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Lecture 1:

1.0 Fundamentals off Waste water
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1.5.2 Unit Processes
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Biological Unit Process
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—zure 1.1 Schematic flow diagram of a typical conventional treatment plant.

1.4 : Treatment System
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Figure 1.2 Flow diagram of a typical preliminary treatment system.



1.4.2 Primary Treatment System
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Figure 1.3 Schematic diagram of a typical primary treatment sysiem.

1.4.3 Secondary Treatment System
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(b) Secondary treatment system with trickling filter



L.4.4 Tertiary Treatment System
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l.ecture 2:

2.2 Flow Rates and Their Fluctuations (43bniiy ol jadl S aea)
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i Figure 2.1 Typical diurnal flow pattern of domestic wastewater.
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7 2.3 Maximum and Minimum Fluctuations

4_\.1!1.:..:]'! n._'t'l..:-._g. Jé 4.1_,..,-‘:-‘-“ _"J_?‘-“ "-“"'"_J"J \-ESL'"‘"‘ J"n' ‘J""H hL""L"' dL'_F“'u J""JYI aall _JJSJ Ji ak
dalleall Dlas gl A gLl 5eliSIL Jaalt Slaal g dlaladl ol 4l — J s a2e SIS Anlanyy)

5 7.4 Definitions Of Various Flow Rate



Qu : (s p) =l DL oadl e
Quvie 1t (22 6) (Reles Y £) ulS 4 gy IS4 Al AISH oy ol AneS
Qug 1 ( 22 3) 4 pias il glas e Ate ol Gl adl Jaas
Qpeak (P2 ) & sis Cillaa M e sy alie Yl ol Qb ad) Jans
Quin. * (¢ ) L pias cllaad bl e vag 3V e sl Gl jadl Jaee
Qpeakin t (Aebe/ p ) & gius cllan M e s abe Yl el Gl jall Jas
Quingiy © (R=le/ 5 ) A2V = stll el b el Jas
Quveqtty : (A2l 3 ) casall oLl o 5ol Jaes
3t o Vo r e (S (MLD) asslls 53 0 sile 83a y ; daade
2.2.5 Useful Ratio;

sale sl s Oboadl daee M ale VI b saldl Al e 5l :(Peaking Factor) 5 5 3l Jalas
(V-1 LYy onla
sale sl sy hoadl Jaxs (AN SaW) Gl el (0 4l e 5 5le (Minimum Factor) oY1 Jela
(*F-r )b
Al pae plasdal AV glall sl e pead Jla I A1) 2 a0 L) (Max Flow) plae Y1 ol jall
Al Ay 5mall o) gl

Table 2.3 Flow rate applications to waslewater treatment plant design

Flow rate (1o be used in design) Application in the design of treatment plant

Maximum daily flow/Peak flow,  Hydraulic retention time of equalization and chlorine-
s = Opeat contact basins, sizing of facilities of unit operations
and processes

Average daily flow, Oy, Plant capacity, giz.ing o_t' treatment urfits, pumping costs,
sludge production estimates, chemical costs, organic
loading rates

Minimum daily flow, Q.,, Sizing of conduits (where solids deposition might occur
at minimum flow rates)

Peak hourly flow. Qpeary Collection and interceptor sewers, pumping stations,
flow meters, grit chambers, sedimentation tanks, chlorine-
contact tanks

Minimum hourly flow, Qg Processes, flow meters, trickling filters with recirculation,
pumping of wastewater

2.3 Concept Of Mass Load : SES Jesdl
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EXAMPLE 2.1 O

The hourly variation in wastewater flow for 2 given town along with corresponding
concentrations of BOD and SS are given in Table 2.4, Compute the average and weighted
average concentrations of BOD and SS, average hourly flow rate and mass-loading data,

Table 2.4 Example 2.1

Time  Flow  BOD 5§ Time  Flow  BOD S

(Hours) (m'M) (mg/L)  (mg/l)  (Hours) (m'h) (mg/l) (mg/L)
0 16.50 171 * 192 12 1920 223 28
-1 142 163 13 19.50 218 269

B30 103 125 14 1860 210 246
3 13.40 74 97 15 18.20 205 - 245
Zl LR 67 16 1760 192 1
5 12.40 55 60 17 17.50 166 167
6 12.30 69 62, 18 1760 160 165
7 1350 118 105 19 1820 189 189
8 16.60 149 216 200 1890 240 218
9 18.40 190 2 2] 1920 315 22
10 19.20 212 283 2 1830 272 7

1 19.60 221 294 3 17.80 213 200

——

Solution: For the given data prepare the computation data tahe as shown in Table 2.5 for
the determination of averages and mass-loading data,

-3 =



Table 2.5 Computation table for mass load determination
\

Time  Flow =  BOD ©«  Suspended = BOD (g/m’) cf*:\Suspended solids

(Hours) (m'/h) (mg/L= o/m’) solids x Flow (m’"!’h)t‘ (gfm]) x Flow
(mg/lL = g/m’)  x (1/1000)  (m’/h) x (1/1000)

= (kg/h) = (kg/h)
0 163 171 192 . 2.822 3,168
1152 2 . 163 2158 2478
2 137 03 . 125 1411 1.713
31 T 97 i&glj\ﬂ;&n 1300
@l 126 5] 67 0.643 1% ..~ 0.844
5 g © 0SS 60 0652 0.744
6 (2307 6 & - 0849 0.763
Rk X 18 105 1,593 1 418
§ 166 149 216 2473 3,586
9 184 190 271 3,496 4,986
0 192 212 283 4.070 5.434
196 2| 294 4332 5,762
2 192 5T 223 28] 4.282 5.395
3 (955 28 269 4.251 5.246-
14 156 210 245 3.906 4557
15 18.2 205 215 3.731 3.4913
16 176 192 181 1379 3.186
T 115 166 167 2.905 2923
18 176 160 165 2816 2,904
9 182 19 189 380 3440
afiﬂ 18.9 240 \Wrﬁtﬂs A5t 4
a2 315 b 26 Voo 6048 | 4339
22 18.8 m 21 S.114 1155
3 118 13 200 3791 3,560
Tol ~ 4045 4158 512 L B9 7993
Simple Kdi®
o 1665 (09 138 Gan) g
Weighted average [using Eq. (2.1)] @.132_1"):__ Yo 0198 ;
—




Using the above flow data, plot the graphs of BOD and SS variation versus time as
shown in Figure 2.2,
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Figure 2.2 Diurnal variation in flow, BOD and SS.



Fiom e compulation (Table 2.5), we have average values:

Qug = 1635 m'h, BOD,, = 173.25 mg/L and SSag = 188.00 mg/L

. Agam from Table 2.5 and Figure 2.2(b), we have, concentration of weighted average
80D, 1.e

- total load  73.719 (ke/h

DOD&‘.'E{‘A'} = = (keh) = (.182 kgfm3 = |182.0 gfm3 = 182.0 mg/L

total flow 4040 (m*/)
@d concentration of weighted average SS, i.e.

S, = total load ~ 79.931 (kg/h)

= = 0.198 kg/m® = 198.0 ¢/m’® = 198.0
: total flow  404.0 (m*/h) 198 kgl = | = e

Fr%m_ this analysis, it is seen that the unit will be under-loaded by 5.1%, i.e.

1182 - 173.25
L 173.25

average ROD.

) X 100} if we design on simple average BOD basis instead of weighted

-11-



L.ecture 3:
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4 Concept of Design Criteria:

2.4.1 Detention Time or Hydraulic Retention Time, (HRT)
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HRT= volume / Q

Laabal 5 Slas gl aas alagl sl B e ) SIS e rddaale
|

short circuited flow or eddy current 5 _juad dal 4

Effluent Effluent

Channel Channel

(i) Short-circuited tow . (i) Shon-circuit prevention by balfles

(a) Vertical tlow lype 1ank

Outfllow

(i) Short-circuited flow (ii) Shont-circuit prevention by ballles
(b} Horizontal liow type tank
Figure 2.4 Schematic diagram for concept of shor-circuit of flow.
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EXAMPLE 22

reatment unit is 1.5 m wide, 20 m long and has a wastewater depth of 2.0 m in it If
22 wastewater flow through the tank is 0.5 mY/s, calculate the detention time.

= 30 m*/min

722 volume of treatment unit, V= 1.5 x 20 X 2.0
= 60 m’

-, Detention time, f =VIQ (as V=0x1)
= 60(m*)/30(m*/min)
= 2.0 min

2.4.2 Flow Throw Velocity or Horizontal Velocity (Vh) 4:&Y) 4e .l
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EXAMPLE 2.3

A floating stick travels a distance of 15 m in 30 seconds in a reactor tank having 2.0 m
width and 1.5 m depth. Determine the flow through velocity.

Solution: Distance travelled, L = 15.0 m

Time taken, ¢ = 30 s
L 15

+. Flow through velocity, v; = : = ik 0.5 mis

13-
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EXAMPLE 24

A grit chamber has a wastewater depth of 0.9 m. Calculate the time required by a 0.2-mm
sand particle to scttle at the bottom. Also compute the length of the grit chamber if the flow

through velocity 15 0.3 nJs.
Solution: Assuming that the 0.2 mm sand particle scttles at a rate of 2.3 cm/s,

The time required for settling, r = D/v; (as v, = Dit)
= [0.9 x 100] (cm)/2.3 (cm/s)

= 3913 s
The distance L, that the particle will travel in this time is B,
0.3 x 39.13
=174 m
= 1175 m

vy X I

So, for a 0.2-mm particle carried in flow of 0.3 m/s, the net or effective length of a grit
chamber should be at least 11.75 m.

2.4.4 Surface Loading Rate (SLR) or Over Flow Rate (OFR)

or Hydraulic Loading Rate ( HLR)
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flow rate

SLR =
surface area

*SLR = Vs
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EXAMPLE 25

Assuming the diameter of a clarifier to be 20.0 m and the wastewater flow rate 10.0 MLD,

calculate the detention time and surface loading rate of the clarifier having a wastewater
depth of 2.5 m,

Solution: The surface arca of the clarifier is given by

% & mxd’
o ox 20° .
= ——— = 314,16 m"
Now, surface loading rate,
flow rate

SLR =
surface arca of the tank

10 x 10°(m*/d)
31416 (m?)  (As 10 MLD = 10 x 10 m>/d)

= 31.8 m*/m*d or m/d
Now, the volume of the tank, V= O X ¢
V
Detention time, t = —
‘ Q

A x D
or f =

(As V=A, x D)

. 314.16 (m*) x 2.5 (m)
10 x 10*(m’/d)

0.07854 day
= 1.883 hours = 2.0 hours

15



l.ecture 4:

2.5 Weir loading rate (WLR) OR Weir Over flow Rate == eall Zoas
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Figure 2.7 Methods of increasing weir length.
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EXAMPLE 27

A rectangular sedimentation tank has a length of 10.0 m and a width of 5.0 m. For a flow.
rate of 1.0 MLD, calculate the weir loading rate.

Solution: Normally in a rectangular tank the wastewater flow is along U'm length of th.e.
aak. 5o the weir overflow will be over the width of the tank. Thus, in this case, the weir

i2ngth 15 3.0 m.

Now, 1.0 MLD = 1.0 x 10° L/d
= 1.0 x 10’ m/d (5 | m® = 1000 litres)
r-&n_t- a-_-"_,...-—-'—""-*_'ﬂ_-“._-m
1.0 x 10°(m’/d
o Weir loading = - A
X ' 5.0 (m)

= 200.0 m’/m-d
2.4.6 Organic Loading or Volume Loading : s ==l Jasli

3 BOD U830 oa gl Qllaiall (35 e Lgie | jiee Ao gemmall 3 pall 40 ga 5 sl Jasll
axall Ban g e gl Andaldl Aaliall saa gl e LEnkd 5 Al COD e300 el Callatal)
A gl s gl i) Asdlaall laa & hagal) Anaracatll Sl e piay g ‘i__uﬁ Aslaall g

OLR = applied Kg of BOD /day
~ volume of the tank m3

applied Kg BOD/day
~ surfaceaream?2

OLR

i 2.



"EXAMPLE 2.8

A trickling filter has a diameter of 20 m and a liquid depth of 2.5 m. Calculate the organic
loading rate for an influent of 10.0 MLD having 220 mg/L BOD.

Solution: Organic load in kg of BOD/day = concentration X flow
= 220 (mg/L) x 10 (kg/mg) 10 x 10° (L/d)
= 2200 kg/d -

and the tank volume is

w4 % (diameter)® x depth

I

24 x (20 m)? % (2.5 m) = 785.40 m’

applicd kg of BOD/day
volume of the tank (m”)

2200/785.4

~.. Organic loading raic =

1l

2.80 kg BOD per day/m’ of tank volume

2.4.7 Food-Microorganisms Ratio (F/M) s genall eyl M elaadl aas
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Figure 2.8 Schematic diagram of an activated sludge process.
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EXAMPEL 29

Raw sewage with BOD of 220 mg/L is applicd to @ conventional sewage treatment plant|
based on activated sludge process. If the primary treatment units remove 25% of the BOD,
determine the MLVSS to be maintained in the reactor to control an F/M ratio of 0.6,
assuming a wastewater flow rate of 0.5 MLD. |

Solution: As influent BOD is 220 mg/L and 25% of it is removed in primary treatment,
75% of influent BOD enters the Muf the activated sludge process system.
Therefore, BOD applied to the activated sludge process system 15

0.75 x 220 mg/L = 165 mg/L
and the total kg of BOD entering the unit per day is
BOD x flow/day = 165 x 107 (kg/L) x 0.5 x 10° (L/d)

Mg loeds = 82.5 kefd

Now, as the F/M ratio in the unit is 0.6, i.c. for every 0.6 kg of BOD entering the uni,
we require 1 kg of MLVSS to be maintained in the reactor,

MLVSS to be maintained in the reactor 1s
= 825 (kg/d)0.6(d)  (FIM = 0.6 or M = F/0.6)
=135 kg

Lecture 5:

2 4.8 Mean Cell Residence Time , ©.or Solid Retention Time (SRT) dzlall a1 sall elhs 4

5 Jdeliadl dalo dga g gill kol o) gl g) Auad) ABSH Gladal alBd 2B g3 JLYL el daeddl sa
(SRT) Akeall ol yall Jladal (o j Limyl ans y Ladll

biomass in reactor

MCRT = ——
biomass removed from reactor system

I R L e T

"Reactor | %

I
c:l:h Sﬂl%ﬂl”

I
] Ou = (D — Q) Xo. S
-T T —
Influant aG P e i Effluant
1 |
] 1
Systom 1o e e — = = = = = = — = = — i
Boundary Sludge Wasting O,

(a) Without recirculation of sludge

Qo So. %} ~— Reoactor— 1 O, = (O — O), X, S
i VXSS 1
Influent Erslpedidniondi e " Rk
I—"“ '
: : : (G 53 Gr] - G_
Systam Return Line d -y

Boundary ¢ _ L Ma B o e 1 \\

Sludge Wastin 2
(b} With recirculation of sludge from SST B Cue Xn S5

Figure 2.9 Schamatc dlagram 1or ASP
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ENAMUPLE 2.10

For the activated sludge process system, shown in Figure 2,.9(b), compute the MCRT and
recirculation ratio R, for the given data:

U Daily average flow of wastewaler, Qug = Qo = 10 MLD
9 Effluent flow rate of wastewater, ¢, = 9.92 MLD

I

Q Sludge wasting rate, Q.. (.08 MLD

O Hydraulic Retention Time (HRT), 0

= 6 hours

QO Active biomass concentration in reactor, X = 3000 mg/L (MLVSS)

QO Biomass concentration in effluent, X, = 20 mg/L

O Biomass concentration in return line, X, = 9000 mg/L
Selution: (a) Computation of MCRT
MCRT can be computed from the relation:

biomass in the reactor
6, =

biomass leaving the reactor or system

(Vi)
(Q.)(X ) + (2. (X,)

Jabs s clis 3 36, = MCRT

biomass in the reactor Jelaalt Jalaish i€l

biomass leaving the reactor or system Je'iall G da ol fal) R58]1
VX

- @E) (@)K

V =wvolume of the reactor = Q x t

G
= 10 MLD x 21 day = 2.5 ML (million litres)

B 2.5 (ML) x 30000mg/1)
~ 0.08 (MLD) x 9000(ing/1) + 9.92 (MLD) x 20 (mg /1)
7500
=720+ 1084 >l6days

bc

0, = JX =X~ 0 (X, ~ X,)
: Ao =X

_ 10(3000 — 20) — 0.08 9000 — 20)
o e = 4.84 MLD

o s s 2, 484
ta;f'*-—:ﬁja’ =15 = 0484
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—

Food-Microorganisms Ratio (F/M) 4w ¢13 ) ela¥) & jgaal)

(1) £ = Food(BOD or COD)kg/d(load) _ 1 _ ;-1
M Microorganisms(Mlvss)kg d

Mivss: Mixed Liquor (volatile suspend solids)
FQ+S S
M VX HRTx*X

Qo S0 Xo

by & i
; s .-”_. vt ¥ W ELE i ¥ g
I’ al i i e i Earad
(Qu+Qy) Obhor € ;
i ettt i i 3 1
R L. i

(2) MCRT, SRT (8) Jelial Jabs slaall cli. iy

X(reactord=lidi L <l Ials)elaall 1S g
X(removed A13e0) from reactor kg /d

MCRT=

I



o Without recycle

orRorSo s TR T
l:i;IIIIII-....liﬁnli.ﬂﬂyQﬁﬁé

5

VX V=X V*X . 4
MCRT= = = = HRT = —
Quw*Xw+(Qo—Qw)Xe Quw*Xw+(JexXe QoxX Do

Qu+Qe=Q, ; Xw#Xe=X

Xe=zero

e With Return

({55: 2\ a=(a.+al-a-Q,

QB:SEH:{“ g
W3 Jaa,q)

Xe, Se

(Qs+Q,)-Q,

(Q+Q.)-(Qs-Qu)

e ~QotQ-QQ,
.

-2 2.



Vs Xdelidl Jala byl sleadl A2a8
I(Jw * X+ Qe+ :'f'r:|
(1N Oy g AN sl gl o gy ds g sl (LSl )sleall dpes

gl ¥ A

SST Js> (I 5 Jaxd

— O
Qo

(O-O'I'QI'} X= [%'Qw}xe+qwxr+ﬁlxr
QX+QX=0Q Xo-Q X+ QX +Q, X,

Q(X-X)=Qo(X-Xe)-QulX-Xo) 45 jilo Ul 5o

_Qa(X=Xe)=Quw(Xr=Xe)
Qr= (Xr—X)

_QuxX—Qw*Xr

e P
= (1)
ec_ — — Qm_r * XT- -
Qw*Xr+Qe+Xe Qw=Xr g,
A
|
b C 1
V=X ‘ 1"'!“:1""‘“.._&4 R Y
=QU'X_ [t e s ‘
Xr—=X d
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Time

Figure 4.1 Zero order reaction.

il 58,0 ;¢

oYl 5851 ey

Jelidll «uls ; K

Jeladll eyt

First order reactions /¥ 450 oa Jelial) 2
g iy e M g e liiall Jsall 58 5 A pladll o) (o)) ddelitall 32kl € 5 e canliy Jeldll JJMC;F_/"’h
(Al S
dc |
T ac
dc " !l
aEt L
dc 1
— = —kt
c h
“dc .
—=—k f dt
e € 0
Inc=Incy = —kt

Inc=Incy— kt




In concentration

-Kt

C=C,e

Time



Time
Figure 4.2 First order reaction.
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second order reaction 4=l 45 ) o Jelddll 3
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Time

Figure 4.3 Second order reaction.
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bial 53,1 gl el dle Uinall saladl &3 ) dalaad Jelidll o 5 22a

Determine the reaction order of reactant removal process for the data given below:

Conc.of reactant 235 150 100 b5 30 20
_ (mg/l) L
Time (min) 0 7 15 25 35 40
[Jadl

b Ll a2y ¢ Jpanll 3 mia e g LS i gl Jilie Alelit) salall 58 53 Alaiie Gillakhde S35 slacl; o3
PUanall ULl doe s il

Jaadl ol bl Jgan dlae by o8 ¢ Alyll o gyl any af (g

$oawall Jeliill - 38 4 Jlie 8 3
A Aol e delisl - (- 3858) Ln Jie <340 3>
Al A ol e Jelill - (S il £ 1) Jilie gl

Prepare three separate plots for reactant concentration versus time as shown in

Figure, and find which one gives the best fit to the given data :

» Time versus concentration -- for zero order reaction

» Time versus in (concentration ) -- for first order reaction
( 1/concentration ) -- for second order reaction

» Time versus

in order to plot the above graphs , prepare a data table as given in Table

Time, t Remaining 1/conc. Ln (conc.)
(min) Conc., C (mg/L) (1/C) (In C)
0 235 0.0043 5.4596
7 150 0.0067 5.0106
15 100 0.0100 4.6062
25 55 0.0182 4.0073
35 30 0.0333 3.4012
40 20 0.0500 2.9957

—
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Concenlration, C(mg/L)

In Concentration, C(ma/L)

1/Concentration (mg/L)™!
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Figure 4.5 Plots of time versus concentration.
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Continuous-Flow Stirred Tank Reactor (CFSTR) g 3l 53 seiwall lijadl Jelie
Plug-Flow Reactor (PFR) saladl sl Jelis

Completely Mixed Batch Reactor (CMBR ) J<lSll z 5l 53 4e jall Celic
Arbitrary-Flow Reactor (AFR ) (pkiiall ye) ol s2all Jljadl delis

Fluidized Bed Reactor (FBR ) = 58! w5l 53 Uelia
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Figure 4.8  Schematic diagram of CFSTR.
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| If the concentration of reactant A in 1.20 MLD flow of wastewater passing through a
CFSTR is reduced from 250 mg/L to 15 mg/L, determine the volume of the reactor

Assume that the reaction rate is first order having a rate constant of 0.5 day™' "
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rA wastewater is being treated in a CFSTR following the first order reaction kinetics with
a reaction rate constant equal to 0.15 day~' , For a reactor volume of 50 m? , what
should be the flow rate to achieve 96% treatment efficiency? FFor this flow rate, P
compute the reactor volume if the desired treatment efficiency is 98% ? |
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If the rate of a reaction in the system is of second order, compare the required volume of
CFSTR and the volume PFR, Assume the reaction rate to achieve 94% reductions in the
reactant concentration in the system
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