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1. Problems 6.10 from Tchobanoglous and Shroeder 

6.10. A reactor that behaves as an ideal PFR is to be used to carry out a BOD removal reaction. The 

removal rate in the system is given approximately by: 

 

rBODu = -( k BODu) / (K+BODu ) 
 

where 

k = 0.12 g/m
3 .

 s 

K= 30 g/m
3
 

 

For a flow of 0.5 m
3
/s determine the reactor volume necessary to produce an effluent having 20 g/m

3
 

BODu from the influent which has a BODu, of 150 g/m
3
 

_____________________________________________________________________________ 

 

_3. New problem.   Design a multi-pass baffled tank chlorine contact for a wastewater treatment plant 

serving town with a projected population of 30000.  

The Recommended Standards for Wastewater Facilities (10-States plus Ontario) include: 

• An average daily consumption of 380 L/cap/day.  

• The chlorine contact basin has a minimum contact time (or hydraulic residence time = V/Q) of 15 

min at the maximum hourly flow and meets the state /provincial effluent standards.  For some 

jurisdiction the minimum detention time may be as high as 45 minutes.   

• To allow for maintenance there will duplicate tanks, each should be able to treat 100% of the 

average flow. 

• The peak hourly flow factor will be at least 
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Assume in this case the standard is 2000 faecal coliforms (FC) per liter, and the influent to the basin will 

have 10
7
 FC/L. Based on what you have seen at other plants and the Metcalf & Eddy book you find that: 

• at least 3 passes are used 

• all the passes generally have the same size 

• the length to width ratio for each pass is at least 10:1 and may be as high as 40:1.  The tendency is 

that with a greater number of passes you shorten    

• the cross section of the pass have a width to depth ratio ranging from 1:0.5 to 1:2 

• assume the sides of the tank will have a freeboard (extra depth) of at least 30 cm to avoid 

overflow. 

 

Assume that each pass can be simulated as a CSTR with an active volume fraction of 0.85, so a three pass 



 

system can be simulated as three equal size CSTR reactors in series.  For the selected chlorine dose the 

kinetics of disinfection are assumed to be  

  rFC= -10 
– 5 .

 FC    

 

TASK:  

a) Check if a three pass tank will reduce the concentration sufficiently to meet regulatory requirements. If 

not expand the number passes to meet the requirement. 

b) Design the contact tank, i.e. select the dimensions of the tank, the number of passes, the total hydraulic 

residence time. 

_________________________________________________________________________ 

 

2. (19 points from the 2003 Final) Tracer test results of the aerated lagoon can be modelled via by the 

following reactor combination.  The kinetics of TOC breakdown within the 1,500 m
3
 aeration basin can 

be described by: 

 

Where C = TOC concentration, g/m
3 

 k =96 g
0.112

/m 
0.336

/d 

 

The feed TOC concentration is 300 g/m
3
. 

 

TASK: 

Develop an equation that describes this system’s TOC and only has the TOC at D as its unknown.  DO 

NOT SOLVE 
 

Show all the equations necessary to arrive at every number you use  (i.e., no mass balances in your head 

even the total (flow) balances)  in your calculations, clearly explain every step and state all assumptions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

r k C= − ⋅
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F E 

CSTR 

V=500m
3
 PFR 

V=200m
3 

C 

150 m
3
/h 

D 

B 

150 m
3
/h 

A 

300 m
3
/h 

Dead 

Volume 

V=800m
3
 

 

G 

R 

100 m
3
/h 
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PROBLEM

r~oblem statement - See text page 298
.. ,'\

~blution

1. Write steady-state materials balance expression (Eqn. 6.4,

p. 278).
d BOD k BODu u
d eH

= rBOD = - K + BODu ,- u

2. Rearrange materials balance and solve for eH~

(

K + BOD ~ .

BOD ~) d BODu = -k deHu ,

j

BODU

K '

(BODu + 1)

BOD .u.
J.

d BOD =u

.

f

~\!

k ' d eH

0

,,'

BOD

K ln BOD u + BODu - BODu'. = -keHu.J.J.

/
!.

3. Substitute given values,for BOD and BOD and solve for eH '
u u. '

J. '

(30 g/m3 In 20 g/m33 +' 2'0 g(m3 - 150 g/m3 '= -0.12 -\ eH
150 glm m .

eH = 1587 s
~

4. Determine reactor volume, ¥.

¥ = Q eH

3
= 0.5 ~ (1578 s)s

3= 794 m ans.

(
\. )
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_3. New problem.   Design a multi-pass baffled tank chlorine contact for a wastewater treatment plant 

serving town with a projected population of 30000.  

The Recommended Standards for Wastewater Facilities (10-States plus Ontario) include: 

• An average daily consumption of 380 L/cap/day.  

• The chlorine contact basin has a minimum contact time (or hydraulic residence time = V/Q) of 

15 min at the maximum hourly flow and meets the state /provincial effluent standards.  For 

some jurisdiction the minimum detention time may be as high as 45 minutes.   

• To allow for maintenance there will duplicate tanks, each should be able to treat 100% of the 

average flow. 

• The peak hourly flow factor will be at least 
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Assume in this case the standard is 2000 faecal coliforms (FC) per liter, and the influent to the basin will 

have 10
7
 FC/L. Based on what you have seen at other plants and the Metcalf & Eddy book you find that: 

• at least 3 passes are used 

• all the passes generally have the same size 

• the length to width ratio for each pass is at least 10:1 and may be as high as 40:1.  The tendency 

is that with a greater number of passes you shorten    

• the cross section of the pass have a width to depth ratio ranging from 1:0.5 to 1:2 

• assume the sides of the tank will have a freeboard (extra depth) of at least 30 cm to avoid 

overflow. 

 

Assume that each pass can be simulated as a CSTR with an active volume fraction of 0.85, so a three pass 

system can be simulated as three equal size CSTR reactors in series.  For the selected chlorine dose the 

kinetics of disinfection are assumed to be  

  rFC= -10 
 5 .

 FC    

 

TASK:  

a) Check if a three pass tank will reduce the concentration sufficiently to meet regulatory requirements. 

If not expand the number passes to meet the requirement. 

b) Design the contact tank, i.e. select the dimensions of the tank, the number of passes, the total 

hydraulic residence time. 

_________________________________________________________________________ 



2 

 

 

 We are given the projected population of the town as well as the average per capita daily 

consumption of water.  The product of these two values will be the average discharge through the 

baffled tank. The projected population is 30000, so in later calculations P=30. 

��
� � 380
&'!���!

#!( ) 30000	���� � � 11400*+
#  

 The peak hourly flow factor was also provided as a function of the population of the town in 

thousands.  This will allow us to determine the peak hourly design flow. 

�����	��	
����
� � 18 � √�
4 � √� � 18 � √30

4 � √30 � 2.477 

�����	��	
�� � 11400 /0
1 ) 2.477 � 28240 /0

1 = 1176.7
/0
�
 �	19.111

/0
/23 

 From the specified minimum hydraulic residence time and the design flow, we are able to 

compute the required volume for the tank. 

4
�����	��	
�� 5 6/232/	/ 

4 5 15	*�" ) �
60	*�" ) #

24	� ) 28240*+
#  

4 5 294.171	*+ 

Take	300	m+	as	the	initial	design	volume. 
 

 

 

 

 

 

 

 

 

 

 

L 

w 

2 x 10
6
           

FC/m
3
 

10
10

 FC/m
3 

Q = 28240  

m
3
/d 
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 The dimensioning of the tank's features must meet certain criteria.  These ratios will help us 

define the measurements for our design. 

" � "�*J��	�K	�!���� 

K � 0.3	* 

&
� 5 10 

0.5 L �
# L 2 

 We can start by expressing each dimension as a function of the width of a pass.  Setting this 

equal to our design volume will give us preliminary dimensions. 

& 5 10� 

Setting	�# � 1	we	find	� � # 

4 � P"�QP#QP&Q � P3�QP�QP10�Q � 300	*+ 

� � 2.154	* 

Therefore 

& 5 21.544	* 

# R 2.154	* 

� R 2.154	* 

 Now we can select the actual dimensions and then check to ensure they will meet the 

established requirements. 

& � 25	*, � � 2	*, # � 2	* 

depth (d) 

w 

freeboard (f) 
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&
� � 25	*

2	* � 12.5 5 10	 
0.5 L �

# L 2 

4 � P"�QP#QP&Q � P3 ∙ 2*QP2	*QP25	*Q � 300	*+ 

6 � #���"���"	��*� � 4
� � 300	*+

19.61*/*�" � 15.3min 	V 15 min 	W. X. 
 

 Each pass is to be modeled as a CSTR with an active volume fraction of 0.85.  Each reactor will 

constitute a third of this active volume. 

4�YZ2
� � 0.854 � 255	*+ 

4[\]^ � 4�YZ2
�3 � 85	*+ 

�_[ � `10abcd 

 

 

 

 

 

 We have to verify whether the current number of passes is sufficient to meet the effluent 

standard for fecal coliforms.  All densities are equal to that of water. 

Total mass balance around the first CSTR 

e''�*� !���" � f g23 ` f g�	Z 

0 � �hih ` �jij 

0 � k28240*+
# l ` �j 

�j � 28240*+
#  

Total mass balance around the second CSTR 

CSTR CSTR CSTR 
A B C D 

10
10

 FC/m
3 

Q = 28240 m
3
/d 

2 x 10
6
 FC/m

3
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e''�*� !���" � f g23 ` f g�	Z 

0 � �jij ` �[i[ 

0 � k28240*+
# l ` �[  

�[ � 28240*+
#  

Total mass balance around the third CSTR 

e''�*� !���" � f g23 ` f g�	Z 

0 � �[i[ ` �mim 

0 � k28240*+
# l ` �m 

�m � 28240*+
#  

FC balance around the first CSTR (First pass) 

e''�*� !���" � �hih ` �jij ` 4[\]^�_[ 

0 � �hcdh ` �jcdj ` 4[\]^P10bcdjQ 

0 � 10no cd
*+ 	` cdj ` 85	*+

28240*+
#

P10bcdjQ 

cdj � 3.3768 ) 10p cd
*+ 

FC analysis for the second CSTR (Second pass) 

e''�*� !���" � �hih ` �jij ` 4[\]^�_[ 

0 � �hcdh ` �jcdj ` 4[\]^P10bcdjQ 

0 � 3.3768 ) 10p cd
*+ 	` cdj ` 85	*+

28240*+
#

P10bcdjQ 

cdj � 1.14027 ) 10b cd
*+ 

 

FC analysis for the Third Pass (Third CSTR) 
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e''�*� !���" � �hih ` �jij ` 4[\]^�_[ 

0 � �hcdh ` �jcdj ` 4[\]^P10bcdjQ 

0 � 1.14027 ) 10b cd
*+ 	` cdj ` 85	*+

28240 *+
#

P10bcdjQ 

cdj � 385 cd
*+ 

 

Since the effluent FC is less than 2000FC/L, the disinfection basin performs adequately. 



/
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3. (19points fromthe 2003 Final) Tracer test results of the aerated lagooncan be modelledvia by the
followingreactorcombination. The kinetics of Toe breakdownwithin the 1,500m3aerationbasin can

r = - k . CO:888
be described by:

Where e = TOe concentration, g/m3
k =96 gO.1l2Im 0.336Id

The feed TOe concentration is 300 g/m3.

TASK:

Develop an equation that describes this system's TOe and only has the TOe at D as its unknown. DO
NOT SOLVE

Show all the equations necessary to arrive at every number you use (Le. no mass balances in your head)
in your calculations, clearly explain every step and state all assumptions.

R
100 m3/h

. ~

CSTR
V=500m3 PFR

V=200m3
F G

A
300 m3/h

B
150 m%

C
150m%

)
,

I,
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