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Problem 1  (40 Points) – All parts of this problem are related.
Easton wastewater treatment plant treats wastewater at average flow rate and BOD of 11.50 ft3/sec and 150 mg/L respectively.  The reactor decay constant is 0.40 day-1.


A. Under the stated conditions the hydraulic detention time is 16 hours.  What is the volume of the treatment reactor? Report your answer in million gallons (Mgal). (5 Points)











B. Assuming completely mixed conditions, what is the steady state concentration of the BOD in the upper right quadrant of the reactor?  Report your answer in mg/L.  (5 Points)







C. On September 18th, 2004, topical storm Ivan blows through the Lehigh Valley causing flooding in low-lying areas, Easton being one of the hardest hit areas.  The Easton wastewater treatment plant (EWWTP) receives wastewater through a combined sewer system (i.e., both the stormwater and sewage combine and are treated together at the treatment plant).  The added storm flow increases the average flow rate entering the EWWTP by 4 cfs.  Assuming that the storm flow has a BOD of 20 mg/L and degradation (breakdown) of the combined storm flow and wastewater BOD does not start until the flow enters the reactor at the EWWTP, what is the new BOD concentration entering the reactor?  Report your answer in mg/L.  (5 Points)

















D. Because tropical storm Ivan hits the Valley so fast the increased flow conditions affect the EWWTP almost immediately.  Assuming the volume of the tank (reactor) remains the same what is the new hydraulic retention time? Report your answer in hours.  (5 Points)















E. Assuming flow rates and BOD concentrations entering remain constant what would the BOD in the tank (reactor) be 6 hours after the storm flows hit the EWWTP?  Because of the dilution of the influent wastewater a new decay rate is calculated to be 0.35 day-1.  (10 Points)





















F. What is the BOD concentration of the outflow from the reactor entering the Delaware River 6 hours after the storm flow hits?   Assuming a river dilution factor of 20, a river k of 0.20 d-1 and the ability to travel down river 2 days later to collect a sample from this slug, what would the concentration of BOD in the down river slug sample be?  Report you answer as mg/L.  (5 Points)





G. Assuming the high flows remain constant for an extended period what would the new steady state BOD concentration in the reactor be?   Report you answer as mg/L.  (5 Points)

Problem 2  (30 Points) – All parts of the problem are related

A lake is known to be composed primarily of two types of algae.  The chemical composition of each of the known algae’s is as follows:


Algae #1 – C60H87O23N12P


Algae #2 – C106H263O110N16P

Where C = 12 g/mole, H = 1 g/mole, O = 16 g/mole, N = 14 g/mole, P = 31 g/mole

The current nutrient feed concentration (supply) to the lake is 9.1 parts of nitrate (NO3-) to 1 part of orthophosphate (PO4-3).  The algal population is based on a 60/40 distribution of the nutrient demand. (i.e., overall demand = 60% Algae #1 demand + 40% Algae #2 demand). 

A. Based on the chemical information provided what is the nitrogen to phosphorous demand needed to support the overall defined algal ecosystem? (7 Points)

















B. Assuming the nutrient feed concentration to the lake remains constant what is the overall limiting nutrient? (8 Points)






C. Students from Lafayette head to the lake to study the dynamics of the algal interaction.  The day of their study samples are taken.   Analysis of the samples proves to show concentrations of nitrate to be 27.3 mg/L and orthophosphate to be 3.0 mg/L.  Based on a flow measurement of 1000 m3/day, what mass of each type of algae can be expected to grow assuming the overall limiting nutrient is distributed as defined (i.e., 60% algae #1 to 40% algae #2), all available limiting nutrient is used for algal growth and growth is calculated considering only the overall limiting nutrient? (10 Points)

D. Provide an explanation as to why both algae’s may be able to coexist based on their chemical composition and a natural competition for available nutrients. (5 Points)

Short Answer Section (35 Points)


Keep written answers to a sentence or two!  Use diagrams when appropriate.

1. Draw a hydrograph and define the significant areas and points as described in class and in your book. (5 Points)



























2.  Define a watershed.  (5 Points)












3. What is a “Trophic Level”?  (3 Points)












4. How does a reaction that takes place in a stream differ from a reaction that takes place in a “CSTR”?  And how does a reaction that takes place in a CSTR differ from a reaction that takes place in a batch system?  Use mathematical relationships to support your answer.  (7 Points)

5. A concentration of 50 mg/L, HCO3-, 1 mg/L CO3-2 exist in a sample of water.  You understand from a water quality class that these two species when reported as CaCO3 and summed are used to evaluate alkalinity.  Report the alkalinity as CaCO3 considering the concentrations provided in this problem. (5 Points)

Atomic Weights: H = 1 g/mole, C = 12 g/mole, O = 16 g/mole, Ca+2 = 40 g/mole























6. What is the difference between a chemoautotroph and a chemoheterotroph?  (5 Points)












7. Define the difference between biomagnification and bioconcentration.  (5 Points)




















Formula Sheet Test 1

1) Density of water = 1000 kg/m3 = 62.43 #/ft3



2) 7.48 gal/ft3
3) 8.34 #/gal



4) 1000 L/m3
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