CE 523  Assignment 7
WATER SOFTENING

To be completed by March 22, 2010
No need to turn in full problems 1 and 2, unless you want them checked.
1. Water has an Alkalinity of 90 mg/L, Ca-H of 120 mg/L (both as CaCO3) and a pH of 8.8.  Calculate how much CaCO3 you would expect to precipitate from this water if enough time is allowed.  Temperature 15 C and TDS 200 mg/L. You may just provide the answer.
2. Water has an Alkalinity of 180 mg/L, Ca-H of 180 mg/L (both as CaCO3) and pH of 7.3.  How much NaOH would you have to dose to result in water with a precipitation potential of 5 mg/L?  Temperature 17 C and TDS 220 mg/L.  You may just provide the answer.
3. River water is to be used to prepare drinking water.  The water is to be coagulated, chlorinated and stabilized.  An analysis of the water shows that the pH is 7.5, Alkalinity 105 mg/L, Ca-H 98 mg/L (both as CaCO3), Cl- 50 mg/L, SO42- 60 mg/L, TDS = 400 mg/L, temperature 20C.  The coagulant demand is 200 mg/L as Al2(SO4)3.14H2O and coagulation is best effected at a pH of 6.5.  Chlorine demand of the water is 5 mg/L and this should be done with chlorine gas at a pH of 7.0.  The water finally needs to be distributed with a precipitation potential of 3 to 5 mg/L.  Use MCL and Deffeyes diagrams to calculate required dosages of Ca(OH)2, CO2 or soda ash, to achieve the desired objectives.  

4. Water has an analysis as follows.  Alkalinity  =  150 mg/L, Ca-H  =  270, Mg-H  =  80 mg/L (all as CaCO3).  The water is at 17C (you could use either 20 or 15C), conductivity of 40 mS/m and has a pH of 7.8.  The desired total hardness is 120 mg/L.  Show 3 different pathways (involving different combinations of chemicals) for softening the water to this value.   Show the pathways on MCL diagrams.  (Suitable chemicals will be Ca(OH)2, NaOH, Na2CO3, NaHCO3 and CO2, but no need to use them all.)
5. Water in the Mid-West has a typical analysis of Alkalinity = 170 mg/L, Ca-H = 300 mg/L, Mg-H = 75 mg/L (all as CaCO3) and pH =7.8.  The water is softened by adding lime to remove 1/2 of the Mg-H and as much as is practical from the Ca-H.  Carbon dioxide is used to finally stabilize the water with a precipitation potential of 5 mg/L and a pH of 9.0.  
(a) Determine the total hardness value that can at best be attained. 
(b) Determine the total hardness value that can at best be attained using the same chemicals and aiming only for maximum Ca-H removal with no Mg removal. 

(c) Compare chemical dosages required for both treatment strategies in (a) and (b)
(d) Compare residual masses produced per cubic meter of water in both cases.

6. Design an ion exchange system for softening Iowa ground water from an average Ca hardness of 300 mg/L down to 125 mg/L (as CaCO3) for a 10 mgd plant using 8% cross-linked styrenedivinylbenzene SAC resin.  Design to minimize NaCl usage for regeneration and also maintain maximum flexibility with respect to operation and maintenance.  Also calculate volumes and concentrations of spent regenerant solutions and propose disposal.
