Cleaning Up the Great Lakes

A simple mathematical model that can be used to determine the time it would take fo clean up the
Great Lakes can be developed using a multiple compartmental analysis approach. In particular,
we can view each lake as a tank that contains a liquid in which is dissolved a particular pollutant °
(DDT, phosphorus, mercury). Schematically, we view the lakes as consisting of five tanks
connected as indicated in Figure 5.48.

Figure 5.48 Compartmental model of the Great Lakes with flow rates {mi*/year} and volumes (mi3)

For our model, we make the following assumptions:

1. The volume of each }.ake remains constant.
2. The flow rates are constant throughout the year.

3. When a liquid enters the lake, perfect mixing occurs and the pollutants are uniformty

distributed.
4. Poliutants are dissolved in the water and enter or leave by inflow or outflow of solution.

Before using this model to obtain estimates on the cleanup times for the lakes, we consider
some simpler models:

{(a) Use the outflow rates given in Figure 5.48 to determine the time it would take to “drain”
each lake, This gives a lower bound on how long it would take to remove all the polutants.

(b) A better estimate is obtained by assuming each lake is a separate tank with only clean
water flowing in. Use this approach o determine how long it would take the pollution
level in each lake to be reduced to 50% of its original level. How long would it take to
reduce the pollution to 5% of its original level?

(c) Finally, to take into account the fact that pollution from one lake flows into the next
lake in the chain, use the entire multiple compartment model given in Figure 5.48 to
determine when the pollution level in each lake has been reduced to 50% of its original
level, assuming pollution has ceased (that is, inflows not from a lake are clean water).
Assume all the lakes initially have the same pollution concentration p. How long would
it take for the pollution to be reduced to 5% of its original level?



