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© Sanitary Engineering

4th Year Civil - Public Works

Water Treatment
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- Chemical Sedimentation

- Sludge Removal

- Solved Examples
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Theory of Removal by Chemical Coagulant
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Coagulation is the destabilization of colloids by addition of
chemicals that neutralize the negative charges.
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> 1- From Low Lift Pump.

)

2- Coagulate addition.

3- Flash Mixing Vicume,
4- Outlet Weir.

5- To Sedimentation Tanks.
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coagulant b
added

coagulant forms precipitate and
precipitate, trapped impurities

trapping impurities settle to bottom
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COAGULATION CHEMISTRY

SETTLING QUT THE SOLIDS

1) RAWWATER PARTIQES ARE MOSTLY NEGATTVELY CHORGED.,
THEY TEND T REPEL EACH OTHER, AND STAY IN SUSFENSION,

2 15-30 FPM DOGE OF ALMINUM SLLFATE CONVERTS ABOT HALS
OF THENEG (-) PARTICLES TO POSTTIVE (#).

3)  THE CPPOSTTELY CHARGED PARTICLES {+ & -) NOWATTRACT
ONE ANOTHER AND FORM LARGER, HEAVIER GLLMPS OF
PARTICLES CALLED FLOC. ANONICNIC POLYMER 15 AQDED TO

4)  FLOC SETTLES TO BOTIOM WHEN SOFFICIENTLY HEAW, LEAWNG

CLEARER OR “CLARIFIEDY WATER ONTOP,

The seithed parti s, row
called sadpe, 6 ridvaned
ot fy the drylog beds for
oAl

& NEGATIVELY CHARGED PARTICLES £ POSITIVELY CHARGED ALUM IONS
@ NON-IONIC ORGANIC POLYMER
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1. Chemical Feeding
- Chemical preparation  4—— bl salall juiasd
- Feeding method ( Wet - Dry ) 4l 5alall 2dL_af

2. Flash Mixing s —all p—Jaiiall a5 il lasial g y—uall o il

Flocculation 4 o idldyiay
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Alum (aluminum sulfate)( Ll ) Afldl 2 s ia gV il iy S
Al,(SO,) + 18H,0 Ferrous sulfate jsi—adl S5 »S -
Ferric sulfate <o sl 5 S

Ferric chloride ¢hasalla o )ddS

Sodium Aluminate s s—all il -

Alkalinity ) aa el J daii oLl o Jolii Y Gy yall 3Ll
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Polymers <, adadl

The Purpose of Coagulants Aids «—jill 4 sal Bacloiall 3 geall o ciagl)

e |[mprove the toughness of flocs Caa il 4 e (e
e Increase the flocs size il sastaly)
e Decrease the dose of coagulant ¥ s yall de (e s
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Methods of Coagulants feeding in water treatment.

1-Dry Feeding  4—Llla__ )
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1-Wet Feeding  a—liadl 43l

J}IMBJML: § 4 )\M‘EALAJ\ML_M\‘;._'.M-
L..,.ﬁ.:ﬂ_).lal\ o;m\...g\}o (o =

Bl _adlie pll 8. Sail A

olsall 3 A dlaskliaaball Lyl sl aaly )y [2)
‘\__.33\.3&.5&“ 3l all JJJ;A)J——*&SU‘J‘A}Z‘—L..JH1 ohmc KN

By Bntiaie Liquid
— — —| Coagulant

osing
Pump

[ S—

To
Folcculation
Process

Flash Mixing Tank | Jds N

T From Raw Lift Pump




Coagulant Reactions

ALUM
A1:(S04): +  3Ca(HCO3); o> 2 AOH)y +  3CaSO; +
Aluminum +  Calcium gives Aluminum +  Calcium +
Sulfate Bicarbonate Hydroxide Sulfate
(already in the
water to treat)
FERRIC SULFATE
Fex(S04); + 3 Ca(HCO:); o> 2Fe(OH); +  3CaSO4 +
Ferric +  Calcium gives  Ferric +  Calcium -+
Sulfawe Bicarbonate Hydroxide Sulfate
(present in the
water fte tront)
FERRIC CHLORIDE
2FeCly + 3 Ca(HCO;3); o > 2Fe(OH); + 3CaCl, +
Ferric + Calcium gives  Ferric +  Calcium +
Chloride Bicarbonate Hydroxide Chloride
(present in the
water to treat)
FERROUS SULFATE
FeS04 + Ca(HCO;); crnenn  FE(OQH)z + CaS04 +
Ferrous + Calcium gives  Ferrous +  Calcium +
Sulfate Bicarbonate Hydroxide Sulfate
{(present in the
water to treat)
SODIUM ALUMINATE )
2 NaxA 10, -+ Ca(HCO ) oo™ & AWM 4+ 3 NpxCO, 4+
Sodinm + Caleium gives Aluminum  +  Sodiam +
Aluminate Carbonate Hydroxide Carbonate
{present in the
water 1o reat)
NaxALOy + CO: e = 2 AI0OHn  + NaCO;
Sodium + Carbon sgives Aluminum  +  Sodium
Alominate Dioxide Hydroxide Carbonate
{present in the
water to tremt)
NaaAlaOy & MgCon oo = MuAlO, + N ﬁz(,‘,(;};g
Sodium + Mugnestum gives Magnesium  + Sodium
Aluminate Carbonate Aluminate Carbonate

{present in the
wagier (o treat)

6 CO;

Carbon
Dioxide

6 CO;

Carbon
Dioxide

6CO;

Carbon
Dioxide

2C0;

Carbon
Dioxide

6 HL0

Water




Using Jar Test 4———ibasli dalall de a1 aaia 5y (oS

Steps of Jar Test

® 6 vessels each 1 liter put in them different coagulant doses.
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e Flash mixing for 30 sec. (100 - 300 rpm)
e sl i u*qumijb3OaLA@Hu.L.__thddncM
4 mm“b 34 300 Lg__]\100

e Gentle mixing for 10 min. (1 - 3 rpm)
Gar S A O ysde g L8010 50wl ey o8 (e o Sy
sl 84 5‘35-‘;‘ 1

e Sedimentation for 30 min.
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Get removal efficiency for each vessel, then plot the
relationship between coagulant dose and removal efficiency,
and then get from the curve the optimum dose at maximum
removal efficiency
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- Flocculation
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Gentle mixing (flocculation) provides a period of time to promote
the aggregation and growth of the insoluble particles (flocs).
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- Types of Flocculation

1 - Mechanical Flocculation
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2 - Hydraulic Flocculation
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 Vertically baffled tank
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Factors affecting the Coagulation Process

e \Water Temperature

e pH of raw water

e Coagulant type

e Coagulant dose

e Total suspended solids in water

e Mixing method and type (mechanical or manual)

(12)

e Coagulant feeding method ( dry or wet )




Design of Alum Solution Tank

-
h]

Alum Solution Tank e—w (s 843l ania %

SIS Al Mase aia

Design Criteria

e Alum dose = 20 : 50 gm/m? ( take it 40 if not given )
e—utid  dlhaSlisalallde ;A

e Conc. of Alum solution =5 : 10 % ( take it 10% if not given )

Jodaall i dhalisalall i i G aad el salall 3 S5
e Y of Alum Solution =1 : 1.07 t/m? ( take it 1.05 if not given )

e Number of tanks = working period / 4—3 il cilelu dae

ed=1:3m

Design Steps of Alum Solution Tank

Calculate Volume of Alum Solution per day V1
1 :Aﬁd<<4: f:\“dSSQQe_»

100 1 6 -
= Ui Oy gl 5
V1 (Qammx DOSae X 5:10 X Y X 10 Sludge Estimattjioanzg
e gm/m 1/conc weight to gm to ton L‘“)-‘““ AlS
volume U
Volume of one tank (V2) = \r/1_1 ©

where n = no. of tanks = 3 if not given
V2=B2d
Assume d =1 :3 mthen get B
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Rate of dosing = Q = Volume of alum solution / day
= Q = V1 / Working period

Design of Flash Mixing Tank
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Design Criteria

e Retention Time (RT) = 30 : 60 sec

w5 o da N Floes Gaall b WSBY A i @l e s 3 Y e
ed=15:5m O

en=1(takeit1)
® 50 sl a e 1 3AY 0 5S0 F (Sadll (0 ©

e |f circular, @ < 35m

Design Steps of Flash Mixing Tank B

e Assume RT f\
e Calculate Volume of Tank=Q XR.T.

e Assume n=1

e Assume d =2m or any
e Volume=n (11/4)3*d If Circular ——» getd

. Volume = n B #d If Square —— getB




Design of Flocculation Tank (Gentle Mixing )

J—__CLQ-L“ L—J}J..LS‘\_LQ‘)B G_lqz_’ <o A ’ Ln“ e \\m“ :& a "n
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Design Criteria

e Retention Time (RT) = 20 : 40 minutes.
ed=2:4m

oen=2

ol =(2:4)B

eB=(2:3)d

o <50m

Design Steps of Flocculation Tank

e Assume RT

e Calculate Volume of Tank =Q, X R.T.
e Assume d =2m or any

e Calculate Surface Area =Volume /d

e Area=nlLB

e Assume n

e Calculate B,L




Development of Chemical Sedimentation Process
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Raw Clari-Flocculator

Water Accelator
_’< ] Precipitator

F.M.T.

. e Pulsator
Superpulsator
Sed.
Plate Settler
5| Floc. Sed. Tube Settler

Clari-Flocculator
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1. Flocculation Process ( Inner Zone )
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2. Sedimentation Process ( Outer Zone )
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Design Criteria of Clari-Flocculator

~——
\ -
eQ, =Q,,,
Inner Retention Time ( T. ) = 20 : 30 Min.
Outer Retention Time (T,)=2:4 hr+ T,
ed,=3:5m
ed =d,-(05:1)
e Surface Loading rate ( SLR ) = 25 : 40 m*m?*d
e Hydraulic Load on Weir ( HLOW ) = 150 : 300 m3®/m/d

e Horizontal velocity \[,> 0.3 m/min.
e, ¥ 35m
oen < 2




Surface Loading Rate sl ull Jopaadll Jara
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A(out) - A(In) Al g4 jlall dal wall (3,8 e B NEATREL (A

Qdes. — Qdes.
Aout) - A@in) n TT( ®§4- %)

® Surface Loading Rate =

Surface Area
of Sedimentation Zone

Sed.
. S Qdes. — Qdes.
® Hydraulic load on weir =
yaraut Le(Egth of weir nTT 9,
Jadh Jsh
a5l Aalal A s JaAls M ana @
Qdes,. — Qdes.

e Horizontal Velocity (V,,) = HZ X-Area  n 1T d, (3, +1m)
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Precipitator
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Pulsator
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Tube Settler
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Lamella Principle
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'/Plates (Lamella)
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T 7 7

Water Flow

Once on the plates, the parti-
cles slide down todischarge

N\ ' ickening zone.
Particles between the into the thickening zone

lamellaplatesmigrate to
each plate surface along
the resultant vector of the
two forces -fluid drag (Fh) and
gravity (Fg).




Design criteria of Different Types of Sedimentation Units

Clmiflocendator | 20t 30mins. | T,=(2twodhs) | do-(0.510 1m)

Accelator 151020 mins. | Ti={1to 1.5 hrs) Ttoldm Jtodm | (451060) | {13010 300)
- Precipitator 2wSmens | T8~ TS ming) ~(05whm | 3w0fm | (6010100} | (15010 300)

Pulsator

RS R

Swimin | T-25-35mins) do ~{(0Stwwlhim| 3w0fm | (6010 1203 | (15010 300)

0
0S5todmin | Ti+(15~25mins) | do +{(03twm | 3w0fm | (12010220) | (15010

Platesettler (45 to 70) min itoSm | (7510 120)
Tube settler {15 t043) min JtoSm (120t 150y | (15010 300)
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Dissolved Air Floatation
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Yoo mhaull e o3l lel ) Solids ¢ 4deaila Flocs I

Dissolved air flotation clarifiers bubble air into the flocculated
water and cause the floc particles to float to the surface.
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Dissolved air flotation clarification allows for loading rates up

to 10 times that of conventional clarifiers.

Ol 8 30 10 G sy o il o Al 020 a3
el e g ANyl

Dissolved air flotation consists of saturating a side stream with
air at high pressure and then injecting it into a flotation tank to
mix with incoming water. As the side-stream enters the
flotation tank, the pressure drop releases the dissolved air.
The air bubbles then rise, attaching to floc particles and
creating a layer of sludge at the surface of the tank. The
clarified water is collected near the bottom of the tank.




Sludge Removal
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Q. ) m?d Settling Tank

Raw Water — = ; Settled Water
(SS) gm/m? o

Sludge 4y )l =

(SS + Water )
2:5% 95:98 %
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Amount of Suspended Solids (SS) enter to Settling Tanks Per

Day =Q,,, (m®d) X Concentration of SS (gm/m?) = V (gm/d)
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Amount of S.S. Settled or Removed through the Settling tanks

=R.R. X Q. (m¥d) X Conc .of SS (gm/m?) =+ (gm/d)

Where , RR = Removal Ratio &}yl 4 s
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Amount of Sludge per day ( V1)
V1=[RR. X Qun XSS 1X 5o X :( X 10°

Y = Density of Sludge = 1.05: 1.20 t/m?

a3 I A s 35 0 s [ RR K Qppy XSS T 5l o8

Sludge - ¢scmpl—e LiSlyl & SS ) oyl hdilgn iy

Where, R.R. = Removal Ratio = Given or Assumed
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Design of Sludge Hooper

QT
1. Assumeh=1:2m
2. Assume © =45°:60°
3. Assume@,=1:2m - Y
4. Calculate @, = - /

Design of Sludge Hooper Pipe

_V3(m3) VVVVVVVVVVV
= VVVVVVVVVV
T(sec) = \Vvmpous

VVVVVVV

Hooper 1 &y p T Sos AAAAL
T =10:20 min i
q<—7____.‘
D=7

q=AV>>>getd
Assume V=1:1.5m/s
SJMW‘@J WY L:JJ.JAC_JA.‘

Minimum @ = 150 mm

if @ <150mm take it 150 mm
Then calculate Actual Velocity
Then Calculate Actual g

Then Calculate Actual T
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