EXAM #3

EVE 410

Fall 1999

NAME______________________

1. (20)Ground water is in equilibrium with the soil gas. Assume the partial pressure of CO2 in the soil gas is 10-1.8 atm.  List the assumptions you make.

Calculate the following: [H+], pH, CT, [H2CO3*], [HCO3-], and [CO32-].




2. (20)A sample of water from the overflow of the recarbonation basin that follows a precipitation/softening process has a pH of 9.0; 300 ml of the water require 3.1 ml of 0.04 N H2SO4 to titrate it to the phenolphthalein endpoint and 25.9 ml of 0.04 N H2SO4 to titrate it further to the methyl orange endpoint.  

Assuming the sample contains no calcite particles, 

(a) What are the total and carbonate alkalinities of the sample in meq/liter? 

(b) What are the concentrations of the major alkalinity species in the sample?

3. (20)For each of the following equilibrium systems indicate whether the effect of a small addition is an increase, decrease or no effect on the property. (No partial credit without explaining WHY.)

System
Addition
Effect on

A
H2O
Li(OH)
pH

B
HCO3- in H2O
CO2
Alkalinity and CT,CO3

C
CaCO3(s) in water
H2O
Alkalinity

D
H2O
HCO3-
pH

E
CO2 (closed)
NaOH
Alkalinity and CT, CO3

4. 
(20)Stream A which is contaminated with acid mine drainage, mixes with Stream B, an unpolluted stream, in a 1:1 volume ratio as shown below.  Before mixing, both streams are at equilibrium with the atmosphere.

For (a) and (b) only consider the following: Are the statements about the mixed stream water true or false immediately after mixing (i.e., without gas exchange)?  Justify your answer briefly. (You do not need detailed calculations)
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a. The pH of the mixed streamwater is equal to the average of the pH values of Streams A and B.

b. The sulfate concentration [SO4] in the mixed stream water is 0.5 mM.

c. Now, assume this is a closed system (we’re in a laboratory now).  What is the alkalinity of the mixed stream water?

d. Assuming a closed system, what is the CT,CO3 for stream B?

e. We’re still in a closed system.  How many mmoles of Na2CO3 are necessary to raise stream B pH from 7.0 to 7.5?

f. What is the total carbonate concentration of the stream after the pH was raised to pH = 7.5?

5. a. (10) Sketch the pC-pH diagram for the carbonate system.  Assume the system is open to the atmosphere and the partial pressure of CO2 is 10-3.5 atm.  The Henry’s Law constant for the CO2(g) - water system is KH = 10-1.5.  Label diagram correctly for full credit.  Show your work.

[image: image11.wmf]pC-pH Diagram

0

2

4

6

8

10

12

14

0

5

10

pH

-Log concentration, pC


b. (5) When pH < pKa,1, what carbonate species predominates in the system?

c. (5) When pKa,1 < pH , pKa,2, what carbonate species predominates in the system?


Additional Information

R = 1.987 cal/(mol (K) = 0.082 liter-atm/((K mol) = 8.31 J/((K mol)

PV = nRT
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Stream A


(Acid mine)


[H2SO4] = 10-3M


PCO2 = 10-3.5atm


pH = 2.7


[Alk] = -1.0 meq/L





Stream B (unpolluted)


PCO2 = 10-3.5atm


pH = 7.0


[Alk] = 2.0 meq/L





Mixed stream water





Instantaneous mixing





Same Flow Rates
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