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Bench scale experiments have been conducted to evaluate the biokinetic coefficients for a wastewater.    The coefficients determined were as follows:





Kinetic Parameter�
Value�
�
mm�
hr-1�
�
Ks�
100 mg/L BOD�
�
Y�
0.5 mg VSS/mg BOD�
�
b�
0.004 hr-1�
�



For a complete mix continuous flow and plug flow reactor determine the substrate concentration as a function of hydraulic residence time at steady state.  For your answer, plot S and X as a function of QH from 0 to 25 hours.   For both reactors, the influent substrate concentration is equal to 500 mg/L BOD.   For the plug flow reactor, assume that the biomass concentration at the inlet is equal to 150 mg VSS/L.   Note:  you can use a variety of packaged programs to solve the differential equations in this problem.





For a complete mix continuous flow reactor, determine:


the minimum hydraulic residence that could be used before washout occurs


whether it would be possible to achieve an effluent concentration of 1 mg/L of BOD


the reactor hydraulic residence time to achieve an effluent concentration of 25 mg/L


how much error there would be if a first order approximation was used in part c





A soil washing process has been proposed for study which employs an ex-situ bioreactor to treat an extracted fluid containing both surfactant and the target hydrophobic compound. The hydrophobic compound does not affect the biodegradation of the surfactant in anyway.  Surfactant biodegradation has been found to follow standard Andrews growth kinetics.    It also has been determined that surfactant presence is inhibitory to hydrophobic compound degradation.  The effects of surfactant inhibition on the hydrophobic compound biodegradation can be simulated using the following growth rate expression:














                                                                                     Sh


                                              µ  =  µm [1 - Ss/S*s]n    ________


                                                                                 Ks +  Sh





where:	µ	= 	specific growth rate constant of biomass on hydrophobic compound


	µm 	=  maximum specific growth rate constant on hydrophobic compound


	Sh 	=  concentration of hydrophobic compound


	Ss 	=  concentration of surfactant


	S*s 	=  concentration of surfactant that causes cessation of growth


	Ks 	=  saturation constant for hydrophobic compound


	n  	=  experimentally determined exponent





Presented below are kinetic parameters derived experimentally for the two substrates.   





	Hydrophobic compound	Surfactant





	Ks = 5 mg/L 	Ks = 40 mg/L


	µm = 5.0 1/day	µm = 1.0 1/day


	b  = 0.05 1/day	b = 0.05 1/day


	Y = 0.5 mg VSS/mg sub.	Y = 0.5 mg VSS/mg sub.


		Ki = 5 mg/L





For inhibition of surfactant on hydrophobic compound:  	S*s = 100 mg/L and n equals 2.





A continuous flow complete mix bioreactor without recycle with a hydraulic residence time of 3 days has been designed to treat the surfactant and hydrophobic compound mixture.   Influent concentrations to the reactor are 20 mg/L and 100 mg/L for the hydrophobic compound and surfactant, respectively.   There is no discharge standard for the surfactant but the hydrophobic compound must be reduced to below 0.5 mg/L. 





Questions:





Plot u versus S for the  surfactant





Using the current design, will any of the surfactant be degraded?  If so, how much?  If not, why not?





What is the minimum hydraulic detention time for surfactant biodegradation to be achieved?





If the hydraulic detention time was changed to 20 days, what concentrations would be achieved for surfactant and hydrophobic compound?





Is the hydrophobic compound standard met at a 20 day hydraulic detention time?  If not, how long would the hydraulic detention time have to be to achieve the standard?


                               





As part of these first two questions, you are to develop the mass balance equations required for the solution.   To solve this problem you may assume that two separate and distinct biomass cultures are responsible for the degradation of the hydrophobic and surfactant.    Further, you may assume that with the exception of the surfactant’s inhibition on the degradation of the hydrophobic compound, there is no interaction between the two biomass cultures.  


 











