Seoul National University
Contaminant Transport Analysis

Department of Civil & Environmental Engineering _______________________________________________________________________________________________


2nd Exam
-
60 minutes are given.
-
Problem set need not to be resubmitted. 
-
Answers should be written in the blue book with the same order to the questions.
· All problems should be taken home, solved, and submitted as homework at the first class of the next week. 
· Assumptions may be made by examinee. 
PROBLEMS

1. Monod kinetics and Michaelis-Menten kinetics (15)

Describe the two kinetics and the difference between them, briefly but clearly.

2. Biodegradation (15)

Imagine the case where a biodegradable organic compound is added in a sharp input and dispersed to a particular concentration, So [M/L3]. A microorganism existed before the introduction of the compound and the initial population is Xo [M/L3]. The microorganism can degrade the compound and its cell number increase exponentially. Cell numbers of the microorganism finally increase to a point where cell population is sufficient to consume all of the substrate and drop dramatically after the point. The time period, tcrit from the starting point to the point can be approximately expressed as follows. Derive the equation.
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where
Y = yield of the microorganism in the system; and

μmax = maximum growth rate of the microorganism in the system [1/T].

3. Flux Chamber (20)
Figure 1 shows the schematic for the dynamic chamber method to measure the gas emission flux from landfill surface. 


[image: image2]
Figure 1. Dymanic Chamber Method for Landfill Gas Emission Flux

We modify the chamber set as Figure 2. The stirrer may make the inside of the chamber  homogeneous. Also, the inert gas is so clean and the concentration of landfill gas in the inert gas, i.e, Cin, is negligible. Then, derive the equation for concentration change over time, i.e., C(t). Eventually, C(t) reaches steady state. If we can assume CLFG and QLFG are constant and we keep Qin much greater than QLFG during monitoring, estimate the emission flux using C(t).


[image: image3]
Figure 2. Modified Chamber Method

4. Retardation factor (20)
A solute which is distributed between water and soil transports in the groundwater. The one-dimensional mass transport of the solute can be expressed as follows:
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where
C’ = mass of the solute sorbed on the solid phase per unit volume of groundwater [M/L3];


C* = mass of the solute sorbed on the solid phase per unit volume of medium [M/L3];


C = concentration of a solute in groundwater [M/L3];


Cs = concentration of the solute sorbed on the medium solid [M/M]; 


Dh = hydrodynamic dispersion coefficient [L2/T];

vz = seepage velocity [L/T];

nt = total porosity of the medium; and


t = elapsed time [T].
When the distribution (or partitioning) of the solute between water and soil can be explained by the linear isotherm model, for example, Cs = KpC (where Kp = partition coefficient of the solute between water and medium solid), derive the retardation factor (Rf) and simplify the mass transport equation.
5. Breakthrough curve (30)
Following figure is an example of column test. The inner diameter of column is 10cm. The column is completely saturated and homogeneously filled with sand of which total porosity is 0.35. The inflow rate of feed solution is constant, i..e, 10cm3/min and a tracer and nanoparticles injected at 10mg/L for only 1 minute. The partitioning of nanoparticles can be explained with the linear model and the partition coefficient is 100L/kg. Draw the breakthrough curves of the tracer and nanoparticles (concentration versus elapsed time format) together. Assume the hydrodynamic dispersion coefficient of tracer is 10 times less than that of nanopaticles and the amount of tracer and nanoparticles did not affect the flow rate. If you need more information, just assume it but reasonably.

[image: image6]
Figure 1. Example of a column test

 - Good luck! -
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Waste Management & Resource Recirculation Lab.  http://waste.snu.ac.kr/
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