Assignment 1 Solutions


Question 1  (1 point)
A first-order reaction is directly proportional to:

(a) Concentration
The unit of reaction rate constant (k) in the first-order reaction is:

(a) T-1

Question 2  (1)
A bacterium, with the density of water and a diameter of 1(m, is able to propagate at a doubling of population every 20 minutes.  Estimate the mass attainable after 3 days.  State all assumptions.  

Solution

Assume the bacteria are spherical and there are enough nutrients available for the bacterial reproduction and growth, then the bacterial mass after 3 days is found as follows

Nbacteria 
=  
2 3(24 x 60/20)   =  1.052x 1066
Vbacterium
=
4/3 x π x (1/2x10-6)3  m3
ρbacteria

=
1 x 103 kg/m3, same as water, close enough
Mbacteria   
=  
Nbacteria Vbacterium ρbacteria  =  5.5 x 1049 kg
The mass of bacteria is 5.5 x 1046 m.ton, orders of magnitude more than the mass of Earth!
Note: With all approximations, we could have assumed for simplicity that bacteria are cubical.
Of course, this could never happen, why?
Question 3 (1)
Up to which height above sea level can a dissolved oxygen level of 9 mg/L be maintained in water at 100 C? 

Solution
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Question 4 (4)
Is it possible that an accidental wastewater discharge, with a BOD of 200 mg/L, caused a fish kill 5 miles downstream in a creek?  The amount of wastewater released was 200,000 gallons over a 3-h period.  The stream flow is 2500 m3/h and the creek has an average depth of 0.9m and an average width of 12.5m, is well aerated and is situated 450m above sea level and the water temperature during this week was 150C.  The degradation rate constant of the wastewater organic material is 0.2d-1.  
L0 = BODmix   = 200 x 252/(2500+252) = 18.3 mg/L   k1 = 0.2/d = deoxygenation constant

Saturated DO
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Average stream velocity (it could  be argued this was before wastewater input, in which case the stream velocity would be more correctly 2752 m3/h), but here the flow rate is still 2.5 MLd-1:
Rate/cross-sectional area = 2500/(0.9x 12.5 x 3600)  =  0.062 m/s

Estimate reaeration constant (1)
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      Wastewater flow = 252 m3/h (1)
DO of the mix, assuming the stream is saturated and the wastewater has no DO, would be 9.6 x 2500/2752  =  8.72, so the deficit is 9.62-8.72 = 0.9 mg/L. 
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 = [1/(0.75 - 0.2)] x ln0.75/0.2[1 – 0.9x1.425/(0.2x18.3)]


  =   1.55 d
The distance reached over a period of 1.25 days =  0.062 m/s x 3600 x 1.55 x 24 





   =  8.7 km  = 5.5 mi  (1)
Maximum deficiency = k1/k2 x Loe-k1t  = 0.2/0.75 x 18.3 e-0.2x0.75  = 2.5 mg/L (1)
Therefore, the DO will drop down to about 9.6 – 2.5 mg/L, 7.1 mg/L.  The wastewater is capable of a fish kill over the distance found, although the deficiency is low, and only highly sensitive fish such as trout could have been affected, but probably not killed, unless there were other toxic problems.  
Question 5

A lagoon is be used to treat industrial wastewater of 250 mg/L at a flow rate of 2 ML/d.  The degradation of the BOD occurs at a rate of 0.3d-1.  
What volume is required, assuming that the contents are fully mixed, to attain an effluent BOD (Le)  =  30 mg/L?  (Which is 30 g/L or 30 kg/ML)


        Q  =  2ML/day 





 Q = 2ML/day
Most importantly, it has to be appreciated that the lagoon operates under steady state.  An important assumption is that the lagoon contents are reasonably mixed, so that the BOD in the lagoon = Le and that the breakdown is really just a function of the total amount of BOD in the lagoon and the degradation rate, k1.
A  mass balance will show that  Q(L0 – Le)  =  k1LeV

V  =  2 ML/d x (250 – 30) mg/L         =    48.9 ML     That is > 24 d!
(1)
                 0.3 d-1 x 30 mg/L
What needs to be avoided is to take the approach as below, with a variable BOD.  

This would only occur in a batch process.  I only mention this as a very frequent mistake.
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Solve for t, which is found to be 7 days  and then conclude  [image: image14.png]=
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Note that this is INCORRECT
Determine what would be the required volume of two equal-sized lagoons in series.


This situation has two unknowns and requires two equations, each based on a mass balance over each lagoon.

Q(L0 – L1)  =  k1L1V  


and 


Q(L1 – Le)  =  k1LeV   (1)
When L1 is determined out of the second and substituted in the first equation, we obtain a quadratic equation for V.  This can be solved in various ways, e.g. by trial-and-error, but the answer should be about 12.56 ML for each lagoon.   (1)
The sum of the volumes is almost 50% less than that of a single lagoon. Why?  The degradation in the first lagoon is at a higher rate, with a BOD of L1  = 87 mg/L and the second lagoon has a smaller load, based on lowering the BOD from 87 to 30 mg/L and not 250 to 30 mg/L.  
More lagoons becomes even better, such as 60% volume savings with three, but it would possibly become more expensive to construct more than three in terms of complexity of layout, outlet structures and connecting channels.  More is good though to help settling and thus improve effluent quality..(Note also that with the incorrect batch approach, there would be no volume savings.)
BODout = 30mg/L








   k1LV     k1 = 0.3/d








BODin = 250mg/L








Le = 30mg/L
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L0  = 250mg/L
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k2  = 3.9 (0.062)0.5 (1.02515-20)0.5/ 0.93/2   =  0.75 d-1
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