CE523 ASSIGNMENT3 SOLUTIONS
Coagulation and Flocculation

1. Calculate the Ca(OH)2 (slaked lime) dosage required to counteract the acidifying effect of a dosage of 40 mg/L FeCl3 used for coagulation.  


Express this dosage as CaCO3 equivalents.  
Chemical reaction involved when lime is added:

FeCl3      +
 3 H2O


                       Fe(OH)3(s)
  +  3H+  +   3Cl-   

3/2 Ca(OH)2  needed to neutralise the  3 H + Cl -    



ie for 2 moles of FeCl3, 3 moles of Ca(OH)2 are needed.

Amount of slaked lime required  3/2 x 74/(56 + 3x35.5) x 40
=
27.3 mg/L

Express dosage as CaCO3 equivalent:  100/74 x 27.3

=
36.9 mg/L

Therefore, dosage of required lime, [Ca(OH)2]
  =
36.9 mg/L as CaCO3
2. Determine the height of inflow to a tank required to ensure an energy input of 4 kJ/m3 while dosing 30 mg/L of Al3+ as Al2(SO4)3.18H2O.  Calculate the daily requirements for these chemicals in a 12 ML/d plant.  If the mixing occurred in a tank with volume of 30 m3, calculate the Campno in this tank.

Height of inflow to a tank:

Potential energy, E
=  mgh

where m
=
mass of 1 m3 of water







g
=
acceleration due to gravity







h
=
height of inflow to a tank

E

=
4 kJ/m3
=
4000 kg m -1.s-2
m  

=
1m 3 or 1000 kg of water

g

=
9.81 m/s2
So, height of inflow to a tank, h
=
E/mg






=
4000/(1000 x 9.81)
=
0.41 m

Daily requirements for Al2(SO4)3.18H2O

One mole of Al2(SO4)3.18H2O to two moles of Al3+
Al2(SO4)3.18H2O



:
2Al3+
2(27) + 3(32.1 + 4(16)) + 18(2(1) + 16)
:
2(27)


666




:
54
30 mg/L as Al is therefore

=
(666/54) x 30 mg/L
=
370 mg/L Al2(SO4)3.18H2O

Q
=
12 ML/d

=
12 x 106 L/d

Dosage of Al2(SO4)3.18H2O

=      370 mg/L x 10-9 mton/mg x 12 x 106 L/d

=
4.4 tonne/day or ~ 5 US tons
Camp# =
Gt

t
=
V/Q
=    30 m3/(12000 m3/(24 x60))   =  3.6 min  =  216s

G
=
((Q(gh)/(V())0.5
Q
=
12 ML/d
=
0.139 m3/s

(
=
1000 kg/m3
g
=
9.81 m/s2
h
=
0.41 m

V
=
30 m3
(
=
10-3 kg/m.s (reasonable assumption at ambient temperatures)

G
=
[(0.139 x 1000 x 9.81 x 0.41)/(30 x 10-3]0.5
=
137 s-1
Camp No
=
Gt
=
137 x 216s


=
29,592
3. A spiral shaped flocculation channel needs to be designed to impart a Camp no of 20,000 to the processed water while passing through this channel.  The average cross-sectional area of the channel is 0.4 m2, the rate of throughput is 0.5 mgd (1.9 ML/d) and the total length of the channel is 70m.
a) If gravity is the only energy input, calculate the minimum required difference in water elevation between the inlet and the outlet of the channel.  



b) If this difference is less in practice, name two practical ways how the channel could be modified best to achieve the required Camp no?




c) If the flow rate were to be doubled, what would the effect be on the Camp no, will it increase or decrease?  Explain why.

Channel volume  
=
70 x 0.4   
= 
28 m2
Flow rate

=
1.9 ML/d  
= 
0.022 m3/s

Retention time  
=   
28/0.022
=
1272s 






Velocity gradient, G   
=   
20,000/1272
=  
15.7 s-1
P


=         G2μV

=     
 6.9  W

      a)     
h      
=    
P_____        
=    _6.9                       =  0.032 m or 3.2 cm

  


(kg/s)g
       
      1000 x 0.022 x 9.8
b) Changing the shape or size of the channel is one option but expensive.  Roughness of the channel could be increased.  Better to increase the turbulence in the channel to increase the head loss.  This can be achieved by adding (more) baffles.

c) Camp No  =    Gt
=  (P/(V)1/2 x t
= (Q(gh/(V)1/2 x V/Q   = (V(gh/(Q)1/2 

If Q becomes 2Q, then the new value for Gt will become (1/2)1/2 Gt
 =  0.71 x Gt
4. Consider a paddle flocculation system designed for a certain flow rate.  The plant is to be upgraded to meet a demand of 50% more. You have to investigate what the implications would be if the same flocculator were to be used and the Camp number to be maintained within the acceptable limits.  Determine what changes you would have to make, clearly stating your assumptions.  Consider at least two options, but think these through all the way in terms of their implications. 
There are various options: increase the paddle speed, increase paddle size or numbers
Increasing the paddle speed will require a larger motor as it requires more power.  However, since electric motors run at certain specific speeds, major changes would have to be made to the gearbox and be really expensive.

Making the paddles larger means replacement – might be easier to just add paddles, but this will depend on the actual design.  A larger motor would also be required again as it inevitably requires more power.  However, it is likely that the same gearbox could still be used.

Water Quality


5.  Which term best describes a low level intake of lead over a few years?

a) mutagenesis b) phosphorescence c) acute toxicity d) chronic toxicity e) genotoxic 

f) teratogenesis g) carcinogenesis h) accumulation i) all or none depending on concentrations

















































