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CE 5366 – Water Resources Management Exercise Set 5

Purpose: Linear Programming

Exercise

1. A city is currently treating 8 MGD of wastes in a treatment plant and discharging 12
MGD of untreated waste into a river. A new plant is proposed. Figure 1 is a schematic
diagram of the overall treatment system.

Figure 1: Schematic of Treatment Plant Options

The decision variables are:

x1 is the wastewater treated in the existing plant, in MGD.
x2 is the wastewater treated in the new plant, in MGD.
x3 is the wastewater discharged directly into the river (untreated), in MGD.

The existing plant has 80% removal efficiency. The proposed plant will have 90%
efficiency. The existing plant has a maximum capacity of 8 MGD.
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The Pollution Authority has recommended that the new 15 MGD plant be constructed.
The plant will have a 30-year design life and a 5% annual construction loan can be
secured. The Authority requires water to enter the river at a concentration of 25ppm
BOD or less. The city refuses to build the $43.2 million facility because they claim
the plant is too expensive. Because the city has resisted, the Pollution Authority has
imposed a fine of $10,000 per day.

a) Determine the annual fine assuming the city pollutes the river 365 days/year.

b) Calculate annual payment on the 30 year loan to build the plant.

c) Compare the annual fine and construction costs. Is it cheaper for the city to continue
to pollute the river or to construct the plant.

d) Determine the water quality of the blended water (treated+untreated) from the
existing plant. Assume that x2 = 0.

2. The Pollution Authority wants to determine the effect of the fine upon the town’s
decision to treat its waste.

a) Determine the unit cost of the $10,000 fine for untreated wastes (i.e. $10,000 =
c3 · x3, what is the value of c3?) assuming the untreated waste discharge rate is 12
MGD at 200ppm BOD.

b) Build an LP model to minimize the total annual construction and fine costs for the
town. Consider the capacity of the current plant and the effluent flow of 20 MGD.
The capital unit cost to build the new plant as a function of the treatment flow rate
through the new plant is c2 = $2.88 × 106 · x2

c) Solve the LP model using R (or Excel).

d) Is the fine sufficient to make the building of the plant economically attractive?

e) What effect does doubling the fine have on the construction decision?

3. If the Pollution Authority is required to change the water quality restrictions to a
blended quality of 20ppm BOD or less, what is the best size and cost of the new
facility, assuming the city does not wish to incur any non-compliance fine.
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