d or obtained fiom following 2 types of
Sources

I. Survface Sourees

2. 5ub - Surtace Sources

1. Surtace Souvces

o Surfate Sources include viver, Teservoirs & lakes.

wa° Water obtained tiom ocean % seas - 15 highly. -+ uneconomical to
wa Treat for commercial Supply. The souvces Such as Ponds cannotbe
used commerically as they contain less volume of water:

LELIEEERE &

=

2. Sub - surface Souvles
ey | can be used for
» The Sub-Suyface sources:or undey qround SOUTCES &

commercial puvposes if such souvces ave available to Retent &
o Yield signiticont quantity of water:

- Baged Upon water yetention & wate
<2 Geological Foymation are defined .

LL

y Yield, following types of

el | as Yied
18 a Geological formation which i¢ 2 able o Stove as well.as o

sutficient quantity of water.
Eq. Fine Sand, Coarse Silt et

1, Aguiclude (Clay) -
1t 1s a Geological Formation which 1o able to stove agnﬁnmn
guantity of water due fo s High povosity but

i s practically
ympermeqble
Eg- Clay
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I 4 e
uns Q@ Geological formation which ls able 4o store significant

n'h'h‘( of water but deliviers it af very Slow rate (ihform of
S€epage)

- !
3> Sty Clay, Sandy Clay ete.

M. Aau:
v e

'S @ Geological formation which is neither permeable Mo poTOUS
Eq.~ Rocks such as Marble , Granite , Quortz ete .

Out of ahgve Geological foymation, only ‘Aquifer can be used for
Lommercial supply of Water. |

* Types of Aquifers

}_} Uncontined Aauiter or Non Avtesiap Aquifer

* I the Aquifer 15 not overlain by seme contined e clay 0% TOcK

over it, it is veferred as Uncontined Aquifer.

2y tontined Aguifer or Artesian Aquifer

"~ when Aquiter i¢ contined on = itS uppe¥ T dnd & 7o F
Uunder suyrface by impervious formations & is also somewhat
" inolined 50 as to expose the aquitier somewhere in the

catchment area at o higher level, which creaks a sufticient
Hydvaulic Head, is called as Confined Aquiter,

3y Pevched Aquifer.
rl:k E a $special tase which is Some times found Y0 occur

within an . unconfined Aquifer. However it 16 not able 1o caypny

eigniticant amount of water & thus it cannot be = . 7e)ied
upon for commercil PUTPOSES.
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1 Unconfined Aquifers 2> Confined Aquifers B

PR | A 144 ; \\ *
T T ﬁ%&\;}h\\

1k

Rock /¢lay oy e Gled JRogk

3 Pevched Aquifers
144

s G4

. hauifer |

] . -- > T'dkg WI-T
Actia) w.-T
l

¥ Extyaction of Water from Aquiters

=

I. Infiltvation wells

2. Intiltration Galleries
3. Open & Tupe wells

4, Springs

|. Infiltration wells

o These ave shallow wells onstyucted in series along the banks of ;Wﬂf
i ¢ - om
@ In order to wlleet Yiver water - 7 seeping fThrough their bo

3 These are construeted of Brick masonary & Generally covered with

LEELLLOVLLEBLEIIEEELLLEOOEBEL @

@ @

https://civinnovate.com/civil-engineering-notes/

®



th T
Man holes provided for Ingpecton ¥ maintainanee - |

av) LA ,
OUusS \ntiltration wells are. nnected with pipe Yo a Main or

g
UMp well cailed as Jack well.

T
:}E Watey Teaching the Jack wen is Iwted , +reated & Distributed
0 the consumers. e

Ranney wien / Radial e
*I5 1 a vertleal well of 3m to 6m dia. with horizontal vadial
Collector pipes. '

*Hovizontal  perfovated pipes ave dviven into the aavu_i%v whose
lengths ave of ovrder Go-80m

& About 10 collectors can be installed at 4 level % Simitar kind
- of set of Such collector can be installed at other level .

NOTE & It s also known as French System as it is very common
in France . S

Cost of Treatment (1) 83 4,

closed avTop wear & Tear ()

9
Vil

i

ul] ft

5
7

-8
Open.at Bottow

k]

Man hele
Bl e I
[ vzl I

I

.

]

N NN N X

AR NY X
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| | ' Yol
wy Ranne we.l\LRadi?)_ "

2.0pen & Tube wells

lis / pug wel's
Open We / q -

' a
. open well are genevally made of masonary having compar

i o shatlew depth.
blager dia. ¥ penetrated | o
. Thgj ave used 10 obtain discharges for amall communities which i3

‘ it/s | | Y
in yange of 1 to 5 R
. Yield of such wells is determined by Pumping Test & P
Test g1 4,
_ 4
‘4= 8 to 20M

Open well /Dug well
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Ube wer '

Th
bi:SP' AYe Dyiven type wells which ave used to genevate Hig her

tse ave Usually made of Stee!

P=02amto im

1 Q=100- 1000 * /s

H=200-1000m

These ave of 3 Types

—

i. Styvainer Type Tube Wwell

Tube Well
) STEEL
Top_View
*Jer—Perforations
TRl Soils
-
&
well Graded Grave)
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 cavidy Type Tube well
e

/’73
7 7
7, -

) : oM
R oes M
< tr.};ﬂ*'{_,\; . BV E ... g
CNao L Aquifer
Huxxxfff///ff_i }TT\
° ;
% gpherical (a
O O [=] P QR UI-B
Helloo Space
¥ Davcy's Law : 15 /1/14

Voot i

W= ki~ Hydraulic Gradient
L

_j Cga-FF. of permenbility
Flow or Syperkicial velocity
@ = VA

g = KiA

Vs > Actual [Seepagt velocity

\Js:\?'
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p 7
9 No.g¥ (wp)

Q.9>
A 0]
oy | ®
i ;T - &
‘h‘"“-m_ﬁijqq; alm
nzole -~
k=9 h \W\"
Im Nﬁ
' 100
b - 100m B
Ve = ¥ = ki b=_3 _:0.03 , M=0.15
" n 100
1 M4 = kx0.03
015 q&% k=5 W%Jay
Pg. No- 88 (wB) 0 ®
8'15> k= ?)0 m/dag [, (RIS ger St
= b
4!'11 \ g 14 "
* 13
e i L 1
1500 '
= 0.0167
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T"‘"

Y'leld of a Well

Yield of a

well

. Field Methods —

— Pumping Test /Pumpinq out Tes

L Recy peration Test

L5 Theotetical Methods

> pupit’s theory for Unconfined Aquiter

|5 Thiem's theory for (ondined Aquifer

¥ Pumping Test /Pumpmq out Test

. In this test, a heawy drawdown 15 15* Caused n the well by
withdrawal of water at very High Rate.
« The vate of withdvawal is gradually decrease untill the drawdows

in the well becomes constant: 5
. At this particulay moment (which s called as pumping

equillibrium), the well constant ‘¢’ is foundout as follows

Jqo) 11 3L —+ Exafmnples

7 'gM - g1r>agt —~ Q

— e o o

1] 2]

b

§

73

water Level = const.

,_a-—?‘,ﬂ': ?‘:D:l

4

At the state of pumping equilibrium -

@: kiA

9

he

= kﬂ[___

L
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& ['—I-:*'] X hx A
Ih +h.'ll'5. (ase, hl': 5

k = ¢ — well tonstant
L

Q= Cx Swﬂ

PeT umit dyawdown

C unit » tim™'
Edi‘ﬁﬂhﬂ‘l’gﬁp&‘l’ unit arvea
constant for a seqwn

~ Type of %0l
q Max™ Pexmissible Drawdown |
15 4/ 13 - |

Discharge (Q) ot some dvawdown (87 as:-

@'=C,AS'
9 - CxﬂDixs’
4
Find D

Pg.No, 88
Q.13 (= 0.6 h"
- g: 10x 10 ™k
§=25m

3 m3/5 = 0;6 h'I X ﬁDl y2:5m

10 % 10 7

= s D il 5452 m
https://civinnovate.com/civil-engineering-notes/
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"% & Recuperation Test

. Ih this Test, a heavy dvawdown 15

whhdtawal of watex of very high Tate:
+ After a significant drawdown is observed, tthe Wwﬁhd»rqwq,
of water is { Stopped:

« The Recuperation or Regeneration of water in a well is CrbSE'rved
N a particulay std. time of 60 to 40 min,

+ The well Constant ‘¢’ is found out as follows

i QM‘T@{:G

)

—

IS caused In the well by

'Hl,

s ,;;r V7774 At

. ”g’ 4=0
X
Q.
Q.dt = -A.ds

CAS.dl = -A ds

Sa t
.,(_i_‘t’_ = -C| dit
S

7
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D |
'Sc,hmge (@) at some drawdown (57 is

Std. Time = 60- 90 min

Pq.No. 88 (wB)

8 i§>
r :l-l“l‘c‘
I I?l =0:5m g
T = t = 40 min
Si=2\m 3 e
6m g= lox 107 ™/
S O 2 i
i

10 x 1072 = : n |2l 'A:HDQ,(E
90%60 05|\ "4

NOTE *+Pumping Test & Recuperation Test are not applicable for

S‘}mme‘s iype of Tube well

» Recuperation Jest 15 more commonly used now a days because in
pumping equillibrium s difficult o attain in

: ] D= 4.89 m]

Pumping Test ,
many instances

% Spectic Yield ¥ Specific Retention

« Valid for a saturated Soil mass
Sé:fum-ﬁon 7one

Pavti Hg /
/ // e 0/
F il e o

E&os :/[civinnovate.com/civil- englneerlng5 a?tes/
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. Saa

Vy = Volume of water withdrawn /Yieided

Va = Volume of

Vv = Vw = Vy + VR

R —— e
e —

water Retained

I

Vy
\'

e

=My 4 Ne A
V V

.

: Sy + 5 p+—>5pecific Retention o
|

Portosity ]

Pg. No. 8% (wWB)

élpacif‘lc- Yield

G _—%> n = 5_‘.] ¥ Sp
0.4 =Sy + 015
Syn 0.5
Sy= Wy
V
0.25 = Vy *. Vy= 112:5 ha-m
(150 hax3m)

% Specific Capacity

& Specific Storage

Specific Capac

1ty

« It 5 a 7ate
the well,

e 1t is determi
same fov all

of flow from the well per unif dvawdown 1n

ne for the fall of 157 meter, as 1 15 not the

the drawdown

https://civinnovate.com/civil-engineering-notes/ ‘




T S
womge } Coe fficient of 3*01"3{_1&

D;SCFQTQ Obtained $rom unit Volume of well ot Aquifer per unit
Cline in the Hydvaulic Head.

R

i — P T

% Theoretical Methods

Hssumptions

> Soi is Homogeneous ¥ 150t vopic
9 Flow s vadially towards the well.
3 %011 is Semi infinite

4-> How 15 Laminay

Dupit’s Theory for Unconfined Aquifer

7i 8
i)
s e, o M mmeeble v o Thwese ik wo el o N g
HZ-"""--. f 3.-«-""-'—__1'1"!“ A 5
\ ' )
.I/ [Nl
* M Sl : Oﬁ‘i_
: LD‘{“";s‘tD“H
: ?E.?W.
g )
: I L
h, — T :- Ty s :
l- r‘,l_ﬂ’ R :
| hw — =
I
Dﬂju_m,______,‘gg _____ be— = = e e W e e
Bottom of wel S o
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q =. ?S'K Ehf“hﬂ
"

K-> coefficient of pevmeability

©= Ak (Hj—hwi):
ol L

In [_5_

Tw

R —> Radius of influence

L Max™ distance upto which the
effect of withdrawal of @ikt water

is obseyved in soil.

Tw > Tadius of well
hw = Height of water in well

H = Original Ht. 0of water level

pg. No. 88 (WB)

9. 15 -' f? g Bl i

| e | —

ha=

]
Bl « + ]
®
[+l
3

< _ - - - -

m—

IR [/15 1
6 -6 m
https://civinnovate. om/civiI—enginee_rjng}{nete@/-[:J-'1 x 10 /5



1360 x 153 sax 107 (Ma)X
Al (mg/s) - ox 8

60

In{;)%J

5 hu = 6%am
5w = 9q0-67.2
= 2A.8m

Specific Capacity

//'?Gi
N
r\_%# m I -
E? 89m qowm
e

1360 210> _ 7 x 2.52x10° x (qoa—é;?-ﬂz)

60 n (R
| 53

o R=20:56m

K 5 852 %106 x (a0 849*)

In 20.56
03

= 1.13 %107 ™ 107 400 % 60 S/ o

Q-

= 6:" q J/mﬁn

(84*- o)
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oo U

U 4 ¢

93

¥

L

C b U 4k L

LE 4

A

Maximum Rate j
Q= N x85ax 107 x (90*- 0) Q = Qmax when hs =h,pg, & hysg

T In [ 20.56 ] Q= 7k (hs*-p2)

0.3 In [r?]
= 0.05I2 Tﬂ% x 103 l/maﬁ 60 s/min

= 3018 4/nin

Theim's Theory of Confined Aquifer

imaginaty w:T
7 . )

;L%

ikl . B B B T
L

Sq’ru m’red
\ B (Thickness of Aquiter)

fff/frrfflff(,f\ W

L

.f_:;,r,,, Iy,

\
A AT R e Datum [BGﬁOmO? wel)
& Aqui{er]

Q= 2AKB(ha-h)
In [ r2
(%]
Ih1+-52 :h|+51
h"hi Z SI-SQ

@ = ankB (5}*52>

—— T

"]

b o R

https://civinnovate.com/civil-engineering-notes/



*
= wca of wells
Two oy

th
th

0
d'Sth“fge obtained thrvough well decreases.

P (<8 -~ Q, (<8

)

™

move wells are Sqid 4o be interfering each other whep
- dTQWdOWn curve intersect with each other. Due 1o jnterference,

=

x, X

D< Ryt Ry )

Condition for No nterference
e —_ e e e e

[DzﬂmﬁRn

@, & Q, — Discharge without interference
Q) & @, — Discharge with intevference

https://civinnovate.com/civil-engineering-notes/
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-~ ¥ Yield from Interfering Wells

POLOLLORELOLLLLLLEELVLITTRLLERTELITE

CASE T: Two identical wells interfeving in =
A
ay Unconfined AquiteY
— / gf f @'
.
P N R P . 7/7?/7__ o
g v
M s bl =
R D "
@;z w Q' ~ dischavge thyough a well

In |2 x R
Ty D

by Confined Aquifer

@’=2?§k5(hz'h¢)

In [T__:L ,_@]
Ti D

CASE T : 3 identical well Interfevring in :-

R

oY Unconfined Aquifer

/®ﬂ0 .(g’ e. 7k (hi=hd)

\.w’ In (f_% KE]
@, T D2

https://civinnovate.com/civil-engineering-notes/




L

t"> Contined Aquiter

@, = QﬁkB(hn"hr-)

In [Iﬁ. xﬁi]
A1 D?

Pg. No. 8¢ (w)

Q.3>

oYt

J _____________-—"‘——-"
F——R-—aonm-_,q
4.5m
i el VA A A A _fff!f!l/x/
B=12m H-.-m =0:|5m

\ .
f"ff//‘/'f.ﬁ///'/‘f/f/f/{f////,-
|&——\50m-—-——‘#

preleb
k=15 x107° ™/

Discharqe without Interference : -

5x 102 ™k x 1am X 45m

In [300
0.15

Q= 2xA x 1

—

® = 0.0669 ™7,

g'= A x)5x 10 Mg x 12m X 4:5m

In [_3_0_9_ x a.ooJ
0:15 156

- 0.06)3 ™

I
°/, Reduction = 9__19- x 100

ﬁttpg:/&ffvi%’novate.com/civiI—engineering—notes/
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-

% Infiltration Galleries (Hovizontal well)

. These ave constvuected at Shailow depths neay the banks of River.
2. They are usually at the depth of 4m to 6m From Groung leic:
3.1t has height vanging from 1 to am , width approsimatey 1
& length b/w 10-100M |
4. water Epters the Gallery though Seepage from its walls.
§. Suspended Solid @B In ihe waier Collected in Gallery qre
negligible: i '
6. Drawdown obsevved 1h an intiltration Gallery 15 move than thay
in Infiltvation wel.

4{'[‘:5-]11

///*@S

- Seepage
v /
ae /////J  Porous wall
Y | | |
. v Im
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> Springs _
Spnng 15 a natural gyt cropping of ground water due o

SXless presgyre in the Aquifer.

SPTings qgre usually Used 4o supply lesser guantity of water
@n be either natural or Artificial.

L

https://civinnovate.com/civil-engineering-notes/
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\5 WATER @QUALITY PARAMETERS

Fa.No. 110 (wE)

Q. 10>

!

&

l 104°%

@, 631450
600°C
“ W N \_/

inorg
07q + inovrg.

@) -@ — Organic

@ - (N — Totdl
G-0— Inorganic

(65.02 - 63.145)gq
|-8%5q

wt- of organic golids in #5 md Sample

1

Conct = 8759  10° M)
1S 107 Yons

= 25000 M3/,

https://civinnovate.com/civil-engineering-notes/



¥ S101cHIONETRY
“-—-_-—-_h-—-

.’> Molecylar Weight
h--:-_-_—_-—————

Standard unit — g

MW = (aCos
(40 + 12+ 16:':3)9 = 1009

AMw = 7 Atomie weights of al' atoms
in the molewules

MW => Alum = A!g(504)3 18 H20
= (a%x 2) + (32x3) +(16x12) + (18x18)
= 6669

":1> No. of Moles

n= Givenf wi. (9
Molecular wt-(9)

Find the "n’ in 10009 oF Alum

‘n = 1000 g . = |.5
66649

Find the @@ no. of wMalerains 1. moles In 300q of Caco,

'ﬂ= 300 - 3
00

| pple = 10° m moles

no. of ™ moles = 3000

https://civinnovate.com/civil-engineering-notes/



1™ 3) Equivalent Weight

Eq. wi. = Molecular weight (g)}
Valency

Valency ~ No.of electron transfers taking /taken Place

TTTT7

la1]
>z
O
3

T,
h
Ve

(D Eq. wt of  CaCos = Ioo9
S\ -
Ca®t 0%
2e”

@ Eq. Wb of Nacl = 5859 - 586 g

/N

Na*t cl-
\de
= = GO ;
@ Eq. wt. OF MgS04 = [R0gq g
SN
Mgi‘l' qu‘
ae”

(@ Eq- wi- of  H2504 = 38 4 = 499
//\ ’
o IS
H-l -’LE;/?

&) Eq.wi of Alum < ‘i? = Ilg.

Al (504)3 18 H:0 —— 18 Ha0

P 2A‘a+
.H -~
350;

hftps://civinnovate.com/civiI—engineering—notes/
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T = & R

®© Eq. wt of ca2t

= 409 = QOg
]
® & wt. of 502"

= 464
2

1]

N

o=
w0

4_:> Gram Equival ent

Gram eq,. Given weight (in g)

Equivalent weight

Find the no. of g eq in 3009 oF CaCos

g* eq, = _3009 = G
509

Find the no. of mq €4 in 10009 of Alum

g. eq. = 10009 . q 009
g

1geq = 10°mg.eq
mq.eq = 4009

GRAM EQUIVALENT PRINCIPLE

—

“1gq eq of any compound veacts with 1q eq. of any other

compound 10 p'raduc,e 19 eq. each of the yespective Products
in o freaction”

@--E.q,-OF L = q &% OF &

; I wt- (]"Fttp@://cis/i@ogqje.gpn(@pi\dd-egqinﬁerir@p?ﬁf/




i

HoS04 — W' 4+ 80,

484q 19 9649
Given wit. = 6009 j | J
/
6009 600x% 2 G00x 96
q8 q4
= [2.244
q. &9
6009 12:24 g 58%.46 9
49 9 lg 48q
s 12,24 geq. ~ =1pGELe & 12:24 g eq.

8> Normality (N)

It indicotes strength of solution

No. of @ ¢q.of gplute

N =
Volume of solution (litres)

Prepate a 0.5N Solution OF Nadl

Solvent —> wWater

0.6 N = No. of g.¢€q. of Nacl

'2 chl
11 24.259
No. 0f . ed. 10 be added = 05 )2
wt. 0F Natl requived < 0.5 x 585 = 2q,259 @
: . g
rll\Tm 5trength. L

ST T T e ey

37
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» BNl - B DA
NGTmOMg Pyinciple
“-—-___—'—-—_.*___._.——l-

NV = NV =2

(APP*S’ 0nly when No. of @ . eq. in both Systems 15 sameJ

‘lp 9 €q. solute ﬂm‘\. g.6q4 Solute
) 5 N
B
Vl. _l Vl (}Vi)
Ny =X ' = X
b % Va
-x- = Ni\"l 1 ,= MJV&

- 67 Molarity (M)

It also indicates the strength of Solytion

M= DNo.0of moles of Solute
Volume of Solution Clitres)

Relation between N 2 W

N= mnoof g.eq

V(1)
= wt. (9)
eq. wt x V(1)
= wt.(a) x Valeney  _ No. of moles x Valency
Mow(a) x V(LD V(0
= Mx Valency

https://civinnovate.com/civil-engineering-notes/
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Chemical Water Quality Pavamete

Y pH
«pH is defined as Potentlal exevted due o H* lons pregent jp

water, .
« o# js a method of representation of concentvation of " H* jon

present in water. | : ;
« 8imilarly poW is Potential exevted due to OH™ jons present in water,
« Water 15 in equillibyium with HT & OH™ fons & at 5%,

water dissociate’s as follows Al |

| 3%

H.0 —— H* 4 oW
For an  Equillibsium Teaction at a particulay temperature, the
Reacton rate constant can be wriitten as follows :

aA+ bB =—= ¢C + dD

ke — Rate const. in forward direction

ke = [¢]° 0]
[A]* [8]°

ks = [A]* [B]" :
B [DJ‘* Ke ke =

For water, Kf of Forward Reaction ,

s DT fon
[wo]’
- 10
H = 109 :
P ! [HUGIH/‘L
pH = -10g, [Ht]

FoH = - 10910 [OH"]

https://civinnovate.com/civil-engineering-notes/



CA&E I : [H.}] ]-,_ ‘;0;4. mgl/l

PH = ~1og,, [107] =
POH = "‘C'an [iO’q:[ =]
Neutral water

SASEL: [ye] 5 o molj

[on-] < 107 molj

pH{-’f

} Acidic Water
pOH > 1

CASE [ - [H-i'] < 10-? T‘ﬂﬂl/l
[o] > 107F mol/,

pH > %
POH‘QI"

[Ht] [on] = 107"
1091 {[m] [w]} - 1ogp 107

10910 [H'r] + Iog,u [CIH'.J =~-14

} Basie ‘Water

14

pH 4 pPOH = |4

Acteptable Limit of pH of water = 6.5 - 8.5

https://civinnovate.com/civil-engineering-

l:. — I_ e | SNEEESSESSE
1

AARREELEEEEELEE R

)
F

AALL L4 4

/-

IVIIIZE R

l




“ e e e

‘f‘f-'Mtusuwemen’c of pH

@D - PH can be measured exactly with the help ot Specialized devige
@9 Called as Potentiometer ¥ it can also be compuyted approximate |
@y Wth Help of indicator. |

9 - Indjcators arve elther weak aclds or weak bases , which show a
&9 Chavacteristic change in thelr colour at certain pH Yange .

* Those ndicatoy which change thely colouy In acidic Tange g
called as  Acidic Indicator (Methyl orange) 2 those which charge
Their coleur in Basic dedr Range is called as Basic 'ndicator

(€9 Phenolphthalene)
« Indicator ave used fo determine the end points of Titration,

Pg.No. a1 (w8)

@
\

i

[on] = 105¢ m mol /)

= 107°¢ x 167 mol/,

= p [p-%¢ mol /,

POH = -log, [107%¢]
= 8.6
pH = 14- POH = 14-86
= 5.4
Pq.No. 94 (wWB)
0.3 py-a.as
pH + pOH = 14
g.25 + pOH = 14
2. pOH= 435

https://civinnovate.com/civil-engineering-notes/
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[ CIH*] - '0~4+’f5 TﬂOl/i
T wole of OH" - 134

10°%% moles of OH = 10-4%* x 1% g
10-4%x 13 x 10° Mg

it

0-302 Mg

if

tone® of [ow] = 0302 MI/)

Pa.No. 94 (wB)

| S

Q3% on -6, [HY] =10 ™I
pH=2, [#]=10"% mol/y

_ 107641078
E K

Pg.No. 44 (wWB)
Q- 33>
- PHA = 4.':1
[oW]ag = 2% [on],
e ok -4.1
2147 o

https://civinnovate.com/civil-engineering-notes/
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POHa = 14- 4.2 =4.8 :

[on]s = 10798 mol),

[oH]g = ax1071® molj

OO0 080 EET P

pOHs = 9.49
pHe = 14 - 4.49 = €59 4 g
52> Alkalim%y

D - Alkalinity is defined as. ability of Certain species o neutvdlized
2 Ptions present in water. (N natuvally occuving water, ceviain
D Major species ave present which bagnge Constitutes more than

D 497 of Total Alkaline Species -
@ " They are [on], 0%, Heog

2 The Minor species Whrc,h eonstitute (ess “rhan i '/ of 'Tc:rh:ll mkqhne'

2 apecies are
H5, NH3, HaPO4', HPO; » HsS$i03", HaBO; ete

OH™ 4 H' —— Ha0

9=

co*

+ HY —— HCO,
HCOs + H1 -——%‘ H2C03

weaqk acid

OH™, (0%, Hco, ave ingjor species beeause they ave obtained -
in watey from mineral deposit from earth crust as well as.,

dtmospheric (02, o .
The Reaction with atmospherfc 0. is govevned by Hamys lqw

v e w w @9 WweWwWeEeEOvVe BUE

NOTE : Henry's law' States that “ The concentration of various gases
in &liquid i propottional +o Concentration of these gases in
' 4he atmosphere of that liguid” |

I https://civinnovate.com/civil-engineering-notes/




GO, + Ha — HaCOs
Carbonic Acid

D

HaC0s — H*" 4 |Heos

Heg™ = Hh & |

2 i | =1
COy + MO = |HcCo, |+ oH

Impacts of Alkalinity j - 16 /n/n
|

High quantity of Alkaline species causes B,ﬁer taste in water.

2. The .Alkaline species tend 4o dorm  Incrustation or depogition
OVeY vavious sutfaces under Proper conditions,

//g

™

Co3 +Ca _ A, CaCo; ¥
| ?Nhr[& L%’oky)
SO B mrliitys
white

Rep7esentation of @@ Alkalinity
AlkalinWy s vepresented in tetws of ™9/) 44 a0y because -

iy 1t's equivalent wt. is 809 %48 thus make +he calewlaton easy
2\ Alwralinity s ultimately Comparved with Havdness & thus wyltten
in form of alos

Acceptable Limit =200 MI/1 as  (qc0;
cause For Rejection =600 M3/ as CaCOs

https://civinnovate.com/civil-engineering-notes/

P o A N e N e N e B e N e T o Y o .

P T T T T S o S o T U



Pg. No. 45 (wB)

ady ~.
I (oF - 20mg  OW'= 68 mg

HCO; = #123mg

Gram eq:= Given wt.

Equivalent wt .

Species weight mg. eq wi & Ca (03
C03 210 210/30 +mg.£q X 509?—3;;;9
OH" 68 68/1% 4 mg.eqx 50g = 200mgq
HCO0G 122 4y 122 amg.eqx 50g = 100mg |

Alk = 650 M3/ as CaCOs

OR

5 Mol of OF 1 ot oty

Alk. (M3/1 as (atos) = -
Eq. wt 6Ff (05

mI/) of HCO3 x €q. wh of CaCOs ¥
Eq. wt 0f HCO3

ma/a of OH™ eq: wt. of (acos
Ea’, wt. of OH™

https://civinnovate.com/civil-engineering-notes/
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L N oA
\EE‘___;TE_\% of  Alkalimty

T laborqtory, Alkalinity is weasured by titrating the water Sample
QQaINst Styong acid i-e 0.02 N H2804 ( as a Standavd)which Teacts
With Alkaline gpecies sent I1n Water,

pecies presen B

f Phﬁnﬂiph"rhqfﬁrﬁx Methy! Orange ave used as Standard Indicators

N the Test.

1 777~ Titrant 0.02N H2504 -
Vol
/
water Sample 4 P+ MO f‘m sea,ut',ncej
P+ Phenol phthalein MO * Methy! Orange
H< 82
Colourless 4_P—- P PH?ma Pink
pH(‘ 3.5 PH =45

Redfomangt Tl My Sy Yellow

£ 0.0aN H2504 15 uSed *

1 mi of acid 7Teacts with 1mg of alkalinity as CaCos

ey .49
N =_’No+ ol 9.eq of Hal04 qeq = wt. (9)
Vol, EntTESD Cq.-*N"l'.
No. oF g.¢q: Of HaS0s = (07%g
£ 0.02%107% 509
= %10 = 2x1p™°
https://civinnovate.com/civil-engineering-notes/
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rri
u>
m

2650 ml of water sample . K requived 106 ml of 0.02N HaS04 fo,
Complete titratlon. Find the Total Alk. (™9/1 as CaC0s)

n@_

=> ,

V !asmi 06 mi of acid veacts with (05 mg of Ak.as l‘:q(’%

in 2BO md Sample. |
.. Total Ak, = 105 M3 as CaCO3
. ) .O!QSJ‘F 3
JBUmJ. ! _
= 420 M9/ as CalOs

\-—

Pg. No. 45
Q.35
. = j?’umj
A y=200ml . - -
Alk = 30 = 150 mg, |
02 ' '
= 150 ma/,

5 mg ) as wmm.

c 5 2- 145 ™3f| as <-:a603 =
\OH Heos; (03

\___—-—V____,_p-/
pH =10 , pOH= 4
OH =jo~* mol/) x 1¥ x 107 ﬁ-,q - I? ma/; (as M'_OH" itsglF)

Tow)] = 1.3 ™k x50 = b ™) as (aC0s
i g

1000l of Ssample is onsidered acid consumed upto pH of 8.3
= )l x5 =55ml

" in 1k sample, 55 mg of Alk- 4 (al0s #\s v veutralized il &

PH of &3

(¥

https://civinnovate.com/civil-engineering-notes/
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L
e :
‘% Curve

o OF Water Sample.
i UH- A1l H'r — H'g_o

783 h
w;' t Ht — HCO0; ® (formed from COEJ

Pink

Colourtess < 83 |- - — - - —— = H (03 HT H. (0
3 3 + —_— a3
(originally present)

Heo3 * ¢ HY — Ha (03

Yellow

Red/ﬂ‘raan“q"s Rl i

>l of acid
consumed

. (0.02 N H2%04)
@ The change n pH of water Sample w.7.t Volume of acid
tonsumed is depictated by TitrgHon Curve .
() Natural Water usually have pH ranging from 85 to 1.6

() At pH of avound &:3, OH™ & Half of Carbonate Feacte with H!
at this pH, Phepolphthalein turns colourless from Pink,
It 16 rtefevved as |1 Stage of Titvation. ov  Phenolphthalein

end pt-

@ At pH of avound 4.5, the Bicavbonates oviginally present as well as
those. formed From carbonate completely Yeacts whth H? jon, At this
pH | Methy! Orange turne 7ed from Yellow, Tt is vefevred of &nd

of Titvation or Methy! Orange end point

AR riNNNDNDOLOLELLEH § SPRLOLLDRRRRARRR R D

ra
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5 Ansi Pg.No, 45
= Q.36 3] =65 ™9/1 as Cacos

10 ;
1 = (85-5)x %> 100 M3/4 as CaCos

[HCOs] + [co% ] =145 M3/ as Calos
[Heos] =45 MIfu a5 Cals

W

Nml 5 30mix5
= 55m‘| =50md

3> Hardness -

Havdness 5 the propevty by virtue of which water doesnot form
lathey or Foam with Sogps ¥ Detergent.

autFicient
Tt is due fo the presence of Muﬁwalen’r Metd“\‘t Cations presents
N water ' '
pge " AT - O ren -C'f“/fﬁr”'

Mo2* A1 Nﬂ”/ﬂsq/Mﬂa*

M Rt o -

¥ ). 0

Types of Ha'rdne,ss

The type of Hovdness i¢ ¢lassified on the bases of ’rhe anions
orginally associated with Multivalent Metallic ‘cations in water.

Tt s of following 2 Types:

bbhbb\sBbb%i&&bbbl&'lﬁ&&"l’?!

=
3-<> Carbonate Hardness

3 't is duedo the presence of Carbonates & Bicotbonates orglnaﬂy
5 associated with Multivalent Wetatlic  tations present In water.
5 Such Hordness s easy o Yemove by Bbiling & Thus it 1s also
s Teferred as Temporary Hardness.

>
>
»

https://civinnovate.com/civil-engineering-notes/



<3 i SN "
< Non_carbonate Hardness ot
R Chloride , N1t |
e caHons PYESEnt
by Boiling B 1t

Softening

5 due 1o the presence of Sulphates,
korig\nmlg associated with Mu Hivalent Metal
' Watey, Guech Havdness cannot he Yemove
Teqm‘\es certain Spec.ialize technigue? alled Water

J*‘?‘Chﬁ\lq,ue& as follows !

@ Lime - soda Method

@ Ion Exchange / zenlite Method
Demineralization Method

@) Reverse Osmosis (R.O)

Impacts of Havdness

> Hatdness increases the Laundvy Expenses

2y Havdness s the presence of minerals in water & thus it also
imparts Taste to the Food: .

3> Excessive Havdness produces laxative effeet in water, The
(ommon laxative ate MgS04, CuSOa, CaSO04 etc.

4y Havdness  causes  Scaling n Boilers & incyushtation @ @ovey
Pipe. Thus, for Industrial water gupply, 7evo Havdness water by

reeommended.

Calculation of Havrdness .

@ To tal Hamdness

= M ] x eq, Wt of Cac03
eq, wt. of Ca®' .

¥ [7"”% 284 P’lqnf ] x €4, wl 0f (a0

eqwt. of Mg Ca(Heoy), (oo TS
+ s oy b oroat "- L N A & q
G | oy = |
U
https://civinnovate.com/civil-engineering-notes
g2 so2-




§® TH = CH 4 NCH

TH

Alkalinity

eeé

g @NCH = TH - CH

Eg-
Th = 300 M3/, as cal03
Ak =180 ™9/, as Ca CO3

300
GH = min { = [gO M9 )| as CaCOoz
180

NGH = 300-180 = [20 ™3/, as Ca®3

TH = 180 ™3/1 as Ca(oz
Atk = 300 M3U as (alos

CH =180 ™MI/1 as Ca (03 (BN

NCH =TH-CH =0

Pg. No. 9l
8107 jot - bomef eI = 165 mg /)
B a2t =yomoy

v Mgt =30 Mafj

v AL = 3 ™9y
Heop = 190 ™9/

40 ™3/} x 50q + w'g'ﬁaﬁg + _S__HE_Q..xBOQ
20 g - 9

- 041.6% ¥ 242 ™I as Cal0s

Th™

https://civinnovate.com/civil-engineering-notes/
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- . - - - -

mka\in'nty . 190 ™M/} « 504
6lg
=155 % v 156 mg/y as CaCOs3

CH = 156 M9/, a$ Cacos
NCH = 242-166 = 86 m3/L o# a5 CaCOs

9. N0, 43 (wp)
8.23> b—— TH ———

mea/ 2:6p 4.0 . 6.35 6.85
L
rfﬂ“ Mot | et | k|
meq /, _ HCO3 50 Cr .

K i T 645

k= Alk —4= NH)

CH
(niwo - 3~3> x50 =40 M3/| qs CalO3

~Limvs of Harzdness

iy Al
2y GFR

n00 MA/) as CaCO3

b

i

600 ™3 /1 as CalO3

3y Pretevied Limit for Dvinking <« #5- 115 m3/1 as Cal03

Degree 0f Hardness

; TH (mgﬂ as Cat0s) Degree
0- 55 Sofd
55 - 160 5tightly Havd
100 - 200 | Moderately Havd
~ Q00 very Havd / Havd
|

https://civinnovate.com/civil-engineering-notes/
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® 4> Tota) Dissolved 5plids (TDS)
®» = 2
® TIDS can be 'measuted acourvate
®» Dy 9pecitic Conductivity Test:
® This Test 15 carvied out by BDionic water tester at o standard
e ot A6°%¢ .

ly by Gravimetric Methed & Approximaie,

® tempevatur

® \ore
) /s approximate because, the compound which get dissolved

a This Tes ‘
> 'n water but do not get ionized cannot be measured by this
2 W

5 Test
Eq. Phenol, Aleohols, ketone ete.

As  Temperature increases, olectrical (onductivity alse increases
=1

oI Manuals Fformula e for TDS

Electrical Conductivity 10 M Hhofon x Temp Coethicient = TDS (")

Temp cocfF =k = 0.65 (at 25°¢ ")

https://civinnovate.com/civil-engineering-notes/
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*r__ LW L T oWt oW _-r .-. l J —
PUMP HOULSE
S CREENING pPuUMPps
o X X
water creens _..nm_ @
: centrifugal
\of
s to rtemove large To contvol
M tloating suspended Discharge
B matter from
< Raw watey
—_
P
j18]
=
< | =
S| &
= | £
|| §
-
T
Lhe
(=]
A
al)
)
o
M.l.
o
g
)
=
a
')
#€ |

!

AERATION

Reagtors

To incvease the

SUTFace Avea
of watey

To Distribution
System

Aerations | —r Coagulation

up of
R, Floc oﬂqﬁw.n_ﬁ m.wn_ imentaHor
e e e S - entet
" COAGLLLATIONS | IFLOCCULATION SEDIMENTATION
_ o
- Floccula Hon Flocculated Clarifiers or
Tank _ chamber water | Sedimerriert”
| _ Tank §
| 3
L =
e 1 el e .
“To add coagulants  To €nsuT T ensuve g
& +0 Induce format® of m@wzmam:m of
fast ﬁ._mv:_um _u_@mm_.‘ Hoces ;.(T_DJ _U-Qﬂ_m_q .ﬂMO%h
ave easily settleable p, =
by ‘nducing slow .mqniﬁiamﬁ...
mixing Force g
9o
Sett
2%1
[
£
>
DISINFECTION _n_ﬁrbja?_w
Disinfecton | Fitered  |Slow Sand &
Tank water Rapld Sard
Filter

ﬁ..“ kill ﬂ&gmma c

coagulation Aided

To ensute sethlement

of ~emaining
Suspended gol; A




% Screening | .
= |5+ O'PE',TU'HOPI ad(j'p'!'&l in WTP as it vYemoves

maiter which Teduces wear & Tear of the
Load on the Trveatment Plant.

® * Scyeening 15 1he
® lavge Floating suspended
® fumps X also veduces the
® «Their ave following & Types of SCYEENS

b M Fine Screans

) . They ave in' the *form of wite mesh  with ¢/e Spacing

less than aomm .

« These Screens get choked e,asqu,+hus YequiYeing {fea,uen+ cleaning.
ns they ave not very

=
& - Due to High opevation cost of such seree
o (Ommon in W.T.P |

=
@ Coarse Sc:.'reerts

* They ave in the form Of- pqronel iTon or alummmm bars with %
spacing between 0 to 100 mm,

« These ave most commonly used as Theq allow h!gher d1schq1'gas

2 without the problem of frequent Choking.

2 *They tan be Mechanically Cleaned @ by Raking Mechanism

>
= |Pesign Data |

D

1> The baws ave of 10 - 26mm in diameter
2y The Screens gve always placed inclined at an“angle of 45 to 60°
w2 With horizontal in direction of flow, |

3> Initial Head loss Ch.)
Head lost b/w U/s & D/s section when the screen is 100 7 Clean.

=

LL
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hy = 0.0%29 (v*-u2)

V= veloctty thvougth the screen (M/s))

W= velocity at the V/s gection (M/s?)
hL =+ m

&
> Tota) Screen area In contact with water = A
The scveen ghould never be allowed 4o be clogged more than Afz

5
b+ Velocity thvough a 1067, ¢leqn screen (V) should be between
0.8 - | m/q | .

*  Aeration

*Aeration 15 o process of bﬂnq\nq the incoming wa+e'r in intimate

contact with Air.
* Aeration 15 atcomphshed with help of Aeration meactors in which

fhe basic principle is 10 ﬁncrease *Fne sutface. avea of water as
much as possible

Advantaqes of Aeration
® 1% inereases. the dissolved oxygen content in water.
® 1+ veduces the quantity of undesirable gases such a$ Ha$, NHs,

ﬁﬁff?@ﬁﬁﬁﬁﬁﬁﬁﬁﬁppppnu

5

CHa etc from water. \

@) 1t removes the volatile compound Such as  phenol, Humic acid ete.
from water.

@ 14 helps the precipifates the Dissolved Tron % :ngne,se PTEE’_GMI ~

YL

in water.
4Fe" 4 0.t 10H0 — 4F(0H), § + ant

aMn™ +0s t QH:0 ——— 2Mn0,§  t 44

https://civinnovate.com/civil-engineering-notes/
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NOTE @ () Aevation of Ground Watey Usually induces Acidity in Watey

@) Aevation Helps in Disinfection Process .

Types of Aerators ' . ;-

O

1> Cascade Aerators

-

|
|

A\

\

l
!
!
{
i

Masonty

e b e

> Robust & Duvable
- operation & Maintaenance (04t 15 least:

2y Spray Nozzle Aerator F
- M -

| 832 [/ AL QA

— Tan::ﬂ' Process

- EfFclency 15 Highest
— Operation & Maintenance st 1s highest | i

> Nozzles are subjected to frequent Choking
-~ Only Uused for Groundwater

COLOLOLLLLELLLLLOLELLLLEGULULUUGUEEEEEE G
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3 e -
> TT'GH!hg /ng Tower Aevator

---_-J—xﬁ_“_ e i O

—

E i’ p gTqve\ Helps in ggneraﬁnﬁ
p% : Turbuiance]
C—\\\" -»/rD /<JTTGH’

R QAR
/////7/////7/////4Toﬂw

Process

=> Initial constyuction cost Vs High,

= Efficiency is 1ess than cascade Aergtor
—> Lless Robust & Duvable than cascade Aerator

NOTE ¢ Screening 15 o Compulsory ' process. for susface watey %

Aeraton is ompulsory process for Ground Woter as well as water
Obtained trom bottom layers of Lake.

% Sedimentation

—

 Sedimentation 18 fhe process by which the SusPended Solid 4
present in water settle by the action of C—:mvltu

» Their are a Types of Sedimentation

() Plain Sedimention - 5Sedimentation without (oaqulotion &
Flocculation,

(® Coaqulation Aided sedimentation - Sedimentation qssisted by
JLooqulaﬁ‘on % flocculaton

https://civinnovate.com/civil-engineering-notes/
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Th eovy of Sedimentation
In geneval, the particles which have higher diameter ¥ "”@her
Sp. Gravities have a higher tendency 1o get settled.
In Natural water, impurities can be either Organic &%&
Inorganic whose Sp. Gvavity vange as follows :

Types of Impurities| . G Gs deslgn
Organic t-2 L2
Inorganic 2.6-249 2.65

|

In watey treatment , the settling behaviour of one pavticular i
analyse ¥ is applicable +o all the particle in Suspension. This is
talled as Type 1 Discrete Partcle Settling in which parﬂcies do net
interfere with eachother while Seﬁnng Lo )

Analysis of Type 1 Settling

t=0 - Particle i5 intvoduced in watex

a
AFg -
r_- D Gs >l
FaT ! Ts >Tw
1§\ g
YW _
Fe+Fo
W
w > Fpt Fp

https://civinnovate.com/civil-engineering-notes/




YFo v
= —
.FE,H = M m_d_"_"_
dt
— —
Fext ™ dv
At equilibrium -
FB*i:-D =
’ - Fext =0
IW= Fg+ Fo B
W v = 0

\}; = constant
- se*tthnq_/Fiﬂa'i /Terminal velocity

2 P
i}.‘TE’Ts - j_;;-rﬂ’Tw = .]5 Co Sw Ap V2 "y
3 3

i -KTE ('Ts",r\ﬂ> = -;!J— C-D _’I_"'!, * HTQK IJ‘..";I:1
3

9
El. % i[@fs”') =_C'°_x'd§,2
2 3 29

U'éi:i gd(G‘S'|‘>
3 Co

\}'é = j% gd CGE"‘l.)
Co

https:Hcivirmovate-comreivitengineering-notes/
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\h‘,l?\dT y \}5 D{GST

Deteymination of Co
a function of diametey of particles & Reynold’s Number

Cp is

Re « SVx ~ + tharacterishic dimenston

Re = g\rﬁd

W= ¥ gdh(_frs-l')'x_\_?:-;d | ) :
s aAe v " 1

sroke’s law for lLaminar Flow .

V= 9 CGs-i)_Eii
) 18 v

CASETL: 0. <d < | mm
| < Re <103

Cp= R4 +_3_ +0:34

e

Re  JRre

Hazen'’s law for transition quw

Vs = )f;_ gd(G's-O '
D,

https://civinnovate.com/civil-engineering-notes/
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CASE 1 . d > Imm EC,
10} ¢ Re < 107 l

.]\h - ﬁ,z, qd(&s-l)_[ .

V. = 1.8 @d(&sﬁf) Newton's law Ffor Turbutent Flow Gl

s = if g .

f Sedimentation Tanké/cla"riﬁe:rs CQTT
5 W ) .“
cedimentation Tanks/ Clavifiers 3:'{!_1"“

_ | | I

f - %_-ll_‘

Quiescent Type O7 Continuos Flow Type &
Fin & Draw Type o =

| 1 &

Horizontal Flow Typ.ﬁ N:gﬁicﬂ] Fhm Type J

or Rectangular Tank _
Chc.um'r Tank “‘\'

N

Wiy

Qui escent Type oOF it & Draw Typa Tam«

5 ln this tank, wa'tef s filled % He,p'r +c}'r Detenton Period of t
KY
N

g8 to 24 Hvs,
» Thie can handle only small discharges with |ess ’?lucjuaﬁon,

. Thie ic not odopted commevicaity betause the other treatment
uplt are not n function during the Detenton period of waler é:

1 the tank \F
q
By
NG

/

https://civinnovate.com/civil-engineering-notes/



. il v Detention Period g
A : 8-24 Hv. N
| 7777777 7 77 K777
J ¥
b Sludge
Solid 1 wWater

- wWithdraw , .
0
.

17 Z7Z 7L Fil e ]

e
|

ki)

i#/n /19

Horizontal Elow Type / Rectangular Tank _
| nk N whith  water enters

'it is o (entinuos flow type t0 | "
horizonatally, moves horizontally R exits horizontally.
o A Rectanqular tank eohsiats of following 4 Tone

@ Inlet Zone
@) Outlet Zone
(@ Settling %one

() Sludge zone

' The Analysls & Design of Tank 15 based upon $ettling zone only

https://civinnovate.com/civil-engineering-notes/
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QWalysis

ﬁﬂ%.‘?‘_l@jjions
1 * ,
> A Particle 1s said +o be vemoved only when it hit

bottom of the settling zome.

> Al the particles 0f Al the sizes get’ uniformly distributed ot

the iNlet of the 2ettling zone.

3 As Soon as the pavticle enters the tank , j+ otarts settling with

s Settling velocity

The, Anatyste of gedimentabion Tank }s based upon ctomparing the
dctual  settling velocity (Vs) of a partole with a required velocHy
to ensuve the just 100 settlement of Design oF cffective Sire
parHele (Vo),

Detention Time

A | Freeboa
e ket
o FH —>Vu % =
.‘\
“-"‘-‘.
; =5
“‘1 e '-._““- vH H
-] H«-,
B \o SN 1
b b - s ¥
'-._H - -.__\_-“‘
-] N "
H-MH MHH.. ““"'-.
° ""-\_} ‘-ﬁ F -“"‘k r__

Dy = Volume of the Tank

Discharge paseing thiough Tank

Vv - LBH o L .

H
Vo

https://civinnovate.com/civil-engineering-notes/
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LBH _ H
Vo

g

.. | Vg

L

S
BL

Vo = Surkace overtlow Tate
— Unit of velocity

> ™4 /m*, Ad/m* ete.

Vo - Depends on Flow & Gravity
Vs » Depends on Dia. & Gs

Vs = Vo

()
>
w
m
-

|

n * just 1007

CASE T : Vs > Ve

n-= 100 7
At
Ve '
N
] B
CﬁSE m : v;, -(\’g w
et
M < 100/
\v)
Vo 2 T
= -Iyﬁhs‘k B
e S ---..
T &1"--‘-'-5. = - H
e T
P = g = N
Lk ol

https://civinnovate.com/civil-engineering-notes/
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|

: ‘T g B

f BfR) s dia P, R Foi. T
| Cleney of settlement icles having Vs< Vo (4
0! O St oF Ramtlect pee ;
et wos wh of partides entering the tank ¢
R > W, ¢ upon which fhe particle gets settled ¢
W, wi. of paorticles pvesent pev unit (weio Height <
H ' &
n = v of pavticle settled i Q
wt. of pavticle entered S
&
= _.‘%L x h ]
160
" | Q
S
n=h 00 H = Vo x Dy <
H h = Vsx Dq =
i
n=VexDi » 100 -
Ve x Ds E
N=Y% .0 G
Vo C\
Pqg. No. 103 Q
g.4%> . 1 <
size (mm) | wt.(mg) N | wi Settled {mg) Q
' S
6 150 100 150 N
5 250 100 250 -
4 100 100 100 Q
¢ =00 #0 140 s
2 300 ~
, 55 ' 65 "‘~
LY

r

https://civinnovate.com/civil-engineering-notes/ ¢



L) R RN .
4 -- N =-8% xipo = 80.5 -
= 1000
MW= Pg. No. 103
= g.45> | | |
I | Pavticle Size Settling velocty | Quantity Efficlency
h (rom) (‘Iﬂfﬂfsgr_)
= | o
. 3 0.1 0.2 10 5% 14
.
= 0.2 0.25 15 H.42
o= 0-3 0.3 5 | 85.71
s ) = s el .
s 04 | 0:35; 20 100 ’
o R ¥ u
_I - 05 0.4 YOO 00 |
:.-i 0.6 S LR 20 | 100
l o Wt enteved wt. Settled
: Let initial wi.
' = 10004
l‘ 100 g B2 5%.14q
l'_i 150 9 10%:13 g
r 50 ¢ 42,8554
"_ 200 9 20049
l“ 300 ¢ 300 9
I _ 200g | 200 ¢
L, —— q0%. 125 o
[‘1 1000 g  mgeas A . oRIB . qo:nl
') 1000 -
-I; https://civinnovate.com/civil-engineering-notes/



P
9 No. 102 (wB)

140
=> Oeneity of water = 1000 ¥9/m?
Density of Partide - 2650 k9/m3

Vs - i (Gs-l) d?
B

- qol{.a ik %5—" @x100

O*un = VS

Q.81 w/g (2.65-1) ,(__d:_'__
18 "B s

d = 22.5% X 1076 m

=22.6F Mm

Pg.No. 163 (WB)
{Qiq> H=356m
B L=65m
Vp = 1+22 Cm/sﬁc
.Gs = 2,65
N =00 Cmn/sec

1L

n

\jg:\"ﬂ

- 40 "d

86400 3/

x 04

e e WaVa el aWa¥VilWi

N ™Y N Y N

0N N0

€ O 0 N 00N 0N

Fa

\

Aseuming fhat the settling velocity s described by  Stokes gq,,

https://civinnovate.com/civil-engineering-notes/



s BOH Ly laax:oz m/s
65 ™

Stoke's law 15 found to be valid if d<O0dwmm & Re<l

v d = 0,023 mm <0Olmm, this criteria s satisfied .

theck for Re

Re = 6:56% 10°% x 2% 10" m/Jsxm

076 M
= 0.01%
Pg.No. 96
A
07 |y 200 M9/
Ve —3'“/%-.
"zonmg,’.l-at )
l |{a]s] I'I'I.ﬂh ’

I Ve=mpe = 200 Mg/
T o> Ve = IM/p  ~ 300™3/

Nr= 'IOO?'*
Ny = _xlo007. = 337
3

bpetbo BB
4

—
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H.Qﬁﬂgﬂ_o# Rectanqular Tank q '

) :
> Detention Time

® ¥or P.S = Dy = 4-8 Hr.
® For ¢as > 04 > ama

Xy S5.0.r

@ For P.S > Vo = 15000 - 30000 /' m>/d
For C:AS > Yo = 300006~ 40000 4Ym/d

3> Height of Settling Zone = 118 - 6m

4> -]L: 2 to 5
B

5> VH = 015 to 0.3 ™/ ein
( To aveid Turbulence in the Settﬁﬂq "E'GE-HH_)

8y Additional depth for sludge aceumulation can be provided
between .8 -1,am

77 Freeboavd = 0.3 m %
NOTE ¢ Usually, additional Volume for inlet & outlet zone (s

provided n the Tank which 16 taken approximately 5 - 20"/ of the
volume of Settling one.

https://civinnovate.com/civil-engineering-notes/
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) * vertical Ho-w Type / Circular _ank' |

b
, LD this tank, water enters vertically at the center, flows Tadialy
> Outwarde & extts Hovizontally by overflowing through a weir.

> The bottom of the Tank in kept inchined fo accumulate the sludge o

b the dludge Outlet- | _
> This bottomn ie veferred as Hoppered bottorn which ultimately belps i

> Pensification of sludge thete by veducing handeling cost of Sludge .
.

Sih;:e the Horizontal velogity of wates continuosly decreases , the

' A 4
» Yrajectory of Settlement Of Particle 1¢ nhot ling&r,
b o
b : Weir
N2 Y

. ' zfzzl </

g 1 -,

: 2 |

) Drain 3 4.
y H | J
) J P~ D N >
o — LLITII7 MY S L L L
) e e = o ']1 ] Hoppered Bottom

(4ini5 to Lin20]"

A
3
N

Vi

}
1 38R
@
AT
3

P
l.
|

https://civinnovate.com/civil-engineering-notes/




| Q> SOR, ‘vﬁ-: Q
| AV

i 3> Weir Overflow Rate

]
|

e 4 B

_\‘MUme of Tank V= Q.04

A D’[0.485H + 0.11 D]

Tﬂ?"/d /m a

W-O,R -; 'Vw: @

Top View

G A Citeular Sedimentation Tank Fitted with Scraping Mechanism

' 40 treat o diccharge of 4 Mb, the Detention time requived
i5 HHT. ¥ Depth of Tank & 3m, Find the Diameter of Tank,

=7 V=D
V= p>[0.7854 + 0.1D]

g LI o 103 Tﬂa/d % Bh X 38&0 5/h i Dﬁ [0’485.‘3 ¥ Ol D]
88400 3/d

] (D= IB-OGTJ

https://civinnovate.com/civil-engineering-notes/
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% Showt Cireuiting in

Sedimentation Tank

* Shovt citeurting in an' opewaton frouble which 00cUrs when

water does not get uniformatly distvibuted thwoughout the

Tank.

» This happens when o lavge portlon of water pas

“s of

ses disectly over

the Top sutface of Tank without being detend for the Intended

Detention Time.

» The bottom layers of watey

contribute to the
efficiency as Follows

( gettiing 7one)

Dt >

D+ . {

bY - Actual Flow thvough period
Dt -> Theotetically required Detentlon Time

Displacement Efficiency,

Nda= Dt w0
Dt
i N, 2 100/,

for no Short circuiting

UiC Mg > 1007 i provided volume i larger tha
4 ' £

become stagnant & donet
Diacharge. 1% 15 measuved by displacement

r
> l | NH Vi .
i Ii
1 :® moving ¥- -7
[ : -
poo SEagnant .- 1.1 0 |
|

n actually vequired

https://civinnovate.com/civil-engineering-notes/
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I COAC Ly .\
'~ JAGULATION ALIDED -SEDIMENTATION

;a Suspeﬂded Solid of Fine nature (tolloidal Solids”) -cannot

- Setlle down duving Plain Sedementation process with
| O""diﬁow Detention Time.

°SUch particles can however be rtemoved very easily by ineveasing
their sizes ¥ converting them ‘into flocculated masses.

Coaqulation Aided

Coaquiaﬁon

Sedimentaton Oceurs N 3 Stages.

1 F[oacu!atitﬂ & HSEdeenthc'!on]

¥

Addition of
Coaqulants

—
Slow[ Gentle Mixing

)

Fast / Rapid Mixing

l |
Types of
Coagulamnts

NOTE :(In modexn W.T. P the ombination of  ccagulation &
NO'E

l

Dosage of ‘coagulants

Floceulation 15 desighated by single tevrm 1€ FloceulaHon

@ Now a days, & untt s developed 10 which all the '3 Stages can

sceur. 160 called as  Claviflocculator.

https://civinnovate.com/civil-engineering-notes/
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v % COAGULATION

b= = ‘ ‘
>« Coaqulation is a process in which certain. chemicals called o |

d Coaqulants ave added in watey, to ensure the agglomavation |

d of suspended solids present in water.

. The suspended Solids in water vary considerably N souvce, |
Size . composition, charge , shape & Density. - |

pended solids in water ave negativly charged |
%y thus they tend tfo repul eachother when they |

D

5 Most of the sus
> (clay, Silt ete)
y come close together. o 1
» A (oaqulant must possess the following properties ;

® 4 1t must be non toxic. | | . o
g 2% 1t must not get dissolved & produce Stickly &.pomus ppt.
?

» 43} It 3should be able T0 induce positive charges in water +o
> neutralized the negative chavges OVEr vavious suspended solid, |
] , ;
>»The commonly used coaqulants are
D Alum

D Copperas

Y. Chiorinated Copperas

P Sodium Aluminate

>
5 As soon as the coagulant 15 added, high energy in the form of

y Rapid mising 16 provided to disperse the coagulant uniformly

> N water.

> NOTE : Due to Sticky suvface of coaquldnt ppt- they: can alse trap

) Tnico -organism  thereby Teducing the quantity of disinfectant
» Tequired.
)
)
)

https://civinnovate.com/civil-engineering-notes/
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3 ™ sent In
Ay when added in water Teocts with Alkalinity Pfe
Warter,

L]

- Alum 4?0'?0"'9 stickly  Gelatinousypet. of Aluminiom Hyd
wh‘c’h s i pHmately Tesponsible for coagufqﬁor"

soxide

& general Alym nduces pe,'fmaneﬂ'f Hardness In water.

* In deneval Alum induces ,qmdfly in watey. This s due fo The
Texdize oF (p» w Telease of (0a which Subseq,uerﬁiq.{mm aL .
Weak acid 1.e Ha(0s Which reduces the pH of water slightly

* The usual dosage of Alum in India is & 10 -30 MIL.

* Alum works in & pH mange of 65 to &5 ¥thus, it become

suitable for Drinking Water Treatment -
* Since Alumn veacte with Alkalinity, lime
Yo arfifically induce atkalinity in watey

water 15 less. -

& o7 Soda can be uged
1§ the alkalinity In

NOTE : Lime or Soda tre usually use because they ave cheap,
Non Toxic % their permissible limit in Human body is High

. Alum with lime induces pevmanent H

acldity,
+ Alum with soeda induces Acidity bu

Haydness ,

+ doesnot }hduc,e permanent

Reaction of Alum

e
" il

! (SOJ);IGMO +  Alkali
" (C'H COa ) H[C’a) (5’r’ic.kg qgel, pp’r)

calon), —— 2AL(0H) 4 + 3(as0s t 18H0
A1(504)5 18Ha0 4 3 al e i

avdneas but doesnat lnduce

nﬂhﬂﬂf*ﬁ.ﬁﬂ L1 £ € DODOODOLDLDDOLODR

N I

ne Species —— Al(OHs) ¥ + o’rhe'rpwoducl

) E

a

P 1a(504)3 18HD ¥ 3Na,0s — 2A1(0H) 4 + 3Na 304 + 3¢0, 1’]5H=o

Ac\di ﬁg

https://civinnovate.com/civil-engineering-notes/



1 P e R e -
Mz(%m’)g,lamo 4 ?,ca(Hw:,“)n _ ZAICDH')E_J- + PBCasc», i 5(
Ef:mdntﬁs ld“’i

+ 18H0 F

T

666 q of alum ryeacts with 46_[3:; of Ca(HC0s)a to produce 1559 |
of A1 (OH)a ppt. g | |
:.-5 6G8g OF alum 7veacts with 486 x 50g = 3009 of CaCOs atk, to

. 8\g
:ﬁ produce 1569 of AL(OH)s ppt.

1171117

iq of alum Teacts with 0.45g oF Cal0s alk.ltoipwoduce 0-134|
of A (OH)s ppt.

|

Quant'ty of Sludge Produce

5 —

h -]
=
Bl
(g
-

fr2rr A7 7

Sludge
water 50lids
A1 (oH)s 85
® Solid Content of Sludge @ water Content of Sludge

Meludge

6.c= Meolids % 100
Msotid 4 Mwater |

= Msolids
LONES e 100 Eg. 4.c =3 ~> (00 Kg Sludge

M sludge =
3 kg solids a3 kq. wakr

https://civinnovate.com/civilrengineering-notes/
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Q i '
M Docage Of Coagu!qms ( Jar Testj

::ﬁe. dosaqe of a coaqulant can be convinently obtained
i the belp of Jar Tesh .

| This Test @ Jars ove taken as a Standard % processes of
Comqmd'ﬁm Floceulaton & Sednmm'ta:ﬁﬂn ave. & ermulmed n
ar Usually for about 20 mins .

T Graph is plotted ®/w Turbidity & Dosage and the dosage
COvresponding +0 minimum Turbidity is called ag optimum
dosage of coagulanits

NOTE | Betove (onducting Jar Test a small quantity of Lime is
acdded 1o ensure Sufficient Akalinity for reacton of Alum

13 ™9/} 16 Mgy '1d mafy
-\‘ ’Qb ; ¥ '.o QG'" * ﬁ}(:lj, , 'Ob; |
- PRt e 5 - | " L - L P i,
| o3 PPE )
o = syspended solids
2 26 ma/)
) )
: .GO.. 1 . o3
-]. 20'1in
D

I —> Fast Mixing —1'min
> Slow Mixing—> '4-5 m'in
— Sedimentation

=

https://civinnovate.com/civil-engineering-notes/
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i
1
|
1
l
1
l
1
1
2

v v v VvV W W WWVWVWWWWWw
'D._‘_‘__'—‘-—--_

Tmin [~ _.— = -—: ;
- > Dosage
lo 13 16 t i 22 5
Optimum range
)
y Fg.No. 103
) .51 .
’ — C i 55 =12 M9/j
e—
) @%
)
| - - W/ N
! | | [501ds | IWater |
3.C= 1% Wie=qq/-
Ge solids = 3.0/ 4
|
i i/
Al(OH); 54

(228.528 kayy) + (1080 Ka/3) = 1308.528 M8/

Total aquantity of 5.5 settled pev day |
= (3%-12) MI/ax 0.5% ©%a (0% 4/s x §6400 5/d

- JOSO,RQ/J I
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. ' l’ : L

£ Qlum  produtes 0.23g of Al (oH)s pot.

W ] ™ /) will pyoduce 0.23 , 23 Mg/
|
= .29 ‘mQ/_L of Al (DH)B Ppt:

T0+q1 qty. of Al(oH)s Stttled per day
- 5.29 M)y x 0.5 x 10° L/s x 86400
106 ™/ kg

s/4

= 228. 628 Ka/y

Total mass of solids Produced = 1308.528 k9/J

If'-:r 9 ™M Kg
s solide = Sohd s = solids - 1308 528 /d
K ' k8
Swater Vsolids % 1000 9/m? Vsolids * 10600 k9/m

USDI'I_dS = D+434q' mQ/A

MSU\'dE- is 1 Y. of +he Total mass

Mwater 1o 4qyv. of the Total Mmass
in | = : qq
Mwater produted in the sludge = 1308.528 ky/4 X ol
= 129544 kg/d

Vwater produced jn the Sludge = 124544 ka/d
1600 K3/m3

< 12a.544 ™/4

VS\udgE = VSD'lids + V‘wa'fe*r
= 129.93 = 130 ™/4

https://civinnovate.com/civil-engineering-notes/
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Pg. No. 103

Q. 5___Q> qQ < 40x10° 44, Alk.=5 ma/; as CaCOz ' ,l'
)«
Alum =)gmd ), I R
| k. of CalOs

ol

1g alum requites 0-459 A
co1g maly wil vequite 0.45 %18 = 8. mgfl as Calla

—

J

e @ 8.] =5 = 3-'.1‘09)'1

Alkakinity 1o be added exiveswelg -externally
. as Caco,

Qty. of Filter Alum (1007 Puve)
. 1g Ma/y x 40 x 10°1/d x 365 9Ny

-

0% ™9 /4on
=262.8 ton/y '
Ca0 + H.0 — CaloH)s
Quick lime Hydyated lime
3:) mg.ea/y Alk. = 31 ™3fL as Cacos
0 | mq- €a/y oF Ak.7Teq =31
¥ e S0

oF Ca0 is Tequired

s Cong® of

a0 required to be added in’ water =_§_'§ « 28

= 1,436 ™9/y of Cx0

gty. of Cal Teg. = [136 mafy x 40 x lo¢ M x 365 4y

109 ¥ifs ™Y/ ton

= 25.34 ton/y

https://civinnovate.com/civil-engineering-notes/




I¥ Cad 15 857 Pure

Qtl:}. 6fF Ca0 Teq = 2534 . 2q.8l fﬂh/y
0.85

2. Ca
" Phtrag

L]

COPPETM is Hydvated Ferrous Sulphate [FeSO4, 1120 ]

 Copperac alas veacts with alkalinity in water. The ARalin?y
i % \n torm of Lime. |

* Lopperas veacts only when  pH of water

* Usually Lime is added along with Copperas and:-

i5 greates than 4.

| CASET: When Lime is added first
i o~ | o N
' L mole of coppevas Onsumes 1.mole of lime. .

CASE T : When copperas i¢ added Fivst s RS ity gl &

1 mole of Copperas consumes 2 mole of Lime M ¥ETE )

» Coppevas produces Stickly  Gelatinous ppt. of Fevvic Hydvoxide

Fe COHI');I

"+ 1 tole of Copperas produces 1 mole of ppt.
. copperas induces veddish brown colour in watey which make

4 unsuitable for the treatment of Drinking water.
. Copperas induces permanent Havdness in water due fo e
producﬁon of Cad0a |

o s usua dosage ot su'rFac-,g u..:a*%é‘f is 10 .30 M/,
. The method of addiHon of Lime & Coppevas 15 veferred as

https://civinnovate.com/civil-engineering-notes/
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- 3. Chlorinated Coppevas

- | e
o ¢ It is formed by Chlovinating Coppevas at d high feMperatyy,

b which produce  FeCls 1 Fe (504);

* Feyvic Chlovide g etfectieat o pH of
5 Sulphate Is etfective at ph.greater than d,
®  Thus Ghlonna+ed C,oppems has widey working PH Tange than

° copperas. _ |
® « )t (annot be used for Drinking water.
9 .|} jnduces permdnent Hdvdness in water.

D .1t qlso reocts with lime ( Alkalinity)
v, I+ doesnot induce any colour 1n @ Acidic conduﬂon

3.6 - 6.6 & Ferric

»

9

4 Sodium Aluminate (N02A1;_04>

D -

ye It is formed a3 follows

> -Nazo + A1103 ——_“é____-} NGQA';OQ-
]

p° It veacts th ‘ww  Calsiumn or Magnesium presen+ in water &
» forms SHeky Gelatinous ams ppt: of emdaiton e KLBBELL,
)y Calcium Aluminate & Magnesium Aluminate

ye It doesnot Tequire alkalinity for its.reaction
y+ 1+ Tequires Hardness for its reaction. |
o [t5 manufactuve 1S costly.

) 1t has a wider working pH Range (4 to 1)
)i Sinee Havdness 15 Tequived in drinking wate?,
' for +yeatment of drinking water.

. 1’c can be used for industial water supplies

it cannot be used

Nagmzoa, + ' or Mg""+ ————> CaAkO4 or MgAI.04 + 9Na?
( Hardess) ( SHeky gel. ppt.)

https://civinnovate.com/civil-engineering-notes/
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°
é\"\lmﬂ‘mium Salt Tron ‘Salt’
W |
> Costier s
N > Cheaper
\ : ‘
7¢S ave lighter 2 Flocs ave heaviey

3 R

4 -
> WOTkiﬂg PH Range coincides L|> WOTR“WQ PH Fanqge don't C;Oi,ﬁddf

With pH of Drinking watey . with pH of Drinking water.
® Lesser Working PH Range £ Wider - working pH Range
G> Deteriovate Rate 15 less _ 65 Dete“r;i.:sm’re'ﬁa*e i High.
-—'—.__________h___ ™ :

X FAST MixING /RAPID MIXING

* N order to disperse the COGQUIGY)"F Uﬂf*F[)'rmw & "rD PTEVGM +he
localization of concentration of coagutant, fast mixing is
nduced .

+ Fast Mixing is induced bq Mechanical or Flash mixers in which

paddles ave insfalled on vertical Shaft, which votate at a high

speed theveby generating huge turbulence. |

+ The distuybance \n water 15 generated by the drag Force impq'r-}-ed
by the surace aven of the paddle. -

« Thus, the Power Tequired fo yotate the shatt s agams+ the work

done by the dvaq on the paddfe

# Mixing Theory

. Proper mixing 5 sald 0. take piqce Whﬁ“ 10"‘96 No. of corﬁacﬁ |
oppoﬁum’rg ave provided 1n the system.

. & Tntensity of mixing s denoted by pavameter called as -
fernpoval mnean veloeity qradient dencted by G

https://civinnovate.com/civil-engineering-notes/
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« As Infensity of mixing increases, value of 6 Yncreqses

2

A
G= AV . |[v-V
ot

NOTE -
How much time it will require for one collision !

X

- EE =

—y
o Vel

. . o gt
How many collision will occur  per anit time !

hG:.—’-a‘-"_,__- S-i‘

JThe value of G 15 a flash mixer jo maintained by providing
suificient power to the Shaft which Just ensuves proper mixing.

+ g The intensity of mixing howevey depends on
@ Power given fo the shaft
@ Viscosity of water

Volume of Tank

The velation b/w G, P, H& V can be obtained as follows

G = PMPVE
(1] = [meT]® [mur (]

&Fj:”_

MV

https://civinnovate.com/civil-engineering-notes/
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-
1
S -~ |

Paddles / blades/ i mpeller
(hard xubber )

i

@ 6 = 300- q00 5"

@ Di = 20-60s

20ne of Stagnation

./

> nsert
> 1ess abvasion

—> Cheap
= Light

https://civinnovate.com/civil-engineering-notes/
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L T
g ord 0

Design steps

Given @ ¥ M

'EEEER .

~ ‘> Assume  Di

* D find V=QD:
=5

ﬂ3> Afrsume ._H_ OR H

= B

3

B

D

WD Find B & B or D

=5
» 5 Assume &

™6 Find  P=xVE

Pg. No. 97

H = Ugw =‘0'é

P=HVG*

A B A A R EERE R EREEERERRLAERAEAYR

=101 x10¢ M5 (at 25°)
~ Sw = 1000 K3/m3

M=8wxV
=101 A 1073 N-5/m2

9.8 8w =-1000 k/m3, V=10 ™/, §= 28800 my, G=900 s,

D'I:SQITI'IH, P:‘?

= (1076 ™% x 1000 K9/im3) X [:aseoo R ]-ws}  (a00* %)

86400 S

= 32400 KO-M . m
' -

53
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mi,:? s o PTOCESS
"Mate gontact with each other so as o PTOMO
gglOmQTO%roh

|
!

'n which ¢oagulent particles {]Te brought 1N
te their

This Yesults \n increased sizes thereby increasing the 61“”‘3‘@“@’
Sedimentation.

, i Ovder +o increase Opportunities of confact, Slow & gentle
Mixing 1s induced In water.

" Floceulation s conducted N Flocwlation chamber M*t@:i Wﬁh
Paddles on wall mounted shafts .

NOTE s The wall mounted shafts have lessey maintenance Cost due
to lessey deflections.

Design of Floceulation Chamber

B _|—>g
Podale Shatt [
@ 1_‘3] J ESOE . % H
= B ¥ A . m—
L_'l 0§ s L =
N L | .
= | L : i
| ; Longitudinal szedHon' ¥ | :
\ P ——
NEE N E =N EN .
NN R R R R |
s | R—R N— =y Qi_ ENE R
N NN EEENEN . \ |
SN RHER REAEY | 8
hitps://Civinnovate.comytiviFengineering-Aotes, CL L
Tnp View e

e
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—

]

Rubber \\
AN

|
|

tod

" Powev vequived 10 totate each shaft

_ ) el ® Yelative velocity bjw paddle X water
P=Fp % Vy pa

| R T ; :

v

Area Force

' 3
P=1 CoSw Ap\y

I 5
¢p= |8 ( For qudle.sj |
Ap = Surface area of paddles in contact with wm‘er

In this case
p‘P = A% B;?‘i £}
1¢ 4 paddles are installed

Ap= 4 xB'x B

In General:-
Ea

v, > Avg. velocity of the paddle

i'_; - W

https://civinnovate.com/civil-engineering-notes/
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X \
Perim entally,

L
.ﬁ:} = | \-}* e
— _4- " i'_"‘

Vy o
T %= 0»45\'3_; e,
o c -3 C‘
'-F= T;.' Co Sw Ap [Q-?EVP) &
= etricall <
3> 2oy 4 1 - cap&e gw Paddles can be ¢ o SYmmer HC
Paced on gach Shaft -
?} The depth of Tank 1s around 3 to 4.5m @
4> The Detention Time 1s bet" 10 to 36min :
f’> The Temporal Me,dn velpeity Gradient "G |5 kept between -
10 - #5 g ™
: C
NOTE ¢ 1# 'G' value i5 very 1ess, it may lead fo settlement of Flocs . ;
I# *G' value is very high, it may lead to disintegration of flocs. (
- | | | (
@‘5_5> (

[ Power consumption

P-= "E Co Sw Ap (0-"!5%)3

[A}; 2% N = AR Q'E‘ = O-Qﬁl? Tﬂd/g
60 60

e 3
- 1418 % 1000 ko x(2x 12x0.3)m (0:45x 0.261%1:8 M)
2 m2

P = QBGO?‘ w

https://civinnovate.com/civil-engineering-notes/



Totql Powev vequived = 4 x 286.0% - 144,28 W

.D't -'7.3_ = (4’.5'7( 305(11.)1“5,( 60 » A4 m‘!n/d
8 15 % 107 ™%
= 31,1 min
G=]p = \144.28 W
A 13| x o2 (’!_*é)::(«}-s %30 %12) m?3
m?
G = 23.22 &'

Type of Flo¢ Formed
_ The various types of flocs which can be formed avwe

. Small & Light
Small & Heavy
Large & Light
Large X Heavy &~

® .The decivable type of #locs are lavge & Heavy & to ensuve the
® formaton of Such Hocs 6 & Dy should be kept in vange as per
D Design date

D.(n tlocculat" we define a teym called as ¢oage conjugation
® opportunity which signities total No.of Opportunity of contact

D In the Tank
P Comin = 105" x 10 minx 60 5/min = 6000

D OWVWwOEOOUOUVUE OO OOTOTOITETEOoTEPTEO

B

G =10 -155"
D¢ = 10- 30 @0

P Comax = 355" x 30 min* 60 */min = ,35,000
' .
d G — No, of Collision occuTing pey unit time
b ‘ :
; G xDi T Totd No. of Collision ocel¥ing In Fant
= Conjug aton 0 pportu Nty
) GMP Dullh | Gl DM
) ) 24-!1 50000-’-
; https://civinnovate.com civilering—notes/ Flocs Float




N

i - M N LR o DS
F * S a/11/1
Bl .
5 [ered Floceulation
i .

€ Conventiona! flocculation process: each $haft s A
while in Tapered flocculation process, the RORET

|  shatt {o varied along the length of the Tanz s
€ve *ﬁ't highest power is given to inet shatt &

| SUbsequen-w veduce 10 othey Shatt -

*This Type of floceulation ensures the heaviest possible & the

| laﬂ'"gﬁs’r possible {locs.
VA Per  GOT  manual.

is given equal

Ginlet shabt 2
Goytlet Shaft

MOTET@]’F G 15 VETY htqgh B D+ 15 very less, the lPQT“HC;IE‘-:- will
TeMain small but they can be ompavetivly higher .because the
Small  colloids can penetyate the posous structuve of the precipitate

D 6 i very less & Dy s veryd high, the flocs become
Compavativly larger but since the colloidal 4 impuxities cannot
penetrate the porous structuve of precipitate they tend 10 Temain

lighter.

P|7P2->' Pa

-
&Y 8

|
| . | ;
|
|
I
|
Il

w2
oeB |

Denest
Posaibie

https://civinnovate.com/civil-engineering-notes/
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¥ Mechanism of Coagulation & Floceulation

4

> Lonic layer Compzession
B 3 hus fney tend fo Tepal eachofher when they come ciose

B together. |
B ° This pavticle also have an attractive  force b/w them which |

B lled g¢ Vander waa‘-‘s Force

® - When o coagulant like Alum i¢ added, it d
B positive chavges in water a5 follows.

v
S
S
9

issociates & prodye

Al (504)3 18 H20

/ 0\ |
= Aaqua Metallic ion
. 34 2 q
2 Al 3504 g

g )
A3 4 OH —— im(oH)’f :

A CORY + OH ——— Al (o) )

— -

ArloH)} tOHT ——— Al (oH)s ¥

» With infroduction of such positive chatge In abundance , the

repalsive electrostatic Force OF Jeta potentlal decreases &
Vander watdl 7., Forges be piedominant-

. This teducs the lonic layey ¥ partele (. can t..': coaelest

el S ¥ > :
I i
f \ )
PR SO I -
f P _j+}; +[ __h_.,:H J
\ TR T SRR RO 4 r' J
I + y
y 4 o p ,jb 2 .
N | b _ -
Wy Rl e ‘Ion‘n:lti\fcrr e _— "
EsF> VF

https://civinnovate.com/civil-engineering-notes/
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o 4 t o+ P

-— R B R e P i

5 ® S EE % '-r":]
‘ || S
y == KE. + %+
—!

Ianic layer
ESF < VF

3> P’dSG“rpﬂon & Charge Neutralization
--_-‘-F—__

)h +he F\DGCUIOHGD Ghﬂm.bﬂT, 'ﬁ'he SU.SPﬂ'ndEd QDI}dS QE{.‘& Gdftﬂ'fpﬁ
Ver the SHeky Surface OF the precipitafe & simultaneous chavge
NeUtralizaton of attached Suspended happen.

This s combinely veterred das ﬂdSGTPHOﬂB’ Chavge nedtralization

3)> Sweep Coagulation

I the  $locculation chombes, fhe flocs grow bigges & bigger
eVeﬂTuqu forming on gasily setitleable mass this is referred

A sweep (oagulaton .

£ Intey particle bridging

Their ave certain compound Of Polymeric matdure which ave also
capable of Sticking on fo surface of suspended golid there by

forming an inrer connected large size easily Settleable floc,

Such  Polymers ave not used in the “r"recﬁmeﬁ*f of _dr‘mking water,
howevey they can be used for the +regtment of induystrial
vater as they ove Cheap & wn be easily manufactured .

https://civinnovate.com/civiI—éngineering—notes/

LN ELEEEELLLLEELL N

LA

i P L



Conditions foy (oagulation & Flocculation

%

§d

> High Alkalinity High Turbidity

’
CUGQUMH‘T react” v @e — Best mnd}‘HOﬂ
Sweep (0ag v (S0

pH veduction takes plac

2> High Alkalinity Low Tuybidity

—

coqulant rveact’ v

GO, .
Flocs ave smaller
T e

3 @

pH rveduction takes place

> low Alkalinity High Turbidity -
@ @ @ oagulant veacton (4 )
® &
& 6

£ Low Alkalinity Low Tyrbidity .. T

toaqulant Teaction ()

@ @ - Worst condit on
& 0

s bbb LELLVELOTUVE T2 T280007

6
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< Fig

IR

POrous medium . -
'FI'“ETGHOn by emPTO‘JGd to Yemove Turhidity , colou?, precipitate iron
Maqnese from Aerated water, Precipitated hardness from
C,hemica![g dotten water etc. o
*Filtyation i conducted in Filtex which are broadly classified im0
Gravity & Pressure Filter,

Gravity Fitter

- In 4hie Filters, the driving force to ovevcome the Trid—mnm Teslstance
eneuntered by the flowing wate¥ & fhe Gravitational T'ar‘oe.
-Eg. Slow Sand Filter, Rapid sand Filter, Dual Mediame ¥ Muthmedia

Filter, Double Filter efc.

Pressuze Filter

n this Fier, the. driving Force to overcome the fricHona) TeLstance

‘o the externally applied pressute. It 1s not used for commereial
puTpPoses. o 1 1 ‘

For Commercial or mass Fitreration, Gravity Fitters are used.

The, most commonly used Gravity Fitters ave Slow Sand & Rapld 3and
Filters. Both these Fitters ave down flow, Single medium Granular
Gyavity Filter,

Gand 15 genevally used as medium because F is widely
available, cheap & effective in vemoving impuritits. However
cand s e&e being Teplaced now adays by other materials such as
crushed  cotonut shetl , achvated Carbon, Garnet , GeosyntheHe
material like HDPE efe.

https://civinnovate.com/civil-engineering-notes/
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b o ¢ Among Slow Sand & Rapld Sand Fitters , Rapicd Sand File,.,
N ave most commonly used in India.
d

® X Theowy of Filteration

. . 1 *
y > Mechanical stiaining

p * 1he suspended particles W

» Vvoid get arrested in these Joids.
p ' The wates passing fhese volds becomes free from Such partice

p ¢ Over o peviod oF +ime, a Filtex is able 10 Temove the
» impurifies of elzes even lesser fhan the size of woids of +he i

> This i called as Mechanical Straining.

R
R

A

hich are bigger than the sizeof the

)
) 2> Sedimentation

Y« The gmall voide between the filter media aet ag tiny

' sedimentation units & very small impurites get settled over the
" medium Sutface.

"+ Impurities get deposited over the suvface ¥ the whole medig

" Meeds to be veplaced after certain Time,

Impurities

https://civinnovate.com/civil-engineering-notes/ j
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:Thw Metabolism

: vy v

Ot 0% the impyyities that enter the Piter ave of organic DAtUE.

The
e OMganism onvert the organic Matrer into decomposed form

the pyocess of Biological Metabolism.
As the Time progvesses O layes ic formed at the top of the

medium consisting of decompose organi¢ mattes & large quan'h“fy

oF micro ovganism. This 1ayer IS called a8 SCHMUBTZDECKE or

™Mmud layer.

NOTE -

Sand Filer.
9y

01q Py inorg |

SCHMUDTZDECKE js predominant feqtute obsewed in a Slow

SCHMUDTLDECKE
J \
Dirdy layeY

Slow Sand Filter

Rapid 5and Fil!:E!T___

g Q |

YR

less size of media.

P s 77‘,7"“
COOOCOOO000000
AN

ny Surface cleaning

F cleaning > 1- 3
5 Freguency o LIRANIRG> 1= s

G> I’L ! https://civinnovate.com

> 6

> (OCoe00e)

\arqer size of medid.

3 y 7
? 367666

Tmpurity

/0’0006

4> Full depth j¢ cleaned.
5> Frequency @ 24 hy,

o n

civil-engineering-notes/
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N 5lowW SAND FILTER

S}
» (Operation e sand a3 the Filtexing Media. The

B This Filters consiste of F e e
® Filtvadon mostly takes place at or Med e e
®.The watey percolating thyough sand b:e.d en i

layer ¥ s then collected by undey dvainage 3
nrey devive - their intluent from Plain
TUTbid'i’ry i¢e less than equal to

oEyp Slow sand F
Sedimentation only & when
20 NTU [ T £ 20 NTU],

. Watey from coaguloﬂon Alde
slow Sand Filter because fhe coagu lant
inhibits the growth of TiCYO-0vganisms . .
. Due to Telatively small Size sand '_piarHG'IEs, Tﬁfhus e

: impuri’rie‘s qre TTQPPed at the top porton only &

s tleaning is sutticient

d Sedimentation cannot be used in
being Stickly

eeC OGO OOFCE

® |Cleaning | 3
®. Duving Cleaning, schmudtzdecke along with Top 15 to 3¢m of

D cand layer s vemoved & Yemaining cutface 1& manually’
2 hecked for leftrover impurities.,
® . gcHMUDTZDECKE 7yedevelops N 2 10 3 days &

® be veady for opevation. i
>, Always 1 unit 5 kepto be kept 08 Stand by which

® sed when the other Fitter is getting cleaned.

Eilters jo said 1o

will be

https://civinnovate.com/civil-engineering-notes/
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R iy . . s T

01, Fat , Grease, Wax, Soqp ete.

M
& OVER Flow- Gg < | [SE.UH}
o Wakerlevel ...

Sty

|ﬂ% )

Duﬁng Filtvatieo

INFLUENT SRR

[T <20 NTU] SCHMUDTZ- DECKE

%ﬂsfzh’_rr LT 77 PP 7Pl 777
O i T
.. GAND - e oy R )
(Finey ™ % .

E?C%OFO 6 6600 00
(well Graded) OO
002 Q mirad Pare

00 0 000000
1}

", Variable @

arl a

"

=

Temporary
5torage
Tank

/

LEEEELLLLLEAA

J

Undesd yainage Systern
- SlOW SAND TFILTER

L

Design Dato

> Designed for maximum Daily Pemand

2> Rate of Filtration ,

Fr = 100-200 L/h/m2|

: i
Discharge passing thvough the Filer
Sutface Areo 0F the Fjjer

Fr =

3> Depth of the Filier Tank = 2.5 - 4.5m

4y Sand Depth * dm

https://civinnovate.com/civil-engineering-notes/
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&d

5y Sand Ghara cteristics

Diw = 0-2-03mm

)
<3 Cu # 3-5
'~ (e 21=3
) E} Always one unit is to be Rept as Standy.
: # No. of UNits vequited depends upon 10 Total SUTface Area
"~ yequired.
S A ‘
i suvtace Avea Requhred work3ng gang Stand by Tota!
ol 2 | l 2
) ess than 20m
® 20 - 250m> 2 | 3
_~ 250 - 650-‘“2 ! I 4
» | 2
3 > 1200 m? o SR | 6
9
@ & L -1 to4
- B
2
® 4% Freeboard = 0:3m
i -
D Pg.No. 103 (wWB)
54
» O% Population = 40000
’ q = 150 L/e)d
J
’ Design Demand = 150 Lfe/g x 40000 ¢ x I.8
g = 0.8 x10° /)
)
’ “Assume Fr = 180 Lo/ we

)

' https://civinnovate.com/civil-engineering-notes/
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50 A7y 2= 108 x10% 4/ :

y

Total $.A Tequired a4 h/d

Total 5.A rvequired = 3000 m*

Sy
Yace Areq of each unit = 3000 - 600 m?
5

Provide 5 working + 1 Standby of 600 m* each

Assyme 24

L
B
L= 4B
4 B*= 600m>

B = 12.25m
L =48 =4dm

Assume , H = 3m {in which sand depth ¥ Im %
Free Board = 0-3m§

RAPID SAND FILTER
e e

* Their are 2 aqspects of opevation of oL Rapid Sand Filter’-
Filtkevation ¥ Back washing

Filteration

-WDU'ﬁﬂq Filtration valve No. 4 % 4 are opened from where
dettled water is fed into the Filtey fhrough valve No. 4 &

Filtered water is collected thvough Valve No.4.

» The size oF the medium partcles used in a Rapid Sard
Filter i bigger than that 0% Slow Sand Filter, Thys
inpurities are able to penetrate upto the bottom most layere

https://civinnovate.com/civil-engineering-notes/
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W of medium. | O
W Hence Surface (leaning is not sufficient % is accompained by,

¥ Back washing.

&

® Back Washing

* Duving Back washing, valve No. 1 & 4 are closed and valve Ny,
2,5 & 6 are opened as a Fesult of which, compressed air
watey ave forced imto fhe medium resulting n

eeoeéd

& Back wash
inerease povosity of the medium .

» As the povosity increases, the entrapped impurities get 3
o Temoved in the back wash water.
® * Onee this  process 1o complete » Valve r{o. 2,5 ™6 are closed &
= the Fildey is again loaded with settled watey. Howeve*:r-l‘r‘or a
® small duraton valve No. 4 e kept Close & Filter water 15

® disposed into the sewey through Valve No- 3.

D . This is done for the Teadjustment oF sand particle under the
» Hydraulic Head of water.

. The entive Process oF Back washing is complete

< atound 30 min. |
= . GUHMUDTIDECKE does not get formed as the cleaning 16 done

guite Frequently.

&

&

@voue in ]

LU U

T3 T

2 @esign Data
@ ) 14 s design for maximum daily demand + Back

R of watey Tegquited for Batkwashing is avound 357

2> The guantity :
o ">0;: the water passed thyough the Filter each day.

water Demdncl. l:

2

2 3> Frequency of
—:H' should asst exceed 48 Hrs.

Back washing js preferrably 24 Hrs. & in NO A€

https://civinnovate.com/civil-engineering-notes/
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A
The Rate of Fittration (r) 1s beiween 3000 to 6000 Zhjmz €

Nore .
Frrsp = 30 X Fragse

£ The Time vequired for Back washing 16 avound 20 L

6 N 2
‘> HTEQ of each unit 18 16-80m
i> Atleast 1 unit 15 to kept as Standby unit .

'8-> Lot tsa

B

D The dischasge duving back washing 1 6 to 16 times fhe
dischavge during Filteration.

16y The velocity of water during Back Washing (vptiow Velocity)

Vg =16 - 40 -c’m/m'm

NOTE : 1f velocity exceeds this limit Sand gefs lost from the

——

system, IF Vg is very less, the povosity of sand bed doesnot get
Increased. |

n} The Chamcteristic #mae dms of flow duving Filtration i laminar
%, that dufing Back Washing is Transiton

NOTE ! Extess Turbulence in the gystem, causes displacement of

pm——

(stave! Particles

:}7 Land Characteristics

Dr0=0135 to 0.55 mm -

- AN DNDD D DO DD D0 D D DD DD

Cu: I!Q to |'G
C.C. = l {?D -3
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._* Noit - Comparcnwly, the %and of d@&xw R5F is Poor!g graded
’rhan the. sand of SSF. This ensures higher discharge Ppassing
capacity d the impurities Ppenefrate ’rhmughou*r the depth

* oF Filter.

13y The Top of the wash watev trough  should be kept atleqss
at the Distance of (D/2) from the top of Normal Sand Suv fqee

i

X

éqnd suvface

EXEXERRRE

m
>
0
(Y
=
i
O
=3
o
—h
—ﬂ
e,
(qv]
2
=
=
)
{ s
2L
s |
[faY
[ u)
.
o
=
s
(&)
I
=
3
o

(A

@ °During Back washing, the depth of the filter medium increases
o thereby increaging the porosity of the medium,

2+ 1+ the impurities ave neglected, the 038 1N head during Pil+exation
D % equal to 1oss in head during Backwashing . This is due to equadl

@D syrface grea OF sand particlesy in both the cases .
Back washing

RS S S S

Fiitration

IRIE IR IR
/

BN A

TF  impurities arve not considered :

hl;“.}m{-fon = hL batkwashing
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h

LPleﬁﬂn - (|~n)[65“\)n
me.h‘wash'mg = (|“ nJ)(GS-Dn'

G-n) Cos-DD= (1-n) (Gs-D P
.~ (1-n)D = ("n')ﬂ

G nded Bed
(?.__Q;_E___Manum Formula for porosity of exEG

Vg = Back waﬁhiﬂ@/Upﬂow velocity
Vs = Settling velocity of sand poT*}iples
D' K Vg

P o |
Vs

LR S
G

n'
d

vﬁ—\/igd CGQ'I)
3 &

;_,_ e it

Gp = By Hazepn's law
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Q.55>  Population= 235000
q = 200 it /e/d
Fx =I5 ms/m“/h

30 min

Backwash period

Backwash Freq. = 24 hr.

W

Surface Area of each Filter = 40 m?

Maximum Daijly Demand = 1-8 # 2,95 000 x 200 4 /4
= 49 %10° 1/
=qq MLD

Design Dischavge Through the Filter = 49 © . |04.21 MLD

0.95
104.2] MLD

™\ .
A\
l/ I% 57 5.2|MI:P

k /7
104-2)
=> 108,21 - 5.2 = 4qMLP

_ 10421 x10° d
Syyface drea tequired

Fy = 15 ™/m? [y

104,21 %10°
16 % 103 l/ma./h p 23.5 h/d

i

auyface area T%U“Ed

295.63 ™M?

i

i 2
No. of Tilters Tequired = 295.63 ™
40 m?

- 339 ¢ 8units 1 3tand by

Lo Total 4 unitfs
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D=0.6m

- i .
h:o-,g n %

T es are meglected ]
hLF“’r = D1 pgekwashing Lif impurit) q

(t-p)p = (1-n)D’
(1-0.5)%0:6 = (1-Nn")0:66
= ().545
hLBuE‘,k = CG’S"-)(J"D')DF
:[3,5_|3(|~o.545)o.66
= 0.455m
Cp = 902 _
J = 1,036 2107 m™/g , Ge=25, d=0.6mm
it _@T'”'
Vs
BE o :
Ve = Vs x T‘l* /0-22 \/ g—qd [Ggrl)
- 18.4 ¢ /mm
j%xq 8% 0.6x10" (3-5- 1)
5.02
= 0.0484 T‘ﬂ/s

= 240, 4 ’:’m/m'm
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% Operational Troubles jn RSF
1> Bumping of Filtes Med o

T+ is due 4o caveless OpeY S
Back wash @ water. The Intensity of Back Wa

Gradually incvease o Its maximum value.

ation & sudden discharge of the
h watey mMust be

-='!_> Sand Boils

Thegse ave caused when d
Back wWash water enters the sand layer tyom Grave! laye
due 1o poor distribution of wash water which decreases The

isproportiopate discharges of
1. Thisig

efficiency of Back Washing.

3> Defective Gauges

Theiv ave a types of Gauges:- TFlow Gauges % Pressure Gauges,

These %Tequgnﬂg qo out of service & Hence necessary Tepairs

ave to be tade at vegular intevvals.

A A RN NN NN NENANNEEEI]

® 4> piv Binding |
» .
» The initial loss of Head through a Freshly cleaned Fitter 14

in the tange of 15 to 30 c¢m. which goes on Jncreasing s

Hes ave tvapped in the voids of the
when

2
» moie and worve IMpu’)
> Tedjum. A Stage comes during operation of the Filtey ‘
> Head loss experience by water is so high that 1t sfart veleasing
» the dissolved gases. This is duedo excess Head loss which

» signiticantly Teduces the Pressure Head. Bubbles of these

D
)
)
)
)

goses rvise & a large quantity gets trapped N the system.

This phenomenon 18 called AW Binding.
1t veduces the Volume avallable @mem = for discharge &

https://civinnovate.com/civil-engineering-notes/
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S b
Wm‘rgpmem 0$ :'mPUTrP les, To Tﬁduae Air b:ﬂdmg backw
g must be done more frequertly & more ¢fficiently .

Ihadequme depth of medium

g
the loss of 2and duving bacek washing  eventually [eading

1S Teduged quantity. Sand depth 15 nevey allowed fo be
dePleted by more than 10em.

1

5> Incrustation ovey medium Surface

This Problem arises when sand gets c,oaﬁ%d with mnatevial which
s ditficut 10 Temove duving vegulay Back washing . lts remedial
Measure is 4o add small quantity of NaOH into the Backwash

water. T the Inerustation still exist, the media Needs to be
changed completely. ; '

_-”f> Gracking of +he Filfer

'Ihis s due 1o excess turhulence caused over the tnedium |

Surface cqusing displacement ot Sand particles .
‘This reduces effective depth of Rilter,

3> Mud Ball Formation

Mud fom dhe atmospheve enters fhe filtey & Such material 14
dittiov)t o vemove during Back washing. |t gets coated over the
sand R GTG'JB'I pO"PHO\EE% ‘H‘!E‘Tebg ‘Formmg mud bdlls.

4e yemedlal measuve 5 o add a small guantity 6f NaOH in

Back wash water along wih dischange of compressed Alr.

https://civinnovate.com/civil-engineering-notes/



@ ﬂime-ﬁroﬁ*rh over Filtey . |
S\ime js Gopey ViSCOUS TNASS such as oil, Fat etc. wWhich may gey

Coated ovey the Filtey medium:. This veduces the effictency of
entrapped impurities. A amall guantity of Nacl is added In

Packwash watey fo remove Sué

h material,

-

DouUBLE FILTER
W

+Tn +his system, R:S.F is used before 5.5.F which provides a
=9 sufficient Dischavge dmer passing capacity Capacity as well qs

e High effeciency-
«The Slow sand Filker does not gef choked as Rapid sand Filter

LELETITT 8

removes all the Impurities.

NOTE * The Rapid Sand Filter ysed in this System is also called as

tp—

oughning Filter.

DUAL MEDIA & MULTL MEDIA FILTER
W

EANNEEN

when 2 or move than 2 medium particles ave used in the
> Filter 1+ 1s vetevved 0s dual media or Muld media Filter vese.

L

@ O To effectively utilize medium pavticles, the coarser material is
@ kept above the Finer material. g pofd _

@@ To avold the ¢musing cyushing of bottom most amaterii@pkern
D wder @ material , lighter material 15 placed over heavier material

L .
il
. Sand -» Gs =2.65 000 00 6 5%

opo ’looo h
@ Anthracite > Gs = 1.2 ANTH O O%OO /
2 Goarnet > Gs =42 5AND  |0DOO0OD 003092
¢ ppos o, | 2 OIO 00 6s i
’ G’ARNET ﬂnn::nu . 00000 \l

V

2
4 GRAVEL
2 https://civimmevate-eemicivil-engineering-notes/ |
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MM ¥ ]tfnm > frm > J[rsﬂ
Tin

) =

MME o~ :{'—,DMF = 8000 - 10000 *l/h/-m'l

_-3: Chlmiﬂation ¢ /}IMP -‘FOT GATE
Chilavine & commertially adopted because :

> 1t Is easy 40 manulactured in varlous form such as <olid,
liquid ¥ Gas out of which mwid form is mostly Used,

> Chlorine ditectly geacts with water & thus it doesnot change
chemical charaoteristic of water.
- 3y Its gfovage i convinent bjw 10 -43°C

1

* Chlovine when added in water Teacts immediately as follows

>5
Gl + Ha0 -——Pﬂ-———_‘“—’ Hocl + HC)

Hypochlorous ( stvong acid)
- Acid
(weak acid)

s The Syong acid Hel produce & then dissociates as follows

Hel —— WY 4 (¢
(¢hlovide ion)
( not Tesponsible for disinfecton )

« Hoctl +hen dissociates & 1t is In equillibrium with 0cL- g6
follows
pH?@

HOCL —=———= Bt ¢§|?

pH= 5t0%

https://civinnovate.com/civil-engineering-notes/
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l.. v C\,, HOQ ¥ DEr-; dll these torms ayee capable of .
r Carrying out Disinfection & are called as free forms of Chlonjpe
Oy freely avairlable Chlorine.

CASE 1 PH ¢ 5 — only Gl is present

CASET : pH= & 03 —>  HOCL 14t
0ct™ bbb

LASE I PR >8 S ogeu- #1144
" OHOCA Jldd

(ASETL: pH = F to8 — (Ocl™ & HOGk, both are appreciable in
—— quantities

» D7inking water has a pH vange of 66 to 8.5 & thus, Hocl s
present in  predomingnee in dvinking watey (between 65 1o 1)
« QUF 0F HOG) X 0cCIm, Hocl is more distructive to microorganism ¥

thus pH of water is maintained between 6.5 to # duving

Disinfection,
. Hocl i 80 times move reastive than 0c\” with microorganism

Hknoer ¢ 80% Koer-

Reaction of Chlovine with Ammonia

« HOC! Yeacts with wicroorganism instantly & Hence it 15
considered as powerful disinfectant. However, wheh left as
residue to ¢ofequard against futuve contamination both Hocl &
0C1” pioduce high bitter Taste.

. A5 pet G:0.1 manual, Chlorine Tesidual in free form should

W VLUTLUUTVVTIVIITTT17T777777

not exceed 0.2 MI[y
, However this vesidual 15 insufticient fo sateguavd against

https://civinnovate.com/civil-engineering-notes/
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!‘F : ey : . l ; I e, .
Uty S : - ‘
e contamination. Thus Chlovine is allowed 1o yeact with

Ay .
MONla \which form  Chlovoamines as follows.

H~15
NHy 4 0, =— N0 4 He

H=5%c %
Nl + el == NHCL + HE!

Dichigramine
pH < 4.4

NHGl, + Cla T— N¢(l3 t HO)

This Chlovoamines are 256 Hmes less veaetive than Hocl with
mimoorgamsm. However they do not cause any bad taste even if
e+t in high concentration as yesidual -

This Chlovoamines provide protection against Future contaminat),

This Chloroamine ate called as combined forms of Chlerine

Kuoat ¥ 25 x kChloroqm'mes

CHICK'S LAW

This disinfection with Chlsrine i observed to follow the
tollowing law :-

}N'I‘. = Ns e"“

No —> Initial @ty. of microorganism (at t=0")
Ny = No. 0f micvoorganism yemaining after fime 't'
K —> Treaction vate constant

For a Teﬂ,{li‘f&d degvee of killing of microorganism , find v’
Find Volume of Tank , V=8t

L. g to4

B
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oW W W VvV VvV v VV V VvV VvV WV VvV VvV VvV VvV W

H= 1.5 %o B
Freeboard = 0.3m

)
0'3“1 v
Y 4
—ie——= - T —_—
il =
—
Feeder
Unit of Chlorine
& anmonia—ﬁv

CHICK - WATSON MODEL

Efficiency of disinfection depends on

» Concentation of disinfectand (¢)
2y Time of contact (1)

n,d = {-‘CC, t)

For two systems with equal degree of disinfection :

}t,c,”' - Lo" [

N & Na — Solubility | Dilution coefficients

H/n/rq

Pg. No. 100

Q.29

HOGl — H* o0l

k= 25 x ‘0—8 mﬂ'/l_

o DTT00T . 2 4t

———

[noct]'
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(11 = mol /y

Qrsxlo"'g i {D-'l X OGI"

PE—

Ho1™

0CI™ = 0.25 x HoG!®

(Hoei] _ Hocl A T
[Hoc) +foer]  How £ oasno0) s e

P9.-No- 100 C wa)
Q. 30>
HOUl = Wt 4 oor-

kK=2.4x 108 mol/y . [W¥][ocr]

[Hout]
[oct=] + [Hoer] = x
OJdx 4+ O-q:t
=[]0
0.9

[H*] = g.43x107
oH= -logo (2.43x107)
= Q'G

Pg. No. 101 (w8)

033 ;
a4 OC!I™ + Ht ——= Hoc|

K= [01"5 N [HOC’IJ

[H¥] [ocr]
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pH = #5

ut = et Mel)
[ Hocl] = [ocr]

[Hoc] 4 [ocr] = 2 M3/ (ag C1a)

[ocr] = 1 mafy as Ch

[ 1 x5.8q] ™
.| mg.ed/) [ﬁg xS 9] 9/4
7

- 0. #25 fﬂﬂ/i [ as BEY itself)
-0.325 x 10739/

-3
= O.?Qs'ﬁ 16 m‘O‘/:(
51.6

- 1408 x 1075 molfy

Pg. No. 102 (WB)
@-t‘"f> @z'rsxm“/& )

0.45m —|—>disinfect

)
Cl2= 31__;2 b — B km——

@:25{:{}05 j/d |

cli___~|<9/‘;
¢, = 32 kgx10° M/ke/d
16x 108 +/d
= 2 M3/}
T ONRS PY Ph
4 Cr = 42Ca

https://civinnovate.com/civil-engineering-notes/




LI
g, @,

amg/-l . Co2

——'_-_—

16 MLD 2aMLD

Cp= 236 ™))

.25 gL x 22x10° 4/

e —

Total Cl» Tequited =

16° mg/kg
= 605 K9/day
Pg. No. 126 (WB)
40
.45 Q- 2630 ™7/d
& Ny Nee
g. = e
ge
n = a8 '/
-p.1456t
9 = l0o0¢e
t = 26.9% min
V= 2640 ™ 2z aF min = 50 m?
d 24x60 min/g

https://civinnovate.com/civil-engineering-notes/
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N X Types of Chlovination
“ -

® 1) Plain Chlorination.

« When chlorination 15 the only wreatment given o the water, )4

N s called as Plain chlevination. F -
R © 1t vemoves the organic matter, micTo o¥ganism , taste & odour

=5 fyom water. This can only he done 1o less turbid wam _wher;
g full fledged treaiment cannot be given fo water.

B Eg. -supplying water 10 Armny troopes duying war.
. - water fo mountainer, exploTer.

]

3} Pre- Chlovination |
°I]: is a process of applying chlorine to water

coaqulation itselt.

. 1t is adopted when
~ along with organic matter is huge. .
@ * It is predominantly adopted in these aveas where chances of

o outbreak of epidemic is High. However prechlorination is always
: followed by Final & Post Chlovination to ensure final Safety of

) wqgter.

uring

the concentration of pathogenic ovganism

eV &d¢

® 5 post Chlorination |
W o ' ¢ Chlorination &
It {s simply called a _

of applying Chiorine at the end.

. when both Pre & Post. Chiorination are
combinedly called as Double Chlorination:

't ls a standard Process

done, they are

DO UEU

o 4> super Chlovination

: - Il M L] 1
2 . When excess chlovine is added such that it leaves high
2 residual beyond o bveak point, it is veferred as SUPEY

2 Chlovl nation,
2

W I—
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. b } ] b} : .

; PYoduces a {ree Tesidual of 3
Ubseunm dechlorination 15 to be done before

De&thT'ﬁmtion can be done by following DechloTinatin

1o 5 mg/L ¥ thus
i's consumption,
q agent.

| 5
s Attivated carbon

g Ammonium Hydroxide |
<3 Sodium Thigsulphate (Na2S$:03) {Cheapes-f & most E'FFEO‘I’WG}

4> Sodium Sulphite

X Varioys forms ot Chlorine

| __I_> Molecular form of Chlovine

* It doesnot torm sludge while carrying out disinfection .
* It quality doesnot qet deteriorated over a period of Hime due

10 storaqe .
* 1t doesnot change Chemical Characteristics of water ¥ Henee it s

convinently use for final chlorination.

2> Bleaching Powder & Calcium Hypochlorites -

» These ave Predominantly used for Prechlorinaton
+ Bleaching Powder is also popular n laundry industry

. Both these compound change the chemical chavacteristic: of wa%r;

%, Hence. they are mot used for final chiorination.

«For 1007- Puwe Bleaching Powder, percentuge freely available

chlorine by wi is appioximately 40 7%, | ‘

. For 100%  Puve Calcium Hypochlovite, perceniage freely available
chlorine 15 approximately  +2 7,

https://civinnovate.com/civil-engineering-notes/
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~

Ca0Cl, — Ca® + ocl” + €I
12%q 519

7' FA{: = 5'['5 X IOO = 40 ‘["u
124

Ca(0Cy — Ca2t 4+ 20CI°

1434 1039

Y, FAC = 103 xj00 = F2%

pr—

143

3 Halazone Tablet

. National Environmental Engineexing Institute ( Nagpur) has
developed special tablets which posses the properties of

Chlorine % Ozone. . | |
. They ave Cheaper & more effective than ordinavy Chiorine

tablets .

4> Chlorine Dionide Gas (¢10.)
-—It ¢ the wost powerful disinfectant form of Ghiorine which
'« manufactured by heating Chlovine & 0xygen at high

tempe ratuye.
+ It's manufactureing is costly & hene it is not used commercially

&sz v QX kHocr]

Avvange N increasing ovder of reactivities.
HOCI, NHC12 ; KkMnO4, ClOa, OcCI™ |

KMn04 < OCI" < NHCI2 < HoCl < Cl10,

https://civinnovate.com/civil-engineering-notes/ j




4 Demqnd & [:‘;c}édge of Chlorine

"-\_‘_._‘_-—_

Ch‘gﬂf?lne

3 eQ,Uﬁn e
<IN

(Hoc X 0C1)

B> Killing of Mb +
(HOG! + 0cer)

s wequived for the

follpwoing Teaction !

R"llﬂnq of Ml 4+ Reducing compounds

( Metallic ions )  Fe**/ Fea*/Mn“/ MA3T /Mn®

N the '{:O[[OWing

Fellsa FeCla

Eormation of Chloro -amines
& Chloro -organics -

{3% Willing of My + Destrustion of Chloro orgamics

(Hoel +0 ¢

*Chiorine consumed in all the above 3 Teactions Tepresents the
chlorine demand of water. Once this demand gets satistied, any
furthey Chlorine added simply Oappears a$ free "re,sidua!. |

* As per GOI Tnanual the free vesldual should not exceed 0:2 mg/i
attey o comact period oF 40 mins.

GhloTination Curve,

Chloyine Residua) (™M3a/1)
|

e () —< @)

|
1
I
|
|
n
l
[
|

— = =

Free Residual

w

Combined Resi dual
Ltht‘mmumine )

—— bemangd.of Chiaripe,
te— Dosage of Chigyine

|
f
I
I
|
U

b 1
< N —> E '
te.com7C|V|I—%ng;rtggring?—notes/ hlori Ne¢ added

N U"Q{I)

-~ & & A A S I, N Sy Y Y Y MM s o s



* Chlorination Curve is a cuyve b/w the gmount of Chloripe

added & +he rvesidua! obtain. '

* The Residug! chlevine can be foundout by various tests ag
follows. : |

* It s qlso called qs Palin’s reagent.
» Tt is most commoniy used as 't is chéap & can measure fre
as well as - combine Tesidual [ chloroamines ¥ Chlovo'erganics]

q_} Starceh -~ jodide Test
3> Chlovotex test

e e e e

+ Both Stareh jodide & Chlorotex Test can measure free
Tesidual only.

4 Orthotolidine Test
« This test js not used for chlorine residual measurement
because orthotolidine with chlorine forms carcinogens

( cancer causing agent)

CEeCUCEECLeLo000088FTS

@ > Between A to B their is no: vesidual observed as chlorine i
been consumed by veducing agent.
~ At pt. °C’, bad Smell starts coming out due to Start of -
2 destwuction of organic matter. The destroyed Chlovo-organics leave
2 the system 1n the form of gases.
- —> At pt. D', Bad smell Stops coming out 1nd|cq+|ng oomp|e’ce |

el

5 oOxidation ©f organic Thatter,
o > After pt. D', any futher chlorine addecl simply appears as

2 free Chlorine residual.
D, pt. D' is called as break pt. B Process of ob+a1n1ng this pt- Is
2  alled os bveak pt. chlovination.

https://civinnovate.com/civil-engineering-notes/
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3 Breqi pt. Chlovination 15 defined as de
Satisty the vequirement of Chlorine.
& ThEOTet‘maHy no ghe chlorine is to be added beyon

i [ : 3
Ut Practically a small - quantity of chiormeo r;mg{;
lemf@ a free vesidua) of mnot grveater than U A

mand which s requived

d break point
her ddded to

DOSGQE of chlorine = Demand of Chlorine + Frei“Residual/
(M3/1) (ma/1) (maf1)

-% inoy Methods of Treatment

1y Water Softenin _
Y | rdness
Water Softening is defined as reduction Of removdl of ha

softening.
from water. Following methods can be used for water softening

® Lime Soda Method | i
1t is the most commonly adopted method in watey treqtment

method Jn which Lime % Soda reacts as Follows |
%, converts imo ppt

Lime Teacts with all the cH present 0 watey

), — 2CaC0s 4+ 2Hl0

. + Cal(OH
Ca (HCO03) ot

digsolved
MqC0s + Ca(0H) — CaC0s b 4 Mg (OHDs (¥)

M CH COB) + Co (DH'),: — Mg (DH)D Lo Ca (HC@B);
9 8 |

Co (HCO)E 4 CalOH), —— 2€al0s ¥+, 2Ha0

cat CO% 4 Ca(OH), + cor—efrzcacoa b+ H0

(Hlkaﬁne)
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@) Lime alsp Teacts with NCH of other MMC & converts they,
nyo NCH of Ca.

gr | ik

MQH SD:- + CGCDH')z et Mg (UH):‘[’ 4+ Ca* gpi®

4
NO; efe | L NoS et
NGH of Mg NCH of Ca.

AFtey veaction of lime 15 complete, NGH of Ca remains.

Reaction of Soda

Hi ‘ i o
. | . oy
Ca?* { No;  F Naal0s —— Cal0s ¥ + Na S0
5 | B |
; §0a B | | N0 ete.
soda Teacts with NCH of ca only
gource of NCH of Ca
{ —
converted from Originally Present

NCH of other MMCLs

Recarbonation
e T

.The Hardness in the supplied water must be between #5-115 Mg/},
as Cac0s in the form of carbonate Havdness.

.To ensuve this hardness in watey the precipitates are conv
Into a dissoved fOTmM by Process called as Recarbonation.
. A Recarbonaton Tank converts the ppt. from settled water |nto
their dissolved forms by passing COa gas in water

erted

https://civinnovate.com/civil-engineering-notes/
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. Th N - J EVTEIR
© Teaction of precipitates with (0> is a5 follows :

CQCO_'_; {’ + (0, + Ha — CC]CHf,O.a.)z

55 - L
CH
Mg(ou),d + 200, —> Mq(HCO3)2
8s N O
CH

015 process ensuves Sufficient Hardness' in water, lesser load of
SUSpended solids onto the Fiiter 2 effective Disinfections in the
Disinfection units.

‘ Lime & Soda ate added along with Atum in the coogulat)

1selt because.
(a) 1t ensuves Sufkicient alkalinity for Teaction of Alum, |
(b) Lime & Soda gets dispersed uniformly owing fo Fast rf‘u@ing.

on Tank

Unsettied ppt- .
Q — I ==
Dt v 30s
Co, CO2 (0
T -TI IT

“— (0,

https://civinnovate.com/civil-engineering-notes/
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N Pg. No.

h 104 (WR)
§.53>
| | ime | soca
Cac0s alk. 2w00pp® | v X
Mg (H(0s)2 | j20ppm v X
Cas0as looppm | % v
Fe2 03 40 ppm X X
MgcCls 160 ppMm v v
MgS0a 100 ppm™ v T
Na ! 25 pp . X
510, 30 ppm . X

200 MI/L

120 M3/}
Qty. of Lime TequlTE%eaT [ [ m?ﬁfg] + [ v x 3%g m}

-_ 80000 4/d x 3659
4 (150 MI/1 xa}gj 5 (100 mﬁfJxBﬂ x| ©
4%.5 609 109 ™9 /ron

50q

= 13.08 Ton/y
106 ™/} 10 M1, 53] 4{ 100 ™I, 53
Fhusof Soda "'Eq””e"/yw’f “W 53} (*Ti‘s_* M
e x 80000 % 365  tonj
109
= 4,14 Ton/y

https://civinnovate.com/civil-engineering-notes/
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quge | Zeolite

E e e ——

T'H‘re 15 a gompound which can exchange its sodium jons with
‘1 C1Um ¥ Magnesium 1on In water.

Pres i Completely Temove Harvdness ds lohg as sodium jons are
*Asg ?h'? Ih zeolite bed.

14 re efficiency 15 loo”, i+ Find its usuage in theymal Powey
Plantg

» Bolleys ete. i+ 16 not used for Drink‘mg water,

I_,_.,_.._... ._._...._.___...__-.——.____.

Sodium zeolite —— Nasl0 - oAk 05 . y 5i0s - anO*

Ca”/ Mg?* etc:

Zeolite Bed

(o) 7 ///// |

1eolite

1
’ I—L ' Gyeen sand Permutit
Nat ( naturally ) LAT+itically)

@) Deminevalization Method

. MI% is a geneval process of removal of ail the minerals from
water. In this method , tTeatment Js catried out in 2 Siages.

. [n the 1t Stage, a cation ewrchonge bed Teplaces all +he
positively chavge lons with Hf lons E,; in "rhe and Stage, all the
negatively charged lons ave replaced with OH™ jons.

« Thu$ 4his method Temoves all the minerals from water 3,
ganem’res water of zerp Hardness.

https://civinnovate.com/civil-engineering-notes/
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* T+ 5 not used for drinking water, but it can be used f,
Thexmal Powey Plants, boilers etc.

Na*/Ca”/Mg"*/ crf s0% [ (0% ete.

‘L

e i

TE A d AL
// e / Cation Exchange
_".

%/

+ + + + +

0 i ananss/ /1))

2

Bisleri,
Kinley

iﬂ/’

OH + HY > H.0

M

Reverse 0smosis (R.0)

Tn this method
mMembrane which P

the Flow of all impurities. This 1s also @ qeneml

hardness ¢ from water.

water 15 passed |
ermits the How of watey molecules only & block

fhrough a semipermeable

method to Temove

24

—¥ Hzo

https://civinnovate.com/civil-engineering-notes/



M for Hardness

M

0-01M
//-vE’rhg'pene Diamipe Tetra Acetic Acid

7

A1 ml of 0.0 M EDTA reacts with 1mg
oF hardness as CaCO3

/%; water Sample + Eriochrome Black -T Cindicator) [EBTJ

Wine Red — Blue

2 Hueridation

* The addition of external Mom +luovide in water when concentrat®
15 less than 1 ™M3/1 s referred as Fluovidation,

v Fluorides gre usually added with the help of Sodium Fluoride (NaF)

3 Defluoridation

.The Process of Temova) of excess fluorides fromn water is
veferved as Defluoridation. Following techniques arve used for
Defluoridation,

0 Nalgonda Technique

This technigue was developed by NEERT ¥or Fighting Nalgonda.
L erisis. In this technigue a treatment plant is setup of
various loeation in which Alum s added in excess quantities
(10 to 50 ™). The excess Alum forms stable ppt. with
Fluorides there by Qetting vemoved in Sedimentation.

https://civinnovate.com/civil-engineering-notes/
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Excess Alum [50- 100 mo/i]

Di%inferdl
Aeration K Coagulat™|—s[Focculation apdimental’| > M

W

L ]

fpsis o i S -
e — e l —

() Prashanti Techmique

In this methed , water containing high amount of fluoride is
Passed thvough qgranulay beds of Activated alumina, Activated
Silica, Activated Carbon, Bone Char etc. all these material have a
high guvface avea & are positively charged 1N natuve. Out all thew
matevial Activated Alumina is Tost effective.

. R. 0 Process

P—————_]
et

@ Deminevalization

1 e g e e

4> Treatment with Copper Sy(phate
T T — e ——

Copper Sulphate kill the algae & also checks its growth even
before it is produced. It is usually added to Teservolrs & lakes

1o control the growth of Algae.

NOTE * Algae deteviorate the quality of water & causes Algal
{-}ymbiOS'IS.

https://civinnovate.com/civil-engineering-notes/
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s Di%’rr

Wh%i'buﬂe'“ of PBalancing Reservoirs are storage Teservoiy. whes
With, pT*‘marg function is 4o balance out cumulative Supply
Cu
“ Design of balancing veservoir implies to Find minimum
UMe of Reservoir such that it 1s able o meet the demand

Vol

rs. DISTRIBUTION SYSTEM

mulative demand.

| With Supply throughout the day.

s
he Storage capactty of balanaing veseroir 1s found out with

| the belp of mass curve.

- NOTE: (D Mass Curve i5 the curve between the Accumulated

| Dis'(;hqr'ge e Volume vs Time.

@ The Slope at any pt- on the mass curve Tepresents the intensity

at that point-

() The Area upto a point in Hyetograph Tepresents fhe ordinate
* :

| of mass cuvve at that point. |

@ A Mass cuTVe ¢an be "Inereasing , it can be .constant but it can

be decreasing

never

o (M%)

R

raph
H y&tog s://civinnovate.com/c

—7 .
9fs 3% 5 ‘i(.h)

cum. Q = Volume

N Y Y s

M % Y Mmooy o o

M a2 b

r.

vil-engineei
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=

I

[
e,

ilmu1o+ed Q= Volume

®

| Time
C2-2’) ’:‘EP]H" Peplett \) @_) [2-2") .
(1-1742-20) (2-2)  (Empy)

5upply Rate — Constant
Demand Rate - Variable
Vmin = 5um of Max™ ordinate diffevence b/w ¢.5 XD curves

.é_

[ Vdesign =(i-&»|— l-3) X Vmin
I\'Rmﬂugﬂ:

https://civinnovate.com/civil-engineering-notes/ \if GG



s NO' ID& CWBD “_-
Q.15 E E
-‘\k‘\"“‘""‘“ Cum. 3appPly - ‘q
T L

e lh) Cum. = tum Demand <y
Te— ﬁupply Demand supply pemand -
'8 IR ~ 3333 <

o O [3333 @) 13333 -
Y-6 50000 | 40000 | 50000 53333 - 3333 ’ﬁ,?
6-|0 looooo |120000 150000 |$3333 - 23333 :‘Fq
10_‘2 50000 33333 200000 206666 - 6666 ’ ,:?
- e o 25000 | 200000 231666 - 31668 u
16 - 20 100000 | 106666 | 325000 346665 - 21665 S
20 - 23 ¥5000 50000 | 400000 39665 4 3335 o
[ - o o 3335 | 40000 40000 " w

L
4 :
- L
I ) _“_
a) 1 s Min™ Volume L
: Vmin= 31666 + 3335 ’ Q-}
{ = 35001 Litres |
-k i R Q
3666 | -
| _‘_‘
€S | |
| i
Water Jevels Water Levels + 31666 .
O - 13333 = 13383 18333 N
13333 4 50000~ 40000 = - 33313 28333 o
3333 + 100000 - 120000 = - 23353 8333 c
223372 50000 - 33333 = -£866 26000 &
666 +0 - 25000 = - 31666 0 &
e = -14949 1666 !
21666 * 25000 ~ 8333 ~
14949 + 100000 - 06666 = -2|665 1600 “
< 1665 * 5000 - 50000 © + 3335 3500 | &
-2
3335+0 - 8335”‘0 3]666 _ h
1 https://civinnovate.gom/civil-engineering-notes/ :




: » 20/ /g

R Pg.No. 112 (ws)
Q.24>
BOD, = (q.a—e.tﬂ mg/) - 138 mg/y
( 5/300 )
BOD, = (a.1-4.9) M9 —

(10/300)

1 BODJ‘UQ = i3q-5 mg/_[

Pg. No. 113 (WB)
.21 pobs (20%) =100 ™I/
BODI(BE%): ? |

k (20°¢)- ®®0.1 4

L icipal
= 0.1d" 20°c. For munidap
AS per G.0.I ‘manual when K 0-1d at : %,

sewage, it is taken wrt base 10.

ThUS 3 d-‘ ‘E
Bons (20° ¢) = gody (1 ~10°"" ”)

-0 4~ % 5d
100 ™Ma/) = BODu(‘ IODI i) ¢ (

BODy = 146.24 M9/,

: T.20
Kb agte (1.04?)
p.1d-" 04%)> "%
. 0.218 d”

0,218 x|
(3:?(3 146,24 mgfi(i-lo " J

~
Q
.-
&
|

1]

- 51 mﬂ/.l.
BOD:

https://civinnovate.corh/civiI—engineering—notes/
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P S
. Noo 1 (ws)
Q.15 )
=> BOD, =35 M3/, - BODy (f_ g -0-345d ‘39

k ( base e) - 0.345 4"
BODy = 116. 32 MJ/)
Lio = 116.32 ™9/ x p ~0:345d° x lod

= 3.69 ™9y

(1632 |

BOD consumed

3-64|-- - _!Lr__
4 i

*L T
20D Temaining

1
W

Pg. No. 110 ( w)
Q.1 poDs (20°) = 180 ™I/

kCbase) = 018 d” (at 20°C)

T-20
kre, = Kzo% (].044}

BO D, (T°C) =180 mg /]

PSP N S A I A WA I AN AN A A A A A

BODE(QO"C') = B0ODas (1% )
L (iae"’"ed"%d): LnCl-e‘“*“‘-“'B)

- (0 18%5 - krex 25
e o8 = @

018 x5 = Krex5

https://ciyinq:pr\agtg.cm/g:igiIdmgineering—notes/



0.36 3" 0.18d" (1.04%)
2 = (1.04%)" "%

10910 2 (7-20) logw (1:04%)

' T= 36°C
e

Pg.No. 13 (wB)

Q.257  Doy=0.6M9/1

4 /100

K = g 0.234 4" ( base ‘e’)

BODs (20°%) *= BODu([—e'k“>
-0,234%5
52,6 m3/y = BoDu (1-€ )

. BODu= 363 MI/1

A A BB AR EEERNEER RN EA RN ENNNNSNANAN N AN

https://civinnovate.com/civil-engineering-notes/ &

BOD wjw (5d, 20°C) = 2:904 - 0-8 - s52.6 ™Il

= v i E
D0, =3 ™/
VF“'NK /Fqﬁml :
DO = DO wmix 54
0:6x4_+ 3138 mgfy 0°¢ Dos = 0.8 M4
\00 :
= 2.904 mﬁ/l




Q.>

A4

162 mafy ¢ 4/d x 107 9/mg
/d » 107 VT

¥ 80 9/c/d

-—
=

= 2025

https://civinnovate.com/civil-engineering-notes/

SEA



\4. DISPOSAL OF SEWAGE

Pg. No. 115 (wB)

@43} Lo = 28.28 ™9/,
Do=0.56 M3/
f =425

3.25 '
[M._ - 4a5|1- B3Bx086
De % 4.25 » Q8.28
‘. De= 4.35 M9/)

Pg.No. 15 (wB)

Qr = 2000 ™5
m? _
@._l__l} Qs = 250 ™/s ——
D0, =0
BODs, = 350 M9/,
| F#3
BODyy = (5% BODss
= 625 M9/}
s Dr..'*"]

£\ 1) Dt
LI R {r A _Ef,‘_)_.-‘i}
De § Lo |

lo — Ul+imate BOD of +he mix
BODys x @ + BODur % Qe

T Qs + Br
. (525 maix 280 M) + O
2350 ™M)

Lo~ 58.38 MI/J

https://civinnovate.com/civil-engineering-notes/
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.-_ il lﬂ ; .‘- I'rl' ’_ D e oo Py T =2
Domi"‘ t=0 = DOr x Qr + DOs x Q@s
s il SN e =2
Qe + Qs
= 12 Mmg/y X 2000 “‘3_/-‘3_,’1_9_ = 16.6% ™3 /)
i Q250 l‘ﬂ"VS

1 k,

Do = 13 mg/) -10.6% mg [
= .33 M9/

[58.33]’: 3[! _ 2x1:33
Dex 3 £58.33

De= (.49 ™a[y

.44 ma [

121
1069

0.5)

v

Pg.No. 15 :
. . Qg = 1250 ™%/s
| DOsqt = q,1F ™9y
Qs = 100 M, Nirin: B35 72
5= S

BOD s - 260 ™I/ BODumir= 1.25 x BOD g 4

DOs =0

p-4
kp' = 0.11d"(base10)
ke = 0.44d”" (base 10)

https://civinnovate.com/civil-engineering-notes/
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BODmix = 1:25% BODgpmix = Lo

BODsmix = BODssxQ: + BODsr % @R
B Qs + Qe
- 260 MI/L x 100 ™Ys + O
350 M3/

- 19.25 M9/}

lo= 1-25x 19.25 = 24,01 ™M3/)

DOmix = O+ Q1% X180 _ 4,4 Mo )
1350

Do = DOsat - DOmix ¢t =0

= 0.868 M3/
be = | (0G0 ko'lo - kr'Do .+ e’ Do kn’r}
Kr' - kp' ko' Lo Kp
= 1.30% day

L90F x 844 86400 x1:5 ™/
22.13 km

de

https://civinnovate.com/civil-engineering-notes/
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(g TREATMENT OF SEWHGEJ‘

Lr

f.—

LS

LE S B Y/

| SCREENING

Sereens

|

vl

To Temove __n.ﬁm

Fleating suspended

mater From W/

WA B W AR U BNV TV S W R A W B O R A I U R B R O I W S AR R R
Grit = usually large sized
inorganic mater .ﬂo:mm.
sand etc.
PUMP HOUSE ki B
GRIT REMAOVAL SLUN REMOVAL PRIMARY BJOLOGICAL
v;h LNIT UNIT SEDIMENTATION UNIT
GTit Chamber el TANK [ PsT] Attached &
ol T " |
Pumps Detritus -2 o«ﬂzﬁ
Tank Vi ni
Raw/Sludge’/]
To comrol *Q’ To vemove: lavrge To vemove scum

Preliminary Treatment

1\ Primary Treatment = Pre. TR -PST

inorganic matter

as much as

pessible

ﬁmnc? #@mh_u_

To remove setileable

organic matteras
Tuch as possible

Disposal
afrter
Disinfection

To decompose
Temaining

suspended &
Dissolved O/n

S5ECONDARY
SEDIMENTATION
TANK (85T)

|

]

r | Biologica)

Sludge

3¢/ Tertiary Treatment/SLUDGE HANDLING]

Present \n WANG

~

https://civinnovate.com
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' L)
. Overview

>* The Preliminary Treatment consist of Screening, 6t Temoval
D Unit & Skimming Tank. It is decigned 1o YeducR the Bop of

> Wwaste water by about 15-307.

Pa The Priliminayy Treatment combined with PaT is called ag

PTimo‘r\; Tyeatment. It is designed 10 Yemovec 60 to F0Y :
suspended solid & 30 to 40 BOD associated with i1t.

> * In Secondary or 2° Treatment, microovganism will decompose the
D organic matter & form Biological Sludge. The effluent 'F!I‘O:m

D 2 Secondary Treatment usually content 2 to 57 of the oviginal B.op
1° Treatment (onsists of Yemoval of microorganism

. Tertigyy or
Usually by uitvavioletr vadiation.

RIT CHAMBER
'-Trh'\s ave lopg Navyow sedimentation basins with less Detention

Time. |
They are designed o ensuve settlement of inorganic
evial (ollected at the bottom of the chamber can be

paxticles only.

The mat
easy disposed-

E\ther Rectangulay OY
Veloclty etontrol devices are
of the Chamber.

1o cortvol the veloeiy in Rectang

sutro weir 15 used.
10 control the flow in parabolic Channel,

- Pavabolic secHons can be used. |
\nstalled at the entry and fhe exit

ulay Tank, Pfom’fﬂf}nﬂ' or

pavshall Flume s used

https://civinnovate.com/civil-engineering-notes/
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Velocity tontrol device velacity comtrol

device
N —>
Oﬁ o

e, : @X ”'.-_.,on

Ve only _inorganic J
ri

e

Grit (Scrapped off)

” i v
Rectanqular Parabolic -
7/,
[/ 777777 77 /A weir .
3 a'weir ~SUTRO welr
Pyoportion a e Yop  View
D Grit Chambey —

D.D.E_-.;q-O—GO.S. /\ : /\
3 Parshal TIHE

gy Vn = 0:55-0.3 M/s Flume

H 4 vo02mm

4 atoke's faw i5not valid
5y G5 gesign ® 265

6> H: | -2:5m

Loy to8
9 <

https://civinnovate.com/civil-engineering-notes/

r o 2 7 7D ln R AR AN Y R ARAVLAE B 3 A AV A A AV A A A A A A A )



Moditied Shield’s Velocity
e e e —

Shield proposed a wninimum Horyzontal velocity to be Q1 Ntineg

It the pavticle of size *d’ & Specific Gravity (63 is 0 be kepy

in suspension & not allowed 10 qet settled. This 15 called as

mModified shield velocity & i6 given as Follows :

Vimin = 3 to 4.5 [qd (Gs-1D
Vimin = 4 | gd (6s-1D

Detritus Tank

The basic difference between Detritus Tank & Grit Chamber s that,
Grit chamber is designed for removal of inmgah'tc_rflaﬁ@ronly
but defritus Tank s designed for settlement of most oF*rhe
inorganic matter

Dt = 3-5min

VH = 0.09 - 0:15 M/

1

VCCOOOLCOLOULGLOLGLL L L EC € CC

SKlMMlNG TANK . 31}11/1‘1'

“e Skimming Tank yemoves the scum pavticles such as oil, fab,
¥ grease , soap ett. which entevs the waste water System.

<
5»1In a Skimming Tank, Compressed Air ¥ blown by Aeyating

o device which fends 1o drag the lighter scum particles T0 the for
2 1t has a Detenton Time of 3 to 5 min,
5%imming Tank 15 an cpHonal Unit as ‘a scum )3 vernoved even

before it enfers S5:T.P by tonstructing ol & grease Traps
thyoughout the gewarage system.

https://civinnovate.com/civil-engineering-notes/
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3
Scum "Skithmed off %
EXIT T TIT IR AR =% % i
D't = 3'511'1'"1 1:
o 3 0 ' %a’n' / G
0 4]
4 ° 5 (75
777777% V777772 VAI7A 77777 C
“Air Diffusers/ i
Man Hole -
7777777 _
7T 7 .--.- yaad r"ﬁsc’um e )( L
_ ___d-___’.
e s AU 5 | )
J [
)‘ Scum Free
5-9% Scum
YT TSI HIETITEL Temoved by this 5TP
Tank

o 00 0

BIOLOGICAL uNnit

g, LY &)

(«All the Biological units ave des'!'qned to WOTK under. Aevobic Conditon
Bsemae because :

(D Aevobic Decompogition is ?aﬁeT % thus the Detention Time is lesser *
@ge'rob'lc. Decompositon doesn'oﬁ proddc:e bad smell o1 Gases. g

fa

L]

, The Biological unHe are of 2 Types

() Attached Growth Units - In these units, a medium is ysed
1o vetain & 10 9YOW wicvo-organism under Aerobic tonditions

Eq. Trickling Filfer , Rotating Biologica) Contactor & Bio Towesr.

https://civinnovate.com/civil-engineering-notes/
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- '+ T an-
- syspended growth Unit - In +hesf: unit, 0r¥ganic matrer ¥
_— mem arve kept in suspension ¥ are not attached +o ony
- TﬂlC;f) OT(JUT pbtain d high Tate of decomposition, the contact by,
nalll pmpiernle- intreased.
<X micyo ovganisms 3, ‘Organic mattes 181

o evatlan Tank of Activated Sludge

Eg: A
- - lagoon , sequential Bafcth Reactor ($BR)

Process s Oxidatlon Ditch /Aeration

!

» 1 (1; 1"!, ’,.)

TRICK LING FILTER
System Biology
UW i l
In fixed Ffilm attached Gyowth Ae¥obic process like a Trickling
s a
Tiitey, Aevobic conditions a¥e maintained for the decomposition of
Ovqanic matter. o o
The Surface of medium is coverd with Bio Film o7 Biological

layer & as the waste water tricklers in a medium, orgonic
contact with microorganism X

.

J [r} 't‘g {.h

G G

S matter in  waste watey comes (n
5 Qets Decompose.

5.As  wore and. more organic matter is applied, the thickness of
_ . .
D thic Biological layer increases due 16 which the conditions at the

¥ bio film medium interface 6tavts becoming Anagrobic because of

i unavailability of Oxygen .

.D-Due to  Anaerobic onditions, foul Smell gets p'roduced ¥ due 10
— unqgvailabitity of Food , @@ Endogenous Tespiration predomirates
- a+ the biofilm medium intevface.

2, As the thickness of 4+his bio Film jpereases & becomes exgessr
2 excessive & Bt gets Sheaved off % +his process of Sheaving
* 15 catled as Slouging.

. ‘ v * |
5+ Due fo Slouging ACHon biofiim detached #rom +he sursace

5 05 1's thickness increases.
https://civinnovate.com/civil-engineering-notes/
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‘AS - ‘
Sloughing qaetion increases, Aeroblc conditions become

pTQdOmincm In the Filer |
v | N .
n TT'lchﬁng Fiker this Sloughing action 1s controtied by contTo iy

The dischage R in Rotating Biological Contactor ( rRBC)
Sloughing action js Contiolied by Yotation.

Bad Smel)
0*
.: by [T \

0/m ( decomposed)
+ Mo 11 !
Biological la¥er

0, _ Biotilm @E#es® Medium [nferface

SlougnineG Anaerobic B Endogenous

~Opfimum Biologica) layer

a-5mm

Operation of Trickling Filters

» Trickling Filters are eireular in aross -S'ELCH‘on N which sewage is
applied dt the fop of the medium by votating Distributory Arms.
_This  Afm ensures un‘ﬁom- application thyoughout the circutay
gecHon. 1

-~ s DO 0000688 00005804

|

a

TLIRE LA A L

" 1

"'\

(

|

a2 oy 4 AYMs are usually  pvovided which rTotate at o0.g to 2 rpm

'\NhiCh ens uyes unH:orm Sloughing.

https://civinnovate.com/civil-engineering-notes/



D The media 5 usually Grave) % i5 well graded b/w 20 4o 35

in size. -
Ae the waste water Trickles down thyough the g¥avel, the

bi01og‘icq'| layer qgets exposed 10 the Alr there by ensuring
sufficient orygen for decomposition , this ensures  Aevobie

decomposition.

Types of Trigkling Filter
R

2 Their ave 2 Types of Trickling Filter

'REEEEEK

g J> S$tandard Rate or conventional Trickling Fitter

In this Trickling Filter, the Dischavge over the Hiter cannot be
controlled as their is no provision for veciveulaton
Due 10 no or less contyol over sloughing action, the operationa)

ii { 'f..e:

¥

5 tioubles like odour nuisance, Fly muisance % ponding, arve

D commonly observed in RSTF. ¥

“w 1t ls not used now a days

w

o 2y High Rate Trickling Filfer-

9 1n HRTF, their 18 a provision for vecirculation of efHuent due

" 4p which 3loughing 0cHion can be controlled. Thus -o'pe,mﬂona!
< 4youbles of B SRTF & ave not observed in HRTF.

b dJu

. v

..‘}

e

'Dts 1.5 ~2.5h 3 > '@o

by _ /

b LE

Biolegical Sludge

~~Standard Rate / Conventiong) T.

https://civinnovate.com/civil-engineering-notes/
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! 1
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O 77
00 o O 3
\ tm;-mgj / 1
T' .

Qe /’ Sy e 3 |
— X —> @0 — Qo — [ < To sludge
- X Tg:fg ' St 3 ~>i— + Qg Handling

’ Pump 3
Qr L }( = =
Recitculation Tank
SINGLE STAGE HRTF
Design Parameters|
, > Hydvaulic / Surface loading Rate (HLR/ 5LR) -
wLR = Discharge Passing through the Filter
'_—_'_f;t_‘u-r%ace Area of the F?ltewr___‘_.____
2 .
S A= 7D i I \
! QN
- Tna/rn‘/d
.l/m’/'d

2y Volumetric [ organic ‘loading Rate (VLR/OLR)

VLR = —I»iq,o{: BOD en’re:ﬂng the Filter pej'r day kg/majd
volume of the FiHer kal 14
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f
L b
A

|00

1]

| +0.44 [o p

LSS I S A )

ma/x x 4/d V=D
k 4

p mg/g — ka/d
)
--_."'\,J
)
& . : __-_-___--_"'-"—-_.._
~  parameters 5RTF HRTF

S \

3, [ - 4 10- 40 Cincludin

_5 D HLR (/m/d) Tedmmagm
Ly
4D OLR (Kgof BOD/m?/4) 0.08 - 0.32 0-32 - 1.0 (excluding

“ | -Teclrwlqﬁon)

5 3 Recirculation Ratio 0 0-5 - 3.0

‘; (R: @R/GD) : e

f 4> Depth of Filter | - 3m 09-2.5m

-~ 5> Maximum Diameter LOm 60

Tl

=

= EFFlc[_Pil:]cy ot Trickling Filter

¥ - Given by National Research Council (NRC) Formule

=0 _ .

ol r[-TF ". BODL BoDe x 100

2 BOD; t

= CASE 1

e ASE 12 M, of SRTF

OLR or VLR = kg of BOD/pa/,
OLR - ynit.loading rate

https://civinnovate.com/civil-engineering-notes/
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C
ASET: 1 or mipry

L Single Stage HRTF

TL = 100

L

| + 0.44 [oLR 1+o.44]}-’j
F VF

OLR = kq of BOD entering the Filter /day

Volume of the Fiter (M

F = Recirculation Factor

i+ R

Fs  trb o .

|
ll [lf(l-’*’)RT

R — @R/@D
£ - Treatabihity Factor

$ = 0.9 (For sewage in India)

(14 04R)

LY Two Stage HRTF

n.l: IOO

I 4+ 0.44 W)

V, F,
[ 100
| + 0.44

wheve,

T = n decimal

o s hitps://civinnpvate.com/civil-engineering-notes/
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o | | !
. FL@—*@
. (H) (=)

r‘(’

7.

|nj=m+(hn0nz

iy ¢,

W, = kg of BOD entering [*' Filter /day

() ()

W: — kq of BOD entering 2™ Filter /day

t g

v, = Volume of 1% Filter

L

V, — Volume of 2™ Filter

Ly

Pg. No. 123 (WB)
@*‘-LG) n- 82"
V1365 m3 F=_ 1415 - 1.89

R=15 (1+0005))
W = Ka/4

© <) O

L) lj-.

(b €/ %

Fr mga=_ 100

| 4 0,44\/- " )
I365m3x |8q

SoW = 642 Kgjy

U ¢ 4 &

}
/

5

https://civinnovate.com/civil-engineering-notes/
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] "3. Ne,

123 (wWB)

Q = 4.5x10° 1/d
Bob= |g0 ™M9/)
OLR = {50 ¥4 /m?/d

HLR = 2500 4/m%*/d
=)

2500 -L/m'-'-/d - 4.5 x IOG ’L/d
e e
5.A

3 T e e s

5.A = 1800mM*

150 9/m3/d = 018 Iax 45x10° 4/
'

. 5400 m?

H= N 2 5‘400]‘“3 i 'Bm

—_— e

5A 1800 m*

Pg.No. 128 (w8)

@-‘26> Qds - 30000% 120 1/4
\ =36 x105 4/4

BODas. = 200 M3 /)

pat

5 quHGilfd b
BODs = 246.15 Mmgfy | Tleoo” 354

T

1

Qs = 3X10° 1/ 4
BoDis= 800 M)y

https://civinnovate.com/civil-engineering-notes/

= 246.15% 0,65
=160 M3/
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o

U U U € @ U L e U by B vy vy vy v

LF

wr ¥

L L wr

.t

OLR = 10000 kﬁ/hmm/d
= ) kg/ma/d

\ Rg/m’/d = 160 mg/j ?‘BqX’DE 'l'fCJ
Nolume x 108 M3/kq

volume of Filter = 634 m>

HiR = 170 %10° +/ha/d
- 130 107 4/ m*/d
1y + 39x10% 4/d

et —
surface ATEQ

b
%0 x 100 */m*/d = 34 x 10

Syvface Area = 458.82 m”

AD’ . 458.82 M

4
A D=24.1Fm
H: 6&4 mn__s = }:361'1‘?
458.82m7 ;
»+ . Di. 15 less than 60m % Height Jo between 0.9- 2.5m
' Design 15 OK.
]1 % 100 :
R T—
1+ 0.44 [oLr
F
F=_It1 - )653
(1+0.0)
Mye = 22 S TN

| 40,44 ) Kafm?/4
I hgtgs://civinnovate.com/civil-engineering-notes/



| q
ool :“45 ‘/- = BODL - BODE x 100 ¢
BODe g
14,57 = 160 MI/L - BODe 05 {
l s R
160 ™9/ k
BODe = 40-8 ™I/ \
| potating Biological Confactor (RBC) | '

* In RBC, Aevoble bacteria are predominant.

" Tt 15 4he £ilm which 15 moving at 316 6 rpm & water \s
. Stationary, | c
'* RBC Dises are immersed tpto 40v. of their diameter & the ﬁ
, -*mmc,m organisms get organic matter when immersed & get oxygen

' When exposed. r.
] As the growth of Blo Film increases % becomes excesswe, it gets
| Sheaved off. :
. 587 1s not Tequited because the provision & for sludge settlement
is provided in the Tank Heelf {
. 1+ handles Telatively less gquantity of water as & it is opevated
as il & Draw Type Tank. | {

. 1+ \s not used for commercial treatment in India. (

Oﬂ) N - : (
%-6 vpm D 0-6b :

/;7 RS, 1
\/ / 4D v >To Dl posal

,1/ Y 7

o
|I[ d

i

<

Handl'rng

https://civinnovate.com/civil-engineering-notes/




fw\ |

F.
L

VIRV,

T

4 U

Big Towers | Super HRTFs

wWith the invenfion of modular synthetic media of low welght &,
High Porosity, 1f 15 possible to make vertical arvrangement of
dia upto several meters of Height. Such materils can te

Such me
hig'n density Polyethylene, Geosynthetic etc. Such  arrangemeént is

called as a BioTower which has ‘a higher discharge passing
capacity & Higher efficieney than o High Trickling Filter.

* Syspended Gvowth Unit

S UV UVVUVBVLVBLULVLULUUULLLOLOLOGEG O

suniem plolony

p Food (0/m) & Biomass (M/o)

I
i
I
I
|

'\Ambo!iwnm

I
[
|
r
|
!
|
|
i
|
|

g1 catabolism(1)

|
|

>Time

@ lag Phase

(2) log Growth Phase
3@ stationary Phase

() Endogeneous Phase

https://civinnovate.com/civil-engineering-notes/
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L -
The—sthase “
& ) :

o 0 0TaANISM In the system 1€ become acclimafised to -
by CDVironment (PH ¥ Tempem"ru*re) % to the food provided. - |

Dt v

WINg Hhis bl phase *catabollsm dominates over
qnabaﬁgm & +hU5 ‘-fhe miCTD Organ]gm gTDW"fh ‘]5 Very ‘655, 'H-"'s
Phase iq called as (.qq Phase.

The lag phase will become negligible i Micro organism 19 dlvead,
ACCustom 10 a  &imilar envitonment & o a similar food.

@ O £y D © O 0 Y g

® Log Growth Phase

In +his Phase Anabolism dominates due to sufficient availability
of food. The micyo organism TUltiPlY by cell division at Very
high Rate.

T T

iy

'(® Stationavy Phase

—

. ':[- ‘}‘hl'l5 PhGSE ’rhe PTC)dLlGHOﬂ of new m‘imo OTgﬁniﬁfﬁ e TOnghli}j
| In
: obfcet due 10 limited availabitity of food .

£y £ £y 4N

F &

@ Endogencovs Phase

1;Jhen fne availability of food becomes ceveria Severely limited,
endogeneous respiration predominates due 10 which the bio-mass
conc. (ecreases ‘gignificantly.

NOTE
0, Food

Biormss

1 T = Food Temains undecomposed

_Food | 4 = tndogeneous respiration Dominakes

Biomass https://civinnovate.com/civil-engineering-notes/



.F
“% ACTIVATED SLUDGE PRocess (ASP)

T L ASP is an Aevobic Suspended Gyowth type hiological Process

.

_ 4that uses active micvo organism  Rept in - suspension to
< decompose & stabilized suspended & dissolved organic Matiey .,

"= .In ASP, q part of cettled Sludge In 8sT is yeturned 4o the
’ L]
- Aeyation Tank ¥ Oxygen ‘15.9upphed externally o maintaln

f, Aerobic Condition.

S

.+ The vetured Sludge from 8ST is biologically actlive to the food
provided & Hence fhis process Is called as activated Sludge

2 Process
sl .
~= Terminology
1. Return Activated Sludge (RASD
- The Sludge which contains active microorganism & is veturn to
. Peration Tank 10 Képh keep enough mMicroorganism n system
« 15 called qas

o 1

.2 Waste Activated Sludge (WAS)

" The Sludge which qgets wasted fyom the system ¥ js taken for
Sludge handling 1s called as

L—i.-b:_) i}

3. Mixed liquor Suspended Solids {MLSS)
.« It 7vepresents the Total auantity of suspended Solid present In
« the intluent of the Aeration Tank.

wl

ek oty b ol

https://civinnovate.com/civil-engineering-notes/



i’c

t. MiKEd L.IC],UOT Volatile Suspended 50lids (MLVSS)
Sl Bl A,

3us
PE‘.T}S on. E?([)ETiTﬂEﬂ’mHg when PSP attains

Mlygg

15 found 40 be 807 of MLSS

Mg |MLVSS ¥ 0.8 xMLSSJ

 Bssumptions

> ANl the veactions oceurs in AevaHon Tank only, this implies thed

Th

3y The influent & effluem Biomass concentrations are negligible.

e BOD changes in the Aevation Tank only.

S Q. part of Mise which ls actively consuming he
nC_ommq food ¥ ¢pnsiste of Active m1CY0 organism 1N

equilibrium,,

: r
i |
| y e | 1'
[ ..‘F’ y I
| X/ Aeration | §ST |
Qo | Tank Qo+ Q¢ | ! @;-@w
X kT Qo + Qe 3 'l va; 5
‘.S : 1 V, X i |
] | |
~ G 0
l Decomposed o/M + M/ "
I |8 '
| : ‘
| I
T T T oy oy DTS V| CSRTRg S T _:
Y Qw

https://civinnovate.com/civil-engineering-notes/
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Qr -» Return Activated Sludge Discharge 1

Qw —> Waste Activated Sludge Discharge
N —> Volume of Aeration Tank
MLas or MLVSS —> X (M9/x)

Xu — undertiow 55 conen (mg/1)
xi —> jnfluent S5 conC” (mg[A)
Xe — eFfluent 35 conc” (™91
6o — intfluent BOD (™m9/1)
§ —» effluent BOD (m9/1)

[1] Hydvaulic Retention Time (HRT/6)

H—

- Theovetical avg. time for which incofﬁing sewage stays in the
AevaHon Tank.

HRT = _V_
Go

2] Ovganic loading Rate (OLR)

1

kg of BOD entering the Aevatien Tank /ms/y

= DSD
OLR ﬁg—‘ ke/ e/

(3] F/m Ratio

F: Food or O/m
‘M: Microorgdnism or Biemass

https://civinnovate.com/civil-engineering-notes/



{j{’ X9 of BOD entering the AT PeT day

Kg of Biomass present in the AT

< Sev | hay
VX

rzl-ﬁ]

P

™ Primary Factor governing BOD yemoval

-I—E "M = o/ will remain undecomposed in a particular HRT

E Wi — My will undergo endogeneous metabolism
M

(4] Mean Cell Residence Time | Sludge Age (6)

B.= Oty of biomass Ppresent in AT
wastage Of Biomass from the gystem

Rate of

Q. = VX
Qwxu ((go*@w)xe

B — L M3/
Ljy x maf)

Ab pé,r Assumption 2

0. = VX

2
Qw Xu
hitps:HetvinmOvate.com/civil-engineering-notes/
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[5] Sludge Volume Index 1
« 5vI 35 used to indicate Physical State of the Sludge prodyced

in 55T of ASP. | |
+ VI 15 defined as the volume oceupied in ml by Igm of

MLSS after settling for
* Sludqe 5ettleability
G0I Manual, 5VI should be between 80 to 150 ™ fqm.

* As per

.« 1§ VI is very high, it den

30 minutes. The unit of SVI is ™ /g,
% sludge flowabilily is detevrined by SV,

otes the sludge with pooy

settling characteristics.

« IF oVl is very less,
Characteristics.

SVl Jar

it denotes the sludge with poor flowing

Example
X = 2500 ™A/}
g3 =2.5 9y
T 3 -
Vol.= 1 4 ]
& (rlass Vo ? - al
TN -39
E =12 ™
Tesae lgoml '
As per GOI Manual , SVI = 80-150 MY/

ST 4y S9 L= Mk gy

~Poor Settleabi ity

https://civinnovat*.com/ciMﬁriﬁ@%ot&b}w ab) ity




IR

Miat}on Ratio (R= 8r/go)

Qo+t QW

Xe

Biomass Out [ For 55T]

Biomass In = e Lfor 510
@
(Qp+@Qr)X = (Qo- Qu)Xe + (Qw Gr)Xu
Find Qe
Find R= Qe

Qe
A5 pev Assumpftion 2, Xev O

(@p+ Qr) X - (Qwt @r)Xu| —— @

5pecid! Case,
Qw = 0

(@ Qe )% = BrXu
@ox T @R)‘ = QrXy

QoX = @e(bfwx)
Qo Mu - X ' S ilh @

https://civinnovate.cdm/civil-engineering-notes/



| .
i~ Pg,No. 12% (WB)
™ Q.45> @, = 30x10° 44, %= 3200 m9/1

["‘--;

i’"‘; 8y = 260 ™3/

I\: F <024’

[ v

|--5:

|“‘-: F. Qoo

I-H.,_“ M VX

™ 0214 = 30x10° 4/d x 260 %

vx 3200 M1
V= 1.6 x10° A

HRT= V. 116x 1000 . 0386 dx a4 h/d
Q  3o0x10° 4/

U © O O & 6O O G

N = 4,28 hr
T d_:-,.:"--""
—
~& Pg.No. 123 (WB)
rLff 8.4 @, - 36000 ™/4qy
= So = 250 ™I/}
= X = 2500 ™I/
— Xu= 9%00 ™Iy
== HrT- 8
e HRT= V_
. Qo
—a
— 36000 M/ qy 36000 m3/
— 24 h
Lo https://civinnov?i?.c\c]rg/ci\{?ilbeéﬁin%egring—notes/
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— | @050
™M —
VX

* 80050 igng XD T

12000 m® x 2500 "I/
= 0.3 CI-I

@'i@ Qs = 36000 ™*/d
So = 250 M9/}
X = 3500 ™a/J
Xu= 9300 ™I/4

HRT = 8h
Qw = 200 ™/d
Xe = 30 ma/|

B = VX

Qw Xu + (@u‘@w)Xe

2 12000 M* x 2500 MIN
3
(200 /4 x 9700 mg/y) + (3@90-:00)%1_ x 30 My,

- 4.45 days

pg. No. 126 (w8)

= VA
Qc =

o i . HRT = ¥
QueXu 4 (Go=Guyxe”® i

_ 1250 ™ x 3000 Mg/}

Ve 15000 ™/ x 24,
24

e i
50 m3/4 x (0000 Mg/

https://civinnovate.com/civil-engineering-notes/
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£

Pg. No. 125 (WB)

t

T Q.3%, §.38)
3
S Q=500 ™/h i S
~ S = 150 M3/} X=genn "3
~ g =10 ™I
= Q¢ = 240h
)
D F . @50 . 500 ™/h x 150 ™A qa35.10°
F 500 /b x 150 TP
> M VX 4000 M x 2000 ™I/
- = 4.335x 103 x 24 h/j
s =0.225 d”'
T Qc :___,.,____Y.}i--d—-
o Qw Xu

QuwXu= _4000 m® x 2000 MI/L X 108 4/m?
10d x10° ™9 /g

-~
<

~
<

= 800 K4/

.
o

- Operation of ASP
p ¢ M
) Theit ave following 2 Types of ASP

—

3 1] Plug Flow ASP

:: In this ASP, water moves progressively fh’mugh the Aevgtion Tank
essentially MHxed unmixed with the rest

—iy

of the Tank Content. _
.+ In this Tanks, oxygen is blown from the bottom through Diffusor

—

—— Plug Flow Tanks have fong & narrow onfiguration with /8 ratia

gny time ¢t’ is given by

- ! [t = oK [
=J https://civinnovate. ivit=engireering-notes/
=




9 03 0s 0, Os Ox 0. 0Oy

L2
IWQ Mixed AsP

" thig ASP, (omplete mixing of waste water takes place with
Qlveqdy ovesent content in the Tank by Mechanical Aeration |
dE\JiQ83_ r

The amount of oxygen equivalent of ovrganic matter at any
time o g given as follows : |

Lt =__I'_L—— k - deoxygendation const. (base'e'] ,

|+ kt

s Turbulence

YU T

#Units based on Plug Flow ASP
s P s e A e e e S

> Conventiondl Aevation Tank . |
%, Recycled Sludge enter the head of the |

form through the length of Tank.

Influent Waste water
Tgnk . Rate of - Aeratlon 15 unt

2y Tapered Aevation Tank _
fﬂ_;r_wos’re water: s entered at the head of the Tank ¥ the |

% sypplied at:a high rate in 4y Initial zone PRE 4
Juce towavrds the end Zone. | 1
e

, Influe

This 16 better than conventlonal Aeration Tank because, the
Conuen’rionc" Aeration leads o elther oxygen deficiency in the

'ni‘“a\ zone OY wastetull  Application in the End 1one.
|

https://civinnovate.com/civil-engineering-notes/
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<5, 3y Stepped. Aeration Tank

« Sewage 1% introduced at more than one Ppt. qung he

Aevation Tank.
. Recirculated Sludge 1s introduced at the inlet.

« Aergtion 15 done untformly along the fength of the Tank.
« T+ leads to gveater decomposition of organic matter as
compared 10 conventiona! Aevatlon.

NOTE : Duving Design, cave has to be taken that endegeneous

Phase is not observed in a Tank,

Top View
@, > Qo+ Qe
<
Lonm
e
s . oy 1o
—1> 8ot Qr V77777

Let L= Total length of Flow

307 of O,

I
I
I
I
I
I

it I 1 J F'I_ ? I
."'* — Lfg h@mmtd@mmw
Jotesr

TaveveAd Aocadia.




——

e | —

—> Qo/s O b + M)yt (n1)

e
5

1 L C Miot 4 0/mi

) e
Q 5
’ l —D Qofs
= C : 557
——

Stepped Aevation Tank

il

o

Ay Contact Stabilization Tank

. The oxidation of organic matter occurs in 2 Phase, st Phase 1%

. The absorption Phase Tequires 30 to 90 minutes ¥ during this
phase, suspended ¥ dissolved organic matter starts getting
dgmmposec{. |
The sludge deposited In SST is weied returned to a vetum
5ludae Aeration Tank where the organle matter is completely
wd.aed L
Total Volume Requirement of a. contact stabilizatlon process is

PPTM-jma-rety a1d 1o that of conventional or Tapered AevaHon
a

‘Taﬂk.

https://civinnovate.com/civil-engineering-notes/
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I
5

v

)

o ~

Aetation Tank { 6
“~
= 30-90 m! >

O ub[ [:)t | . i . f I

> 0, O P | \?\/y//%
< i O/H

15t Absorption 5tage

<

= Qe

3

& |
= Return Sludge |

= Aeration Tank |,

o G Dt = 3- 6h

o (n-997) bo

- & O, . s

%

= 2nd Oxidation Stage
-2

o 2z/u/19
~w # Onits based on Completely Mixed ASP
N e S, e, R W i

-
_--a |. Completely Mixed Aevation Tank

In this tank, waste water is distributed alopg with 'retuwrned
5 Sludge uniformly from one side of the Tank X effluent is
— collected trom other side.

—+Rectangular section is divided into smaller seetion with each
=2 SecHon beipg installed With a Mechanical pevation Device .

fﬂ.wmw the help of these devices the sewage is sucked from the
e center & is blown over the surface of the waste water. Thus Oxygen
—

is  quailabe from the agtmasphere. However there is alsp a
provision of Suppy of oOxygen info the System .

11

i1

3, Lli g oo

https://civinnovate.com/civil-engineering-notes/



o I:xt&”ded Aeration Tank -

T 'S alse q cornpletely Mixed Pprocess in which long AevaHor

i \lsime, 1S Maintained due 1o which a high efficiency of decompogiipy, ™
| Obtaineq. | ™
* PST i not Téquired'as all’ the organic matter gets decomposed
e

I % s operated as Fill & Draw fype Tank .

"W ois capable of handling discharges < 4 MLD.

% AT Wsually consists of pavallel baffled Channel in oval shape.

» Thig Channels have 1§ to 1.5m depth.

- Power Consumption 1s high as wastewater 15 continuosly pumped

- In the system. - .

€ g

"\

N this Tank.

P S 3 I S R

&
|+ However extra Costls Compensated by the etimination of PST s .
* The Sludge settled in this tank 15 d‘neld!g taken for sludge .
handling. | . ¢

« The untts ave called as Oxidation Ditch or Aeratlon lagoons.

3. Sequential Batch Reactor (sBRY) o

RN

.1t 1o odopted for small plants (Discharge < 4mMLp) A it involves a
sipgle completely ‘Mixed Reactor in which all # the stages of -ASF

e W A

=

OLCuTS. _ S
. |t s popular in these Area where theie Is space vestricton
(ndustry) as ¥ atlows the gmarter foot Print.

https://civinnovate.com/civil-engineering-notes/
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= COMPLETELY MIXED AERATION TANK

L

|"‘

=] o

i

Pump In
EXTENDED AERATION TANK
4 Stages
Mt —
Fill ; Q < 4MLD

—
—
(]

173 3 5 ¥ ¥
/”\ . - . Dt 7

—1> To disposal
= L g

e
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Des‘gﬂ Data .
— o S
1he o} s (O [MLVSS [ F [HRT | G R=38 ) M(7) |y |
i WLes | M Q %
€vat Ion Tank mg/ M LSS M (]{3') (day) 0 3 !
e —{"
. -05| 85-95 |08- 1|
D Conventional | 1s00- 3000| 0.8 [0.3-0.4| 4-6 Sre |oshEs * ;I
AT -
| -0 -q5 (0.8~ |=
:?> Completely [3000-4000| 0.8 |0:3-04 4:6 | 5-8 0.:?5.08 85-9 | | &
Mixed AT . -
=
' " -15 5-1.0/956-99 |0.8-]
3> Extended 3000- 5000| 0.8 [0.i-0.1812 24 | 10 0 - -
Aerated Tank «
- ' Tession: (&
inated by following €xp |
s Volume of Aeration Tank can be estim Y .

vx = 18 (50'5> Oc
L
i ROk

Amourtt of 02 Tequired 1o be supplied  for satisfaction of Stage 1 /

Carbonaceous BOPD

‘Ozfreq," = ___@_"“___(s'il)—. = !»42@\!*‘)(11“
0.68

pepth of conventional % Completely m

Y - amount of 0>
of Bop vemoved,

Depth of extended Aevation Tank = | - -5m

. Freeboard = 0.3m

https://civinnovate.com/civil-engineering-notes/

Kk = deoxygenation const. (base‘e’)
aypplied (ko) per kg

ixed Tank = 25 10 4mw
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<> (Qperational Troubles of ASP

‘—‘.} L
. '7 Sludge Butking | |
sludge having increqs

od volume due to lavge quantity of
- Tt refers 1o
> water present in Tt

9 T4 1s formed duefo the, Qvo
i ( Nitrosomonois, NHrobaaTor‘s]

a n ncreases the ha

This phenomeno ‘
‘ Poov quality of effluent Thus )

(onsiderably.

wth of filamentous mMiCY00rganism
as a ‘Tesvlt of High Sludge dge.

ﬁdﬂng cpst of sludge & also vesutis
+ veduces the effeciency of Asp

) rj- ‘-ﬁ l'j, {_}

2 Blanket Rising

" i% des‘:gned for satisfaction

of G'a-;boﬂaceous BoD but iF some
-+ ALP

" nitrification takes place due 10 High sluc_lge Age. Oxygen gets
consumed fo satisfy qnd Stage BoD or NBOD.

¢ ntually leads to Denitrification in ASP.

of Solid veduce #@ 'due 10
ise +o the surface

~» NitrificaHon @ve
" The phenomenon in which séﬁ:ﬁabiﬂm
; denitrification as a vesul of which solid T |
_ along with mifrogen qas 15 called as Blanket Rising .

“;'f"\-ﬁ per GOI Meme Manual Sludge Bulking % Blanket Rising can
5 be completely avolded i F/M 18 greater than 0.3 day”'.

| 1 I
J )y ¢

1

) UU U

R &
\|)

https://civinnovate.com/civil-engineering-notes/
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\ Filamentovs My,
water

AN

PST & 357
B ——

|+PST s designed o Temove suspended Sollds of ovganic natuve as
' ™Much as possible. The settled Sludge in PST ie catled as Primary
| 0 Raw Sludge which is taken for Sludge handting.

*SST s designed to temove fhe biotlocettated sotid as wnuch as

irposs‘;bte to produce cleay effluent. ‘ :
|The Sludqe Settled in SST is called oS secondaty of biolegical

sludge & it IS also taken tor Sludge Handling.

i-In both these fank the conceptvation of Suspended Solid 13 High &

thus particles interacts with each other while Settling . Thevefore
Type 4 or discvete pavtlcle settling 1s not observed In this
TJanks:

Tgpef, 0‘? Sﬂtthng

*—N_—M

WJE-E Ok Discrete Pavficle Settling

when the particle do not change their size » Shape , or mass during
settling & settle “individually, Such particles ave called a

Discrete parHoles .
e setHing Velocity of such farticle 13 determing pie

https://civinnovate.com/civil-engineering-notes/
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Lo ane oSN S ———n
O EQ.@settling In the Sedimentation Tank 'n Wwates Supply Englneer‘mg_
= without appreciable ev701) due fo Jggq

- (ED Settling in Grit Chamber (

Detention Time.
-.._._;

x’ o) Type 2 oY flocoulant Settling

: when the particles arve oloser together Such that their velooity
_5> Fietd ovevlap 6achother 1t is veferred as Type 2 Sﬂﬁ“ng'

=2 This partoles 6an chemically or Physically combine with each other
% 3 Heew Hlocculate each other.

_a g Settling of suspended golids n PST, settling in Clavitlocenlator ete

e

8> Type 3 or lone or Hindered Settling

>+ In this type of Settling, the pavticles mainfain their Relative
- position w.v.t eachother ¥ whole ass of particles settle as
¥ @ sihgle unit. |

*This  gsettling vesults in significant upward displacement of
wQ ter.

+No Mathematical eg™ exists to simulate the behaviour of
Type 2 % Type 3 Settling & thus the unit based on Type 2 &

Type 3 Settling are Des\gned experimentally.

L §

uo ol v

£9- Settling ™ Settling 2one of 8sT.

b b ¢

4y Type 4 or Compression Settling

+In the bottom most zones of the sedimentation Tank, the
(oncentration of par¥icle becomes o high that the parHoles
are in physical contaet with eachother the Jower layers

- Supporting the weight of Upper layer, constquently any further

https://civinnovate.com/civil-engineering-notes/
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se"tﬂ‘mq Tesylt+ gre due 1o Compresﬂfﬂﬂ of wWhole ™mass of
p:‘r‘rm?e Which is accompanied by 3equezing O WA T
Y€ of Solids % is veferred as compression setling:

\ in P3T &
& hiS ‘fgp& of ﬁe.ttﬁﬂg 0ecH TS 'H'? the CIE,E’P' SIUdQE mass |
SST. -

‘“) 'T'_:a'pe, 1 or Dijscrete Particle Seﬁlfhg
'] 1

Vs,
‘J'fu "}4
42> Type 2 or Flocculand Sa{tling

(37 Type 3 o1 Zone or Hindering Settling

{4y Type 4 ov Compression Settling

water

/

' https://civinriovate.com/civiI—engineering—notes/
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B |

Design of PST & 55T

Lf C /J‘

1. The Design of PsT 15 based upon Suvface Overflow Rate &
~ Design of 5T is based upon surface Overflow Rate as well as

™~ Solid loading Rote:

'™ 2. The Defention Time in fhese Tank varies from (.5 Hr - 2.5 4y,
‘\3 ] \ . L3
:_Q 3.The Dia. of these Tank varies from F.5m Yo 12:5m
| z
;Q4 The Height of these Tank varies From 8.5m to 9m
| sT
I~ !
[~
[ ; o B &
! > Type2 —p 0 " . X
r '*; &
e = ) o e
T T
e
Type 4 // // Vor S, D H,
- T | : 0%
= -'j Ay 5 ) /4-
- V= G3-Dt
=
— . 557,
! L
~5 ‘
— Type 2 it
— . s5ettling 10ne
. Type 3
=
= & / // L
p—
— / TVpe 4
¥
E— vo=_8
— Ay
— SLR = Amt. of 0/m (ogded /rnﬂ/
- httg(sd ilvmnovate .com/civil-engineering-notes/
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@ Gravity Floatation Unit

From
Trifugaton Onit . Raw
® ﬁm:H.,.. Rt m_:a@i.r:n.maw_n Digester Gases of Slude
__ .:.__n,..m:mmw : =3 Decompositon
or DIGESTION or
. CONCENTRATION : s Lcks, coa, s,
CON - STABILIZATION ”
Bio SST | Disposal | = = Thickened i (65-T0ONH ete.]
Unit | sipee | Sheee CHa- Biag Bi0GA
. V27777 Boegical = n = J_ _ 2
Oy 48 + Mz 1 Tovedute water content To %835. the Temaining o
1] c
~ of Sludge . M- in the sludge Ay
f | anaerobicany _ nozu_:a-mzm
v Y S L1 of m_%ma
N e
< : —— . . PH = 6.5 -%8
<< Qe - : " Supernantant gau__ﬂﬂnoﬁ_muca
liguor e pH tonditions e
] (Lime ete.)T
(@)
Belt Press ® £
: €
" sludge ATyINg beds 5
fertilizer or PRYING or DEWATERING =
Soil impraver - . REDUCTIEN | of Sludge
i ot i To ki M/
Sludge -
L. CHLORI NATION _
To Teduce moisture 10 veduce ihe moisture of Sudge | |

ent of sludge
content of Sludge Cont g

S
T W0GE wanpLING
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Sludge Digestion

(J {J {»

)

~

In +he pYocess ot Sludge Dig%&*’r‘i{)ﬂ,ﬁ‘he incoming Sludge g.ﬁg

bTOHED down nto following 3 forms

> Gases ot Decomposition

'Gases like Methane (cha) % CaTOD dioxid e is PToduced aleng

-~ mi|+h traces of other gases like:

?

Me+hane has a high calovific value & is use as a tuel

~ 9» Sypernatant 1iquor

@ U G r',

)t IS a viscous liquid of High Turbsd:‘ry which comes o the

¥ top during the Detention Time of the sludge in the digester.
- .
>3 Digested Sludge
2 |t is a stable & decomposed mass having reduced Volume
> wsually 4 the \rolume ot digested Sludge is found ‘o be Yamd the
e .
- Volumé of undigested Sludge. |
e . |
= Gases of Decomposition [From Raw Sludge]
. 1
—= Raw+ Biolégicg_{ Sludge Supema’ran{‘r
_4  ojudge | Digester Liguor

Digested Slud ge

1 T MYy W™ |
J U U OO0 U G

)

https://civinnovate.com/civil-engineering-notes/




F(l e ‘
Cloy : _ :
N 3 AHec’crng Sludge Digestion ,,,I

i )

* To oOxid; d durin 5

X‘!drgg ﬂ')ﬂ o'rgan‘m unstable ﬂﬂid pTOdULE g tl

0 AETobiz deformation, Methane formers are essentid). L Mﬁhdnﬂt:
T \

q

"1 the Methane Formers do mot operate, It 1eads 40 further
Acumulation of acid.

*The qcidic condiions ave aveided by conditioning the sjudge with
Jime .

'.}_> Temperature

Follomlnq zones 0f Digestion ave define w.r.t Temperature.

(&) Zone of Mesophilic Digestion

- W i :
1t 15 a medjum temperature zone 1N which digestion is
brought about by common mesophilic microorganism.

The '1'e.mPETCIJfUTe in this zone 15" 25°¢ 4o 45°¢C which 15 EC[SI]H
available in most parts of fndia.

‘B Oy ) @ Y (D 4y &Y Y 4 A

(b) Jone of Thermophilic Digestion
— W

7t 1s a high temperafure zone in which digestion is b*mughl’f abou

iy O Y OO)

by heat loving Thermophilic micro organism, c
The ftemperature in this zone Is 40° to 60°c & thus heating -
clements are used fo @eed Yalsed the temperature. ¢

| C
NOTE * The units working b/w 40 to 50°c have higher operationa |
Tost but 185587 e ¢

" e

) https://civinnovate.com/civil-engineering-notes/



™ 35 Seeding with Digested Sludge

e
-
!

-

¢ &

»

¢

¢ ¢

© «

u

‘ @ O <

il 1]
Bﬂkkux}-tlu,i,{

||1

11

i1 W
L

(S}

b L U

*The sludqe digestion Tank can be seeded with digested Sludge 4,
ensure syfficient quantity of microorganism in the system .

“9+ Tt the provision for vecirculation of Sludge

as high rate sludge dkgesex digester & If
called as Standaxl Rate sludge Digester.

Sludge Digester

|

T

J Dy

Seeding , .
iDiges’ged slllr_xdge

fs providat, it is calley

no Provision , i+ e

High Rate 5ludge Digestes

Raw + Bio

Sludge

__/frrw

Gases of Decomposition from Raw Sludge

Gases

5u perna+aﬁ4

Ed //)fn“/a’f///’/;,r////x‘}

ACTIVE 10NE

DIGESTION ZONE

(ThETma”y Ensuiaﬂd)

/ To PsT
—— , Elemend
Feeder

https://civinnovat .J:mg—notes/
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j} Dig, . 6-18m
3 ‘
‘}He'gh’c c 6. 12m
‘?'}Dt

= 15~ 30 days ( depends on Temp)

Ve [v. - 35 (V)-Vz2) Di]

Vi = VoI, of Sludge fed /day
Va = Vol of Slude wthdrawn / day

5> \¥ Monsoon or Winter storage 16 consideved

l\; = [v,’ - 32- (V}"‘Vl')] D.L -+ ‘JJ T-‘

T — No. of days oF monsoon orf winter or both

;#:M‘m‘“ Energy Production in Sludge Diqe,sﬂm*‘r

. To obtain +he win™ enerqy Pproduce during sludge Digestion,
"ty the Raw Sludge Sollds ave considered.

, Out of all the Solids that come Into digestor from PST, FO7dve
onsidered organic & 307 ave consideved Inorganic.

out of all the ovganic solids, 657 gets converted N0 gases A
.35 v, forms the diqeered Sludge.

+ of a the qases produced, 65 t0 307 T methane, approximalely

. DU
i 15 carbon dioxide & the vest are The -traces of other gases .

gt -
e Volume of methane 18 04 ™ /kg at Std. Temp. K Pressyre
}-

https://civinnovate.com/civil-engineering-notes/
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Raw Sludge

777/ L LS s

3olids + Water
(100 ka)

1 r 1
307 Inorganit *#0'A Ovganic
(30 kg) (10e kg)

! !
> 6. The & calorible value of methane s 8600 keal/m o ﬁ

36000 KI/m?.

_ » 357. wi — Digested Sludge
(0.35x%10) = 24.5 kg

35 657 wb. — Gases
(0.65% 30) = 45.5kq

65 (wt) - CHa (45.5 kg» 065
= 29, 5% kg

s1P (0°c, | atm)

L

Vs = 0.9 mg/kg
[ S Newa = 29.59% 0.9 m? = 26.6] m3]

|

Energy

36000 KT/m3

W

‘. Energy = 8600 KCah/p3 a6 o)
hitps://c vm vate.com/civi
> 36000 Jm® % 26.6] m

fl'
307 - CO, Tracees of other

gases

1 al.=4.184 T

mj} isnea,aa 10 Ktdl.

ering-notes/

= 9.57 %105 k7T



E

¥ No. 123 (ws)
@5§>

pST

"‘_"—-——_.____)_ T].ES = 60‘{"
S8 =380 Mgy Raw Sitj}ige/
L L

Sludge ‘
Lll ’ organic (#07)
! Wl

solids - ‘ o
e (450 kgfd)\" Inorganic (30%)
' (g8 ka/d )

Qo = 5100 1

525 K4/4 X065 ]
as | . 34).25 K9/d

Q\F:j : Gds = 1:04 diges+ed Sludee
EhETgU=' Sc - g“fu '

MG= a2 7
Meoligs = ¥50 - 341:25
= 408.95 K/d

<0.6 % 5% 10° 44

5(=47%
MC= 46

‘ = Gps= 102

oo settled/day - 260 ™9
106 mg/kg

-~ :f'50 Hg/cl s - "

| Total aty- of

. 350 K9/4 x 100 - 18%50 K9/d
M sludoc PTadUGEd /dag 1 / =

| 1.02 = ”51*19‘-‘] x
| Vsludge Sw

. l8ts0 ¥
Velud ge % 1600 k5fﬂ'}3

—

\ Veludge = 18:38 ™Y =V

https://civinnovate.com/civil-engineering-notes/
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>\, = Volume of digested Sludge withdrgwn per day

-

B Meoiias = 408.5 k9/4 in digested Sludge

T

:H; Mdigested Sludge = 40835 K9/d x 100 < 5109. 3#5 K3/
8

R

Ggs = 104 = Meig- Sludee )

R

Velig- Sludge Sw

5104. 315 kg/d - 4.q] *rﬂ3/d =\,
——
Lo4x (000 Kg/m3

V digested Sludge =

Ry FAIR ET Al” Formula :

v |ig3s ™ -2 (18.38-4.510{};] x 16d = 41m3
. d 3 :

5

‘ =2.28x10
resent in yaw Sludge, min™ energy producd

tor |00 kg solids P kCal,

U U G € Gty Uy o € \r".

= .28 x 10° kel x 350 K3/4

K lids, energy pvoduced
e 'P = 131 x10° keal /g

"

o

* Waste Stabilization Pond/Oxidatiﬂn-'Pond

i]i'.ri_

- Oxidation Ponds ase low cost ghallow eavthern basins which
ave used to decompose the organic matter pyesent in the
waste water.

Oxidation Ponds are classified on the bass of depth as follows.

J

Foul Gas
| A+ -

\ “EC'; AEROBIL 1-1.5m @2 /
0. 0

https://civinnovate.com/civil-engineering-notes/
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% ! Ay

ANAEROBIC POND

75m

l

1:5m-5m
.-:"Ih Totally Aerobic Pond of Shallow depth, the decomposifon
' a which flurish in dhe

wl

FACULTATIVE
POND

€ A D B I“I

IS brought about by Aerobic bacteri

presence of Oxygen.

JTheir existe a mutual velationghip bAw Algae & microorganism

| present in the pond which ic referred as Algal Symbiosis .
[.Algal Symbiosis is a Phenomenon in wWhich Algae by growing 10
| presence of sunlight produces oxygen due fo. photosytheds & this

| oyygenis utllised by microorganism o decompose the ovganic

mater present in wWaste water.
« gnd  Products of decomposition ave ‘useful *Fﬂr_#he growth of

 Algae.

NOTE = This phenomenon 1s obsesved only in the pregence of dunlight
sunlight

meat (¢, N& P)

4 ¢ L ST ¥ Y »
T r SRR S | | R ST | —7— 7

By products C
ED:"_',,', HCOS ,

:ﬂETO b\]c_

AL F 3
1 7 =

https://civinnovate.com/civil-engineering-notes/
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ey
- '

M (0: + H0 == H:(03
@ B0, —— H' 3 HCO3
® nco, ——— H' + 03

@ (0% + H:0 == OH + H(0s

L)

£,

¢ € &

it starts consuming

. n Alaae atows in large numbers,
= o +o which accumulation

appieciable quantity of bicarbonate due
increases the pH of the water presens

tex body 15 infested

.
Y

o trl.; (1

of OH ions fakes place: This
in +he Pond ( Reacton '4’). Thus when a wa
with Algae , 115 pH s usually observed t0 be greater than 'a

&

'

&

Design Data

i) () <

€

> Oxidaton Pond is installed inconjunction with Screen
2y Depth of Pond 3 1-4.5m '

<

q

r ]
T

J

§>_De+enﬁon Time 15 2 to 6 weeks

4y Y/p Rato 5 2 to 4

:5> Avea of each unit 1S 0.5 to § Ha,

&y It is fo be adopted For domestic Sewage only.

T E] 1
L Jd ) g

— 4y Tne surface Avea of the pond is computed by organic &ad
loading Rate (oLR) as follows : :

OO 0B s

https://civinnovate.com/civil-engineering-notes/
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Latityde Maxm oLR (kg of 80D/ha/d)
8° 325
(20 300
16° 215
20° 250
24° 2485
380 200
32° 1% 5
36° 150

8> Freeboard = 0.3 m

d> Detention Time can be found out by foltowing &4

Di= L In E?Ei
[ BODe

1t > deoxy. const. ( base e)
BoDi — influent BOD
BODe—> effluent BOD

OLR /ol = Kg of BOD loaded onto the pond /day
8.A of the Pond

https://civinnovate.com/civil-engineering-notes/
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Po No. 128 (w8D .

6.5_8> Popmaﬂon = 20,000
q = 1504/¢/4
BOD Whw = 150 M9/}
- The town doesn’t have any source of power, oxidatlon pond i,
preterred.

1.8 ¥ 150 {/e/d x 20000 ¢
5.4 x 10° 4/4

if

Max™ Daily Supply

"

Assume that 807 of water supplied gets Converted 10 Sewage

Max™ Daily Production of Sewage = 5.4 x 10° /4 x 0.8
- 432 x10° A/4
let oLR = 160 kg./hq/d

150 K9/ha/g = 150 M3/1 x 432 X 10¢ 4/
10° Mg/, x Surface Avea required

SA = 4.32 ha.
Provide 5 units of 432 p, =0.864 ha. ) ..Aveais bw
5 0.5-1 ha. It i Ok

.3
B
L= 3B
3p? = 8640 m?

B=53.65m

L= 53.65 x3

Assume He=15m
V=LBH = 8640 m2x .5 = 129 60 m3

https://civinnovate.com/civil-engineering-notes/
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D X f
| e"‘Enﬁ-]On Time of eqeh unit »

By & _iL " __Efiée_-:ﬂﬂ—”‘ = |15 day s
C]

3 3
[‘L‘.""ﬁi@ '”/d)

5

A AR A A

('\

Lo ey betwenn

[ Dt js between 2- 6 Weeks.

«

design 18 OH]

Final Dimension’

r = —T
‘ . ) = b5
‘, % Freeboard = 0:3m.

-i Pg, Np. 127 (WB)

m o M & &y oy €Y Yy & A

Q. 506> 2000 0 n T
2000 W N ¥
BOD & BODe
D = L In [_@EEL
k BODE
"‘_j'a.l..-a-— »
kiﬂua = Ot?}d
Kagoe = 0,34 Ciso‘q':f):‘hjo
* 0.364"

e fr, [ 2000
0,36d" 20
S Dy = 123 days

https://civinnovate.com/civil-engineering-notes/
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Vo

) A

-_l
SN 1

JEPTIC TANK 1
+ which works in absence of !

‘ I Anaerobic UNI
RApHE Tank 1= an ctly fed into these +fank ip

s dire
oxygen. The Raw 3ewoge is v ‘
which +the solids settle down pesul¥ing in the formation of Sludge,

i vent Pi
Vatious qases of decomposition a¥e released thvough d Vent Pipe.

It is Deéiqned Yor a Maxitmdm 0

£ 300 people

) - 50 Ye/d,
2> The Rate of flow of Sewage 1% taken as 40-10 /d
. i ludae is 30-%04/¢/yr
3y The Rate of accumulation of Sludge |
4y The Detention Time Tequired 10 +he settling zone is IR -36 Hus.
;> The optitum Cleaning interval js 6 -12 morths,
ey L . 2104
B B
7 The depth of the Tank & im to am
3> Free Boaw =0:3m
ic Tank js found as follows : .
dy Volume of Sepf T
Vent
IManhore
E m
. 2 , o
/"
I g
iy = W =
Prain
Sludge @

https://civinnovate.com/civil-engineering-notes/



YOly
Me of s1, ya=vi+4v,

' Volume of Settling Zone

\
* 7 Nolume of $ludge 7one
Vv,

= Rate of flow of sewage x Detentlon Time req,uin’id
Va

= Rate of 7t Aar,umulqi-ion of sewage X Cleaning Interval

‘The et fluent of Septic Tank is (deapased disposed in the dvains which
Oltimately delivers water in Soak Ppits or dispersion Trenches

+5pak Pitt qve deeper as compa¥e fo dispersion trenches but have o
smaller surface Avea. These arrangements are made Sufficiently
permeable 30 as to allow edsy percolation Into the g_round water.

» The maximum vate of applicatin of Sewage effluents Is given by
Following empirica) equation

@* = aj?j' WhETE, @‘#’ = -L/mq/dqy
t

& 1 = Peycolation rate in min

Pevcolation Rate = it js defined as Time taken in minute by water
Jo seep info the ground by a distance of 1 ¢m.

The gyrtace Arvea oF Sogk Pit or Dispersion +¥ench required ig given
by

’fﬂ'lhkm
Sz SA of SP/pr = Qo Cp .
'(5;‘ e"ﬂﬂla'hon que o ’
Infiltration
Rate
https://civinnovate.com/civil-engineering-notes/ ,)
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Dyspersion Trench )J }( )A

il
].‘

Pq.No. 128 (WB)

Q. 55> L o #was
B

liquid depth =2m

Population = 300
g = 100 L/¢/d

Max™ Daily Demand = 118x 100 */c/4 x 300¢
= 54000 Lig
Assuming there is Mo dlternative treatment method available.

5400044 % 0.8
43200 +/4

]

Design Discharge into ST

il

N = QD
= 43200 4y x 34
= 129600 L

* 124, 6 pfitps:/civinnovate.com/civil-engineering-notes/




f

A5 R gy = 120,6 ™3
. B= 5'361‘0

o, '

n

_ 2 = 86.4m°
_,..__-ﬂ—é\f: =129.6 X 3 86

V7777777 B e

. = 0.04 m/efy 300 ¢

=12 i‘“?’/y

Rate ot Pyoduction of Sludg

B2 - 36y

y 1atna Yhietval =
Cleaning / destudging in 2 ™,

432004/d4 . 432 m*

100 /104

TMOFF TANK
il

Imott Tank is an anaevobic unit in which settling &
Digestion ave carvied out in 8 ditferent compariments It Is also
called 0s Two Stovey Tank in which: settling is carried out in
the upper Storey & the Digestion of Sludge s carvied out 1N

the lower Storey

. The Gases are collected from the Top ¥ used as fyel

. |t can be used for commevcial Treatment.
(3 16 able O handle +luctuation.

|

£ O O £ &

N0y Yy £y £ A

F O T o o W o S e S o WY T e TN o W T e N i TR 0 TR i 1

N T

The Turbutence in the Settling “one doesnat effect the Sfudge j

Zone.
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i Gases of Demmposﬁinn
il

5ett] ing
Aone

D74

Ahaerobic

!

!
!
!

/777774

\ 5ludge Zone
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\EDESIGN OF SEWERS & SEWERAGE SYSTEN |

mEAaEEKEENF

|

N BN

L
Mim system Collection  System “
b FI'O . . —

W is under Pressuve > Flow ) under Gravity -

) ‘ d
Cﬁnﬁeﬁ‘qu{'ion of Suspended Q\) COﬂGEﬂ‘TTd"ﬂﬂﬂ of SLISPeﬁded d
Solid 15 less golid 1s very high. d
3> Wear & Tear /Abvasion of 3> wear & Tear of pipes 15 more.
Pipes is less s
‘b Materiq) of Pipe can be 4> Materiql of Pipe should be :
Telatively less havd - move hard. 3
&

' lon System ¢

X Sequence of Steps for Constructing d Collection SYSTEM .
> Marking of Alignment .
2> Excavating the frenches ’
3> Bracing the sides of frenches a
4> Sealing of Surtace -~
s> laying of P. 6L v
- Pipes i

&> laying ot S
> ? ; +— Air Test (For large
7y Joining of FIP™ pires) &
% cheoking for leaking — Pressuve Test — E
\ — water Test ( For smal)

gy Fill +he Trenches | v Test el
> Tl the Pipe 3

—>theck for leakage *

https://civinnovate.com/civil-engineering-notes/
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Types of Sewer Systems

| ¥

> Sanitary

* It cavries the sewaqe produce from Domestic & Industrial
Activites.

2> Storm Water System

« Tt cqrries the surface rvunoff developed duving the periods of
Tainfall . It is usually open & suvface Tunoff enters divectly
into it |

» IF Storm water System js closed , the Rain water can enters +he
sewer thvough various opening such as at sides oF Pavemends,
Footpath ete.

3> Combined System

- It consists of a single sewers of larger diameter & carries
domestic & industrial sewage along with surface vunoff.

» Sepavate Sanitary & Storm water sqﬁ‘rem-.'r«s provided in the area
of High Rainfall usually more than |50 days.
' A Combined system 15 usually provided in the avwas of less &

modevate yainfall. Tn such area ombined system becomes
Gtonomical because a gingle sewer System Severs duql system,

« Civeular sections are mostly adopted as sewer but other section

_ 5Uch as Rectangular, square, y- shaped, Egq Shaped sewer can
also be used.

» The Civcular section 15 preferred because

® 1t can be manutactuved very easily
@ 1t s Hydraulically move efpicient .
Can be joined very easily.

https://civinnovate.com/civil-engineering-notes/



D J8Nerate 4 yminimum velocity even at low discharges or
| Pro
f Vide a Egg Shaped Sewer.

" Ta9 Shapd Sewer can be used which can generate suffident =
Velocities at low discharges.

’ Howe\.re,x;, egq shape SewWers sukkers From following Disadvantages.

| geher N low flow Season cireular seation are Not able -
] C.hOCG}E SUFFlclent veloehy due to which the sewer may get &
e ked., Ae a vemedial measure the sewer are either desighed ;

il
{i

@ It 18 difficult to manufacture.
@ Requires more material.
@ Unstable

@ A Smaller base resists the weight OF upper broader secHon&
Thus crushing Stresses ave high.

yany

i
N
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l“‘:’)f Maximum & Minimum velocity in Sewers
—

ix‘,; * The velocity of flow in the sewers should be Such that
[~ Neiher the suspended Solid in the sewage gets deposited nor
v the sewage material gets scouved.

| >« The 1t mp limitation limits +he minimum velocity & 2n9
[~ imitation limits +he maximum veloeity.

O o The minimum veloety 15 called as self cleaning velocity
‘H‘“«D which depends on the suspended Solid prevents In the sewage.
e O Indian condition , a minimum ve LDC,Hy wof 0.8 M) is

i 3ufkicient +o Flush sut most of the suspended solld pyesent in

f sewage. |
~ « Maximum velocity is called Non Scouring veloclty which

depends upon the material of sewer.
« As pey G.0.1 manual, Vmax for

A - 1 —  3-5-4.5 M/s,

L CC/RCC —> 2.5 - 3.5 ™ /s

. % Shield’s Se)f Cleansing Velocity

ol

> As per shield , a minimum horizontal velochy should be
—Z maintain fo keep o Particle of Dia. *d' ¥ Sp. Gravity ‘65’ In
—2J  5uspension

N ; :

- - r\mein = Vaerf = Cm '
s d — diameter of Particles

e Gs — Specific Gravity of Particle

= ¢ — Chezy's Constant

-Tf K ﬁ Shield's constant (dimenaionless)
= 0.04 - 0.08

o

https://civinnovate.com/civil-engineering-notes/




Assuming the L
5 — Bed Slope {smpe of TEL = Slope of HG

Hion
\ > Flow velocity at the sed

Ing’ tant
n Manning's ons
Manning's Roughness J

no §

R —> Hydraulic Radius

R - wefted Area &

A
wetted Perimetey P

3 — Slope of TEL

Flow 15 %eadly ¥ unmform -

= Slope of. Bed

¢ASE I + Full Flow Condition

=R= Y4

cASET o Halt Flow Condition

U-H_-"""'"'-

R="0/g

https://civinnovate.com/civil-engineering-notes/
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29 /lf/rq.

4 —>Actual Flow

5 _qf Parameter
> Fyl Flow
Parameter

:} O- =ax (ﬂ Ga’{:’d‘> - aT(ﬂOarbtd!)

x |

o ar (Aoarcd) = & x A’
= C 360 4
thfl .

. oy

A — 360° 360
P ar(poab'd ;) =2x) xDP cos D sin®
o ? — A 2 3 3 Y
. ' 9 -~ ﬂ'D? .

5)n 20k = 2 SINTA COSTA = cos_ii 5'“%

2 https:/icivinnovate.com/civil-engineering-notes/
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= A dind cos &
Val 2 2

= A sind - Asind
il 2 ox

R
i ﬁr = O/P
S
¥ = O/A
. R P/p
_ sino
L = [“/éso S
R v
% Aeo

O 'y T3 5%

| — e

‘ V I/N Rija 5%

i§ sewer 15 same, s5-5 & n=N

R

g o .1_]%
N R

W 1. :[i][i]

@ aAvV (AJ|vV
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L |

L

J

L]

L ) Rl €

b

AR .

TUTUIUMITL L L

" Pg.No. 119 (w8)

918>

2}3
22 5=
8

——

= -3 3
9.63 x 10 '-‘"ﬂ/s

=4.63 L/,

Pg. No. 119 (ws)
Q.19

0.08 = [*'_"'_‘3’5L
8

—

)G

0.013

"[

@ha]!f 'FU” = @*ulf

Vhate fun = Vran

2

g = 0.08 ™

S: 5"'.! =-__5m______.
|k 00O

N=00I3

9,5
2 1% 2
4] 1000

J'

D mtpa:{/c‘m 5&0\‘{2@.com/cwlI—englneerlng—notes/



s 2
Ve Lo [ eanre) L5
0.013 i 1000

= 1,196 ™/

Pa. No. g (wg)

Q.20
=> i:l(i_ws%]’OB’
D
k= 132.8° ]
. & _ sind %
4 [ ﬂ} 360 oA
=0.195
Pg. No. 119 CWB>
Q.21
8
8 -q
__(il'__ = hak
q
2
a j __Di < 81D oA /s
v L0, SN |58 an
360 e
S AL TR /gde
ok = 1427 84° |
Y [\Lm_sq _gip (1ga.sH)y
_— 360 AKX

= 0.757
142.84
https://civinnovate.com/é@iIegngineering—notes/
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£ 3/ | g

e v, {L} > (0.359%) ° = 0831
F‘ AY) R
l--:
g~ Pq.No. 11q (WB)
< accomodate Fluctuations
. fg.ﬁ1> TD

'_“’ %—= :1_-:0-?5 y= |
B - Design Discharge 2(q) = 4% 0.8 (36,006 185 1/e/d)
: ; q = 15,552 x 0° 4/d [ M 34 Deptn
. ; Q=AxV
<
I 4. (1-cos &
..'.. = D =2 >
e g eimy
=— - 1.6 =) - st
2

—
= T cos _ﬁ;\_ =)~ 1.5

— = | |

. S .

IT‘_} —Qﬁ-\af}-ﬂ S ook= 240
l. - https://civinnovate.com/civil-engineering-notes/
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— -

23
5 (: - S}n"t‘} x { ( Wago - S"%an)

- %0 % /360
|5, ¢
5 SS} x10 = 0.804— =« [+ 13
Q
3
Q = 7<1-%10° wely Q= (052 0° "/d
52 x 10
@= {1.0 ¢ mgys
86400
Q= 0-19% ™/s
Q= AxV

0-19% = A p*y (_'_x R%xﬁy{l
4 n

% /360
Y 5'__[2— R=05 4 1.206 = 0\S
R4 3
2/g \a
¢ L ox (0015) x(—‘-3
0.0! ans

‘4 \}: 1,15 m/5
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U

P W VUV OLVLOLOLLVLVOLOLOL OO LVUL W

Pg. No. |16 WB)
8.2

—
=

q=# 1328 ™/4

z
g= 70,1 (D) %
4 n 4

s

JMZL[E " o

M (R 2
4 0-015

- 0.05 ™/s

= 4320 ™/

B o TERE o4
4320

3
d .04
D

d=0.4x023
=0.12m = 120 mm

Ve 0.3 (From G'rqph)
£
V=09 xV

. | 2h
= O.:] ¥ - [GHB ne _1_
0,015 4 J 280
=0.49 v 0.5 ™/s
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T SEwkr prggp
‘-‘-‘_-"—"‘—-——-—-—-——'
|
? 20, of cupplied water gets converted 1o Sewage.

Q "
> SEW@T& arte never designed to Run full
“UCJFUGHGM.

< D
D
.-_-_"_‘—-—-——
2 .08 D < 400 mm
D
i - 0.6% =2 400 mm < D £ qoomm
D 3 :
D 7 Q00mm

.é—- = O'%Bsi .
D 4

| 3> Sewers are desighed to rry maximum hourly flow & qre
checked for generation Ve af minimum hourly flow,
o x Avg. Daily Discharge

4 Maximum Daily Discharge =
[ng, Daily Disahﬂe]

Maximum HouTly Discharge = 115 % 2%

24

"

Minimum Daily Discharge % « Avg. daily discharge

2 5 Avg. daily dischavge
3 — FA

Minimum Hourly Discharge = x
24
5 CRoWH
—_—r
o |
e : Backward flow
N W geanall
BAse ' Sewaqe

https://civinnovate.com/civil-engineering-notes/
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6> Sewer layout Manhole

EO
z BRANCH
=
o iy
=
W
MAIN [ TRUNK SEWER ({ O 0 to STP

Dvop  ———— large in size
Manhole

¢, 1% M s facililated by dyopping inside
the sewer. |
() Manholé

L Easy cleaning,
inspection & maintainance
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12. NOISE POLLUTION

e QiY qct of 1981 includes noise as ONe of +h§ air pcrllu&ﬂn’rﬁ,
Sound N the environment 15 caused by vibraHons 1D .H:}C’ arr
thag Yeaches Human eavs ¥ generate a sense of hearing,
Noise ¢ defined as unwanted poliutant which de produce
UDdesivable physiological & psycologinal effect nttbp in the
iNdividual by interfesring one's social activities like work, Rest,
SIEEP etc.

} ' . n %
NOTE : Nojoe is slbjective & Transiant In Nature

% Sound & Its Measurement

] Pmin = 20 HPa = Pyms,

Tenin = l07% Wip*=T,

Sound Level - L

T: (0010 [%}] Bel (8)

-

[ = 10 logw [_I_) deciBel (dB)
To
T
1= P I - Intensity of sound (""'/m=)
P
§. P = 700t mean square pressure (Pa)

8 = Densy of medium

¢ = velocity of sound n the medium

https://civinnovate.com/civil-engineering-notes/
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L = 1004 L_"'"'“ J 8¢
r‘:nlsa /‘}C

L= 2 1094 _F"L.nl_____ Be!
Prmse

Ll 20 !ng [

P rms J deciBel (dB)

FTTI'I Yo

Addition of Sound

> 50dB t 50 dB

- %BOdB = 20 |

09w [_I"T:]
0

[ =10 Wt

Ifo‘edl = L i £
= ax10?

L= 53.01 dB

NOTE :
xdB + xdB

@ 50 = 20 log, [h]

Prms = 632

Tiot) = T1 4+ T2

W/m:

= (X+3)4p

20HP

4.55 M Pq
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e

—

& L a¥ R
PTT‘I’I& *a*a] — Iga:q.552+ 532!‘.552 = eqq'q a

! P

L =20 !ag.a [M.}
20

= 3.0 AB

fv i

r

;r> 100 48 + 90 dB

P

P

!

e I
I

I

|

\

ey v &

@ 0048 - lomgw[L]

107"

I_'I{Hﬁdﬂ' = 'OHQ w/m:

'

Tqode = 0% W

¥y ()

Trotar = 074 107
- 0.0l W/w

[ 2 10 logw {0'0” &
1o

= 100.4 dB _

|
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.—-' 3> 50 df + 5048 + 50d8 1

r- Yotal = 3% 10"{ W/m:

L= 10 10gi [_'s’_ﬂ_?_f_]
10"

- 4.1t 48

age ¢ x dB 4 xdB
-(xt4%)db

s

>
=1
imi

E

Avevage Sound levels

—

- Y
1 or lavg = 20 loge ?EF(Z 0 "/"‘")}

ln = nT" gound level in dRr

Equivalent Sound Level (leg)

a5 +he constant sound level which over a given fime
sound levels

AT

leg 15 defined ‘
produces the same enevgy as is produted by flucctuating

over the same line.

1 %757

LA S L O GO A O o O O G

HER Ln
Leg = 10 loge { 2 10 o oLy

n=l

| "™ ™1™

Ln =~ nth sound leve) in AB
tn = Time duvaton of nth sqmple expressed as a Fraction of
Total sample fime.
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y‘% Sound levels with distance prom the Source

i

L

: 5: Souvce
E = 0 0 Observer
PRE——————
Ra " 0 l
L2

o
'

Ln Concept

& o i 94

The value of Lnv wilt indicate the sound leve! that will exceed Yor

N+, of +he gauging Time. h:
C

Maximum Pe‘rm‘filbm Noise levels X

' , b

Cateqory of Area Day Night 1 :‘
Industrial Area 5 - 30 ::

Commertial Area 65 55

Residential Avea 55 45 ;
Silence 7Zone 50 40 ;

%
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