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Treatment Works
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_ {I} Water Treatment for
Surface Water

= I - =
fSedimentationT [Filtraticn’ [ Disinfection WI

Flow lines
v" Draw the flow line for old (SSF) water treatment plant

v" Draw the flow line for modern (RSF) water treatment plant

Sedimentatiorn
;—“'J\m____
" i [TR

Plain sedimentation chemical sedimentation

B R e —

Ideal sedimentation tank

- Laminar & steady flow
- Uniform velocity through the settling zone
- Uniform distribution of suspended solids
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[ Chemical Sedimentation(precipitation) ]

[
B 1
[ Coaquiation ‘ ‘ Sedimentation \

Coaqulation process

Saall 353 p0 yall Amgelall 3 gl aa el 3l o205 pll Balall ) dsdaaf S0l As] v/

L ge Slindlgde 5 453 jeala lgdy 2ma 5 (KBS (floces) s 0585 M il 5o v
(loCCs) e o ( A Clin We Jand) oL i 5352 sdi{fine particies ) & aass s v/
ille Seli€ 5 e s o S Ly S JilaSi (fine particles) maass s (floccs) pas 3oy v

Purpose of Coagulation process: -
1. To decrease sedimentation time

2. To increase sedimentation efficiency (90 — 96 )%

Kinds of coagulants:

a) Based on aluminium:
1) Aluminium Sulphate (alum) 2 ALy{SO.)s . 18 H0
2) Sodium Aluminates
3) Ammonia Aluminates

ALy SO4).. 18 H,0 + Ca (HCOj4 )222AL( OH)sl(floces) + Ca SO, + CO; + Hy0
ALy( SO4)3. 18 H;0 + Ca (OH )2 AL( OH)3)(floces) + Ca SO, + 18H,0

oLall 3 5aya gall (alkalinity ) ae Jeliss (85 oLl ao Jeliti Y 2 pall 5alll v/

b) Based on iron:

1) Ferric Sulphate
2) Ferric Chloride
3) Ferrous Sulphate e -

Fey(SO4); + Ca(OH)2 9 Fe( OH)sl(floccs) + Ca SO, + H,0

Coaqulant aids :
1) Lime (toughness) Jh s %y sall 2l Ae . JBy
2) Polymer ie b JBs 5 (floces) el s g

\\4)
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Coanulation procecs Stone:

1) Feeding Lol saladl d3Lay)
Addition of coagulants to water by dry or wet feeding
2) Flash mixing ) culih)
To obtain uniform dispersion of coagulants in water 5
5
3) Gentle mixing Jela) ila ;a E
-Provide enough time for chemical reaction to take place g
-Formation of the floces. g
Feeding Z
1) Dry feeding ‘g%
2} Wet feeding g
E
1) Dry feeding 5
s e 4yl Salall A 5 %
e pll Sl o %
Al Ay ke Jly 3l 2

2) Wet feeding
Usbaa s yom 8 dyg sl 2ol Bils) 5
s
d_..!aIleLa_;Ltu'l 5ol e sy
e pall 2 Sailldl g

mmmﬂmwﬂmnnmummmmmnwmmmmmmnmwwmmmm
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Purpose:
To determine the optimum coagulant dose
Apparatus:
s 6 jars each of capacity 1 liter
. set of paddles in a row with a driving motor
Maotor
N jars

-

L5 30 el e e pe o {1

o . 4if 30 2 it fo yuy o E (2
A s oV 4 el Jghaall G @ik el oy (e 50 ) A3 Jibas (3
YRR Y sl e jasac & 03l e o2 (4
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Dose
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Concentrated Alum Solution Tank

A Purpose:

Prepare alum solution.

A Design Criteria:

Alum Dose = (20 — 70) ppm or gm/m’ or mg/]
Amount of Alum = Alum Dose x Q
Concentration of Alum solution = 5 — 10%.

Amount of Alem
Concentration of Alum solution

Specific Gravity of Alum solution = 1.01 — 107

Amount of Alum solution
: Specific Gravity of Alum solution x water density

Amount of Alum solution =

Volume of Alum solution =
— Working Period ;
ber of tanks = ——= =70 =
Number o ] 06 }([fnmgnrt:n,l;aken 3)

Volume of tank ~ Yolumeof Atumsolution
n

Depth =1 — 3 m.

2
Volumeof tank _ %% ()

* Surface ﬂrca-:. depth — (circular)
=L * (square)
N Example:
Design the Alum solution tank for a WTP of hourly output 500 m’.
Solution:
Q = 500 m'/hr

Assume Alum dose = 50 gm/m’
Amount of Alum = Alum Dose x Q = 50 x 500

= 25000 gm /hr = 2o0x24 _ 0 6 ton/d
1,000,000

Assume concentration of Alum solution = 10%

(¥
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Amount of Alum
Concentration of Alum solution

Amount of Alum solution =

=98 _ 6 tonid
0.1
Assume specific gravity of Alum solution = 1.05
Amount of Alum solution
Specific Gravity of Alum solution x water density

Volume of Alum solution =

=% =57m'd
1.05x1
Assume number of tanks =3
Vol o sadk = Volume of Alum solution = ¥ = 1.9 m’

n
Assume depth =2 m.
Surface Area = Youmeofunk _ 10— 095 m*=L*

L
-
i

|

i

i

i

i

i

f depth
i

]

i

]

]

]

]

]

]

I

¥

S.L=1.00m.
Use 3 squared Alum solution tanks each of d=2m. , L=1m.

2) Flash Mixing Tank
A Purpose:

Attain quick and uniform distribution of coagulant in water.

N Design Criteria:
« Retention Time = 5 — 60 sec. _
* Depth = (1— 3m)
. MNumber > 1

N Example: |
Design the flash mixing tank for WTP of daily inflow 2000 m’.

Solution:
Q = 2000 m'/d = 0.023 m”/sec.
Assume R.T = 30 sec. (5 — 60 sec)

g ~
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i 5
-+ C=Q4x T=0.023 m'/sec. x 30 sec. =0.70 m’

Assumen= |
~Assumed=2m  (1— 3m)
I 0.70 s
S.A 3 57— =035m
T 2
0.35 m? = :’ ©=070 m
3) Flocculation Tank
& Purpose:

Give enough time for chemical reaction to take place, formation of flocs.

& Design Criteria:
* Retention Time = 20 — 30 min.
® Depth = (2— 4m) N i o . PEDALS

eL=(2—3)B . =
_® Number > 2 H.OE'I:'I..I.ATI-DC':::!.NK
THLET — y
]
A
S Example: e
BUFFLED
FLOCCULATION TAMK
(Q=2000 m'/d) .

Q=2000 m’/d = 1.39 m*/min.
Assume T = 30 min.
5. C=Qyx T=1.39 m"/min. x 30 min. = 41.67 m’

Assumen =2
Assumed =3m  (2— 4m)
|
faw S, o 0 o -
nxd 2x3

19



L= B = R (-8

Assume L =2B
SA=LxB=2BxB=2B*=69m’

. B=1.86= 1.90 m.
. L=2B=2x190=380m.

\20)
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i s Plain sedimentation tanks

i — ~

& Rectangular Circular, clarifier

4 Definition: __

:  Physical treatment process which allow S.S. of specific gravity higher than

] water to settle due to own weight 8

;l Purpose: :

¥ :.1,

] Remaval of (60-85)% of suspended solids and colloidal matiers 8
<

Desian data:

1) Qd = Q nax monthly
=14 XP Xavwc
= P X max wc
= P X summer wc

- i~y ™ il =

2) RT = retention time = ( 4-6)hrs
Cﬂpaciiy= C — u max manthly T
=n.-B-L-d
or =n(mdY4).d

3) S.L.R=0.F.R = Surface Loading Rate = Over Flow Rate
SLR=Q/ ( S A) = 25-40 m*/m*/d

—— Bt

4) Hydraulic load on outlet weir= Weir Loading Rate
Hyd load = Q/ (L) < (300)m*/m'/d =>(150-300)

5) Horizontal velocity = Q/XA < 0.3 m/min

@n

21
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* 6) Dimensions

L

L]
L
L

d=(3-5m

B=(2-4)d

L=(4-5Bm =L max=50m -
B max=12.5m

® max=35m

7) No of tanks

-

nz 2 tanks

Sludge

-

Sludge = water (95-98)% + solids(2-5)%

Concentration of SS in sludge= (2-5)% "

% Removal of SS in plain settling tank = (60-85 %}

Specific gravity of sludge = (1.05-1.2) = ygusee =1.05-1.2 / m3
Sludge collection (4-6) hrid - (4-6) times/d

Time of sludge withdrawal = 5-15 min

Velocity in sludge pipe 1-1.5 m/sec

@ min 150 mm

-\22)
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(A) Rectangular Sedimentation Tank

N Design Criteria:
* Retention time (R.T) = (4 — 6) hr.
* Q gesign (Ques) = Q max, monthly
=(1.25 - 1.5) Qung
¢ Volume (capacity) = Qges x R’i‘
=nXBxLxd
¢ n (number of tanks) > 2
d (depth of water) = (3 — 5) m.
B (width)=(2 — 4) d.

L (length)=(4 — 5) B ¥ 50 m.

* Surface loading rate (S.L.R) / Over flow rate (O.FR)  m“/m?/d

ol B ol e T ) gy T D1 ol s

SLR= Q . Q

—

S.A nBL
(25 — 40 m*im’/d)

« Hydraulic load on outlet.weir m*/m/d

238 AN Jon G M B e gt 20 AN W 48

Hyd. load = Q
nxB
gl Jyk B s
(150 - 300 m*/m"/d)
* Horizontal velocity (V ,,) m/min

Vie = Qd ¥ 0.3 m/min.

(23)
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MOTOR
INLET WEIR - QUTLET WEIR

INLET \
LUDCE [P |
JNHOLE H— = :
=/ SCRAPPER

l BUFFLE

! SLUDGE : -
: e ELEVATION ‘
i . S —
Ny
| o | BN .
INLET ———M] " LH- M) OUTLET
N4 e
I siiioc
Lelilal
. PLAN
N Example:

Design Plain Sedimentation tank for W.T.P. of hourly output 3000 m3.

& Solution:
Qges = 3000 m*/hr.
Assume R.T=3 hrs
<~ Capacity =Qges X R.T
= 3000 m*hr X 3 hrs.
=9000 m’
Assume S.LR =30 m¥m®/d

\24)

24



Q _ 3000 m3/r x24

L SA= =2400 m*
S.LR 0 md/miAd
Capacity _ 9000 ,
th=-""" =" =375m(3—5m 0K.
- Area 2400 ( )
B=(2—3)d=(2—-3)375=10m.
L=(3—5)B=(3—5)10=40m.
To get (n):
ﬂ=-——————-S'Am :.___._zm =
S.A ok 10 x40
oSLR= -2 o Q _3000x% . i
S.A nBL  6x10x40
(25 — 40) - safe
o Vi = 9 o200 L0 s
nBd 6x3.75 x10
| + 0.3 m/min. Safe
. & Fipdemuilio load ==
- nxB
... e
6x10
= 1200 m*/m’/d
(150 — 300) Unsafe

_ AN gl s gl Llan 585 8y ppansll el 43 Y 22D e
Assume  Max. Hydraulic load = 300 m%/m’/d.

Q

Hyd. load = ——

yd n (weir length)

o ' : : Q

«+ Min. red IEnE[h =

T TR hyd. load x n
_ 3000 x 24 & il
300 x 6

\?5)
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iy g 08 b fr dob o S Ll gt o pliss Uil ny

Bapa <l Bls] Gash oo dlld

MNote: .
L/7 6 shoas 40 S Jans 7 gnsall (sl (J ylall
L _ dﬂ_l -

— =57 m.
T T

Ist'm'al:
L,=2X9+4+2x]=20m <40m.

2nd trial:
L,=4%X9+4X]=40m. -. Safe

2%
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i
-+ Example: Y _
It is required to design the Rectangular sedimentation tanks for a city of Pop=
200,000 capita & av. w.c = 300 l/c/d, if the working period = 18 h/d.

any

il

iy UL S

‘Given:
p= 200, 000 C , av. wc = 300 l/c/d, w.p = 18 h/d

4

Req
n LB, d

]

sol"

Qg = Qu o = 1.4 x200,000 x 300/ (1000 x 18) = 4666.67 m’/hr

Assume T=4-6 hr=4 hr .
C=Q-T=4656.67 X 4 = 18656.67 m’ -——-—- (1)

CF RIS FRLLA L TR PR LT IR SR RS SN T L CE N TR RO TR TR C LTTURTER T T P L ¥y Ny Fg Ty By Ty WPy F i g

Lallig

:
!
]
!

ass. S.L.R. =30 m*m%d = 30/24 = 1.25 m*/m*/hr

S. A =Q/ (S.LR) = 4666.67 /1.25= 3733.34 m" - (2)

(G e MR TT AR T 11 LU

>3
from (1),(2) so d = CI( SA) = 18666.67 m*/ 3733.33m*=5m  ......ok

=5m
B=(2 4d=10-20m=10m
L =(4-5)B=40-50m=40m
So n=SA/LxB) or C/LBd
‘ = 3733. 33/ (40x10) = 9.33 so take n = 9 tanks
S0 Ly =3733.33/(9X10)=415m

So n =9 tanks

L=41.5m <50

B=10m

d=5m

e el P Tl Tl F Ty T TaTa R T T O T TR TE U TEARERIR AR TR A T TTITER L TR TRAR R ERR T T T RIS TR

(%
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. Checks: _
1) vu=Q/ (nBd) = 4666.67( m/hr) | (9 10,5 60 min/hr) = 0.17 m/ min
< 0.3 m/ min so ok

2) hyd. Load on outlet weir =Q/nb
= 4666.67x24 / (9% 10) = 1244 m*/m'/d > 300 m*/m'/d=> unsafe

Calculate L,, required, put hydraulic load = max = 300 m*m!/d

Ly = 4666.67 x24/ (9 x 300) = 41.48 m

1 trial g
g
L,.=B+ 2x E
41.48 = 10 + 2x g
Sox=15.7m> L/ 7 =59 m—- So go to trial 2 5
B o g
! 5
M— _:'.___l_=! g
5
2™ trial s
4148=2x9+2x §
Sox=11.7m>LIT— So go to triai 3 g
T =3 —
3 trial Ll
41.48=4x9+4x
S0x=137Tm

2x+05=324<L/7 20K

28



(B) Circular Sedimentation Tank (Clarifier)

B Dﬁfgn Criteria:
*R.T=(4— 6)hr.
*Q gex = Quax. moatty™=(1.25— 1.5) Qavg.

* Capacity =Qges * RT=nd ::- @’

* Number = 2
Depth=(3 — 5) m.
Omax = 35 m.
» S.L.R (surface loading rate) = B p—_.
. S.A n-'f_ﬂg
4
+ Hyd. load = Q
nx@

sl g A L 5 0 gl gl i g o i
Q

nx—d
2

oV = ¥ 0.3 m/min.

Lol guﬁupimdl@gm,a@ui‘ﬁhﬂaim
d sl

—
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& Example:

It's required to design clarifiers for W.T.P of daily capacity 30000 m’,

working period = 20 h/d.

A Solution:

working period'— Alaiu¥ligiy ¥ 55 3ka Jyl 3 mThr N flow dagss 2o =
Al L 3
hz velocity & hyd load & S.LR. Jisi = 1 day =24 hr. o s =

Ques = 30000 m*/d

- SN = 1500 m*/hr.

Assume R.T =73 hrs.

*+ Capacity = 1500 x 3 = 4500 m’

Assume S.L.R = 30 m*/m%d. = g m’fm’fhr

L SA= —2 - 350 2000
SLR 30/24
il Dep[h: _'{‘}_L_ = .4;.5_{}_“_ =3.75m
area 1200

Togetn,,:
Assume @ = O, =35 m.

*. Area max = 2 (35)2 = 962 m?

o= tnLaIS.E - Em= 1.25 = 2 (minimum number)

fmax 962

Yoo 0B Yy SN Gl paie e o0 Al
[ 30)
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Area sk = -'2—;‘:-' =600 = = @&
-P=28m
Checks:
¢eSLR= —f—— = _f;& = 1.22 m’/m*/hr.
2 2
o 2 =
n o . (28)
=292 m’/m*/d
(25 — 40)  safe
o Hyd. load = —2 = 200 8,53 m/m!/hr.
nn@® 2n(28)
=204.6 mm/d.
(150 — 300) safe
V= = 1500760 _ 408 mimin.

nxgd 21:[-2%}3.75
2 2

¥ 0.3 m/min safe

1)
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—

b Example:
3
. ; a
Design circular sedimentation tanks for W.T.P. of daily cutput 100,000m™ an

working 20 h/d. note that S.L.R. musin't exceed 32 m/d. Also calculate the

volume of sludge hopper & design the sludge pipe, if the TS5 = 100 ppm.

& Solution:

_ 100,000 m’/d. _ 5000 m*/hr.
Qaes = =5 6nrd

Assume R.T = 3 hrs.
-, Capacity = 5000 x 3 = 15000 m*

Assume depth = 4m.

s B.A= !”;ﬂ - 3750 m*
To Eel N min .
D yam = %(35}2 =962 m"
3750
= — =3.9 take n=
e ez

T 2
4 — & 3750
4

@ =3455 =35m

Checks:

1) SLR= _Q 5000 _,3mmihr

n o n ;.

=13X24=31m3/m2/d (safe)
Hyd. Load =Q/ nn@
= 5000/ 4m(35)
=11.36 x24= 273 m3/m/d (safe)
Vh = Q/ ndn(@/2)
=(5000/60)/4m(35/2)xd
=0.09 m/min £ 0.3 m/min

safe

32




+ Volume of sludge hopper

T55 =100 ppm
Assume removal efficiency of clarifier= 90%
Amount of SS= REx TSS x Q

=0.9 x 100 x 100000

=9 000 000 gm/d =9 t/d
Assume concentration of SSin sludge = 5%
Amount of sludge =9t/d / 5% = 180 t/d
Assume specific gravity of sludge (5G) =1.2
Volume of sludge = amount of sludge/ SG x water density

=180/ 1.2 X1 = 150 m3/d

Number of clarifiers = number of sludge hopper =4
volume of sludge hopper/d = 150/4 =37.5 m3

Assume sludge is withdrawn from the hopper every 5 hours & working
period = 20 h/d

No. of withdrawals= 20/5 =4 times

volume of sludge withdrawn /time = 37.5/4=9.4 m3

Dimension of hopper

V=AavxH

Aav=(At + Ab)/2

Pb=1-2m

@ =45-60

H=1-2

Take Pb=1m & 0 =45 & H=1m @t= 1+1x2=3m

33



At =n@ 2/4 =7.06 m2
Ab =@ 2/4 =0.78 m2
V hopper = (0.78 + 7.06)/2 x1 =3.92 m3 unsafe
Take @b =1.5m & © =45 & H=1.5m
Pt=1.5+1.5x2=4.5m

V hopper=13.25m3

Design of sludge pipe

Assume time of sludge discharging =5 min
Q=v/t=9.4/5/60 =0.03 m3/sec

Assume v=1m/sec

A =Q/v=0.03/1=0.03 m2

Diameter = 0.195 m =200 mm

|F

e

.

Required volume of sludge hopper / d = I§E= SO m’

Assume sludge is withdrawn from the hopper every S hours
& working period = 20 h/d

Mo. of withdrawals = 20/5 = 4 times

Volume of shudge withdrawn / time = 50/4 = 12.5 m’

Design of sludge pipe:

Assume time of sludge discharging = 5 min.
q=¥/T = 12.5/5/60=0.042 m’/sec
Assume v =] m/sec

Area = giv = 0.042/1 = 0.042 m*

Diameter = 0.23 = 250 mm

W S e B M BN NS e e e ae owe

34
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Example

given: .
P=40000C , av. wc=200LCD ,SS=80 mg/l, settling time 3 hrs.

Reg

1) Design of clarifiers (n, @, d)
2) Volume of sludge per day
3) design of sludge hopper and sludge pipe

sol”

Qg = Qp m = 1.4 X 40 000 X200/ (1000x24) = 466 67 m’fhr
RT= 3hr
C=Q-T=46667X3=1400m° ——(1) °

Ass. S.LR. =30 m*¥m%d
S.A=Q/ (S.LR) = 466 67x24 /30= 373.4 m” - (2)

: >3m
from (1),(2) sod = C/( SA) = 1400 m¥/ 373.4 m*=375m ... ok
<5m
1)For The clarifier Tank
fo nﬂin

ass ®=35m
SO Nin = (S. A) / (md?/4) = 373.4/(wr (50)°/4)= 0.39

50 take n=2
2P= 1542=155m

Checks:

W =Q/ (nT®/2d) = 466.67( m"/hr)/ (2 x15.5/2 x 3.75x60 )
=0.04 m/ min < 0.3 m/ min--- safe

2)Hyd Load on weir=Q/(n 1® ) = 466.67( m’/hr)X24/(21r x15.5)
= 115m’mYd < 300 m¥m'/d - safe

(39
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E

2)Volume of sludge accumulated per day :

Conc of SS in raw water (80)mg/ L
% Removal of SS in plain settling tank = (60 %)

e« Conc. of removed SS =80 X 60/ 100=48 mg/L = 48 gm/ m3

*» Q4=Qunm=1.4x40 000 x200/ (1000) = 11200 m’/d

« amount of removed SS = Qd x conc of removed 58
=11200 x 48 /10°= 0.54 ton / day

sludge=» (5%SS5+95%water)
« amount of sludge /d = 0.54 x100/5=10.8 ton / day

ass spec gr of sludge =1.05

= vol. of sludge / d = amount / yguage =10.8/1.05 = 10.3 m3/ day

3)design of sludge hopper :

n=2 tanks
« Vol of sludge /tank = 10.8 /2 = 5.15 m3/1ank / day
ass no of withdrawal fimes = 4 /d

min volume of sludge hopper =5.16 / (1x4) = 1.3 m*

B T T P — (L O T T T T Huu“uuﬁmrﬁ*ﬂm!ﬂiu‘ﬂrﬂumﬂrﬂm{m

Dimensions of hopper
V=Aavxh A top
Aav = At+Ab /2 "
@b =1-2m
O =45 -60
H=1-2 m A
bottom

Take@b=2m & © = 45 &h=2m
=< DOt=2+2"2=6 m p—

(36)
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Al= md%4 = 3.14 m2
Ab= Td%4 =28.27 m2

V hopper = (3.14+28.27) / 2 x 2 =31.4 m3 > 1.3 m3 = OK

For sludge pipe

Q=VIT

Q=1.3/(5x 60 ) = 0.00433 m3/s = AV=r®X4x1 3 ®=0.0732 m = 74 mm
2150 mm

Types of sedimentation tanks:

o according to operation:
1- Fill & draw

2- Continuous flow :

o according to direction of flow:
1- Rectangular sedirnantation tank ( horizontai fiow )

2- Circular sedimentation tank (radial flow (clarifier))

Factors Affecting efficiency of sedimentation

1- Retention time ik e )
2- SLR Lafe B

3- Velocity of flow Luse a5e

4- Hydraulic load on outlet weir Luse 433

5- shape of tank (rectangular < circular )

6- dimensions ( L,w, Liw) ,

/- concentration of 5.5

8- characteristics of S.S (size , specific w)

9- characteristics of water (density , viscosity )
10-Temperature

11- Presence turbulence, dead zones or short circuits

12- Collection of-sludge

(5%
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- . Example:

It is required to design the clarifier units for a WTP with the following data:

The hourly output of the plant = 2000 m’
SLR. =30m’m’id -

Sol"
Qg = 2000 m*/hr
AssT=4hr
C=0Q.T=2000x4=8000m"
S.L.R. =30 m’im®/d -

S. A =Q/(S.L.R) = 2000x24/30 = 1600 m

>3m
d=C/S. A=8000/1600=5m _ - 0K
<5m
For ngn ’
Ass ®=35m

SO Nin = (S. A) / (d?14) = 1600/ (7 (35)°/4) = 1.3
So take n=2

Dy = (1600/2 4/ )" =31.91=32m

checks:
1) Vi =Q/ (nT®/2d)= 2000( m’/hr) | (2 W -32/2-5-60) = 0.06 m/ min

2) Hyd. load=Q/ (n Td) = 2000(m3/hr) X24/ (21 x32) = 238.56 m>/m'ld
< 300 m*/m'/d — safe

(39)
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