
ESGN 541 Homework #3 Spring 2008

The first questions are design to be done in a spreadsheet. Support your spreadsheet
calculation with a summary of the equations used for each column. Organize your
spreadsheet so I can easily follow your logic.

1. Basic monod model.

It is important to understand the sensitivity of substrate consumption and biomasss
production relative to the kinetic parameters.  It gives you a better sense of the
importance of variations in each parameter.  Use the following monod parameters

Baseline kinetic parameters
K = 100 mg BODL/L

€ 

ˆ q  = 48 mg BODL/mg VSSa-d
Y = 0.5 mg VSSa/mg BODL

create three plot of S and Xa vs time.  Use a maximum value of 0.1 d for time, an initial S
= 100 mg/L BODL/L and an initial Xa of 10 mg VSSa/L.

In the first plot vary 

! 

ˆ q  (4.8, 48 and 240 mg BODL/mg VSSa-d) and keep K and Y constant
(baseline values)
In the second plot vary K (10, 100 and 1000 mg BODL/L) and  use baeline 

€ 

ˆ q  & Y.
In the third plot vary Y (0.05, .5 and 0.8 mg BODL/mg VSSa) and use baseline 

! 

ˆ q  & K.

How sensitive are S and X to variations in K, 

€ 

ˆ q , and Y?

Chemostat analysis.  The next series of questions leads you through the stepwise
development of a spreadsheet that will determine effluent values and rates of addition for
the components presented in Chapter 3.

2. For an aerobic chemostat with parameters given below, plot S, Xa, Xi and Xv versus Θx

for Θx between 

€ 

θx
min  and 20 days.

System parameters kinetic parameters
V = 12 L K = 100 mg BODL/L
Q = 1 L/hr

€ 

ˆ q  = 48 mg BODL/mg VSSa-d
S0 = 220 mg BODL/L b = 0.1 dÐ1

Y = 0.5 mg VSSa/mg BODL

fd = 0.8

What minimum value of Θx do you recommend for stable operation of this chemostat?

What is the minimum value of S that can be achieved by this chemostat?



3. Determine the rates of N, P and O2 (mg/d) required at Θx = 20 days for the chemostat
system in question 2.

4.  Use the chemostat data in question 3 and add influent active biomass = 20 mg VSSa/L
and influent inert biomass = 50 mg VSSi/L. Copy your worksheet for question 2 to a new
worksheet to be modified.

This should modify the plot of S, Xa, Xi and Xv vs Θx = 

! 

" x
min  to 20 days

5. Use the chemostat data in question 2 and add influent particulate substrate = 100 mg
BODL/L. and khyd = 3 dÐ1.

This should also modify the plots of S, Sp , Xa, Xi, and Xv vs Θx = 

! 

" x
min  to 20 days

Present the total effluent COD concentration at Θx =  20 days.

6.  Add the production of UAP and BAP to the chemostat from question 2.
k1 = 0.12 g CODp/gBODL
k2 = 0.09 g CODp/gBODL

€ 

ˆ q UAP =1.8 gCODp/ g VSS-d
KUAP = 100 mgCODp/L

€ 

ˆ q BAP=0.1 gCODp/ g VSS-d
KBAP = 85 mgCODp/L

Present the effluent concentration of UAP and BAP and the total soluble COD
concentration at Θx =  20 days.

7. Question 3.19 of text


