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Homework #11
Due Date: Friday, 4/13/11
1. A series of jar tests revealed the optimum alum dosage for a water treatment plant to be 50 mg/L at a pH of 6.5.  The plant treats 10 million gallons of river water daily.  The average suspended colloid concentration in the river water is 300 mg/L and the average HCO3- alkalinity concentration of 50 mg/L expressed as CaCO3.


a. Determine the total daily sludge production at the optimum alum dosage.

b.
Determine the percentage of aluminum hydroxide in the sludge.

c. Determine the reduction in alkalinity due to the addition of alum.



2. The following figure shows a gravitational thickener used in numerous water and wastewater treatment plants.  This device separates suspended solids from the water by taking advantage of the fact that the solids have a higher density than the water.  The flow into the thickener is called the influent or feed, the low-solids exit stream is the overflow and the heavy- or concentrated-solids exit stream is the underflow.

Suppose a thickener in a metal plating plant receives a feed of 40 m3/hr of precipitated metal plating waste with a suspended-solids concentration of 5000 mg/L.  If the thickener is operated in a steady-state mode so that 30 m3/hr of flow exits as the overflow and this overflow has a solids concentration of 25 mg/L, what is the underflow solids concentration and what is the recovery of the solids in the underflow. 
3 Ferric Sulfate (Fe(SO4)(7H2O) (also known as copperas) is to be added at a rate of 150 lb/Mgal to a wastewater to improve the efficiency of an existing primary sedimentation tank.  Assuming that sufficient alkalinity is present as Ca(HCO3)2 determine the following:

       (note:  See last page of homework questions for the needed reactions)

a. How many lbs. of lime should be added as CaO to complete the reaction?

b. What must the concentration of oxygen be in the wastewater to oxidize the ferrous hydroxide (Fe(OH)2) formed to ferric hydroxide (Fe(OH)3).

c. How many lbs. of sludge will result pre Mgal.

d. Compute the amount (lb.) of alum needed to obtain the same quantity of sludge as in part (c), assuming that Al(OH)3 is the precipitate.


Key Reactions for Ferrous Sulfate (Fe2+ to Fe3+)

1. The following equation represents the amount of alkalinity used to form Fe(HCO3)2.
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2. Once Fe(HCO3)2 is formed lime is added to raise the pH enough so that the Fe(OH)2 complex is formed.
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3. Since Fe(OH)2 is not insoluble enough Fe2+ must be oxidized to Fe3+, the more insoluble form, so the iron may be removed from solution.
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Alum Reaction
Comparison between the usage of alum vs. iron for the total amount of sludge and alkalinity used the following reaction is provided.  (Remember total sludge would include sludge from both equations 2 and 3.)
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4. The town on Eau Gaullie has requested proposal for a new coagulation water treatment plant.  The design flow for the plant is 0.1065 m3/s.  The average annual water temperature is 19oC.  The following design assumptions for a rapid-mix tank have been made.

a. Number of tanks = 1 (with 1 backup spare)

b. Tank configuration: circular with a liquid depth – 2 X diameter

c. Detention time = 10 sec

d. Velocity gradient = 800 sec-1
e. Impeller type: turbine, 6 flat blades, Np = 5.7

f. Available impeller diameters: 0.45, 0.60 and 1.2 m

g. Assume B = (1/3)H

Design the rapid-mix system by providing the following:
a. Water power input in kW

b. Tank dimensions in m

c. Diameter of impeller in m

d. Rotational speed of impeller in rpm
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