Problem Set One: Surface Water
Solutions

1. The flow of a river at the start of a baseflow recession was 712 m3/s; after 60 days the flow declined to 523 m3/s.  What would be the flow after 400 days?

1. a = (1/t) ln (Q/Qo)
a = (1/60d) ln (523/712)
a = (1/60d) ln 0.7346
a= 5.14 *10-3 d-1

Q=Qoe-at
Q=712e-(5.14 * 10-3 d-1)(400 d)
Q=712*0.128
Q=91.1 m3/s


2.  (Hypothetically) The city of Harrisonburg decides to look for supplementary water source for the impeding urbanization expected in the region for the next three decades. They will need to withdraw 5 million cubic feet of water per day from the South River near Harriston. They need a guarantee that this flow rate will be present 90% of the time. Using your knowledge of daily duration curves and the Harriston gaging station, determine how much water (cubic feet per day) can be expected at 90% of the time, and if the 90% rule will be enough for Harrisonburg’s needs.

Solution: create a basic duration curve.

Pull all of the daily discharge records of the Harriston gaging station. Order them from highest to lowest, and normalize the data (divide each by the total number of record). The 0.90 value is around 65-70 cfs. 

68 cfs for one day = 5,875,000 cubic meters per day.

If the city needs 5.8 million cubic meters of water per day, the needs are met. However, the stream is nearly drained of all of its water, leaving less than 1 million.  


3.  A rectangular weir is placed in a small stream to measure flow.  The horizontal width of the opening is 1.5 ft, and the water rises to a height of 0.22 ft. 
a) Calculate the discharge (ft3/s) of the stream.
b) Approximately, what is the maximum size (intermediate axis) of rip rap (boulder-cobble sized material) that would be stable (non-mobile) under these conditions if the channel has a cross sectional area of 2 m2?

DUKES….BE SURE TO USE THE CORRECT FORMULA FOR THE RESPECTIVE UNITS!!!!

3a. Q = 3.33 (L – 0.2H ) H 3/2  in ft3/s
      Q = 1.84 (L – 0.2H ) H 2/3  in m3/s

Given: L = 1.5 ft, H = 0.22 ft

Q = 3.33 (1.5 – 0.2 (0.22) ) 0.22 3/2
Q = 3.33(1.5 -  0.044) (0.103)
Q= 3.33 ( 1.456) (0.103)
Q = 0.499 ft3/s
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	0.0142 m3/s

	
	
	
	



3b. Q=VA	
from 3a:
	0.0142 m3/s = (2m2)(V)
V=0.00708 m/s
		

V=0.18d 0.49
7.08* 10-3 m/s
7.08* 10-3 m/s = 0.18d0.49
0.039 = d0.49
you now essentially ‘square’ both sides of the equation, getting rid of the 0.49 (or ½)
0.039 (2.04) = d0.49*(2.04)

d =0.00136 mm



4.  An industrial park with flat-roofed buildings, large parking lots, and little open area has a drainage basin area of 398 acres.  The 25-year rainfall event has a precipitation intensity of 2.38 in/hr. 
a) What is the maximum discharge (ft3/s)  that overland flow will drain from the industrial park?
b) If the earth material comprising the stream bed is comprised of fine sand, what is the minimum cross sectional area required for stability?

4a.  Q= CIA

Area = 398 acres * (43,560 ft2/1 acre) = 17,336,880 ft2
I = 2.38 in/hr * 1ft/12in * 1hr/3600 s  = 5.51 *10-5 ft/s
 C factor= 60 to 90
Therefore:
	Q = CIA
	Q = (60 to 90)(5.51 *10-5 ft/s) (17,336,880 ft2)  
	Q = 573 to 860 ft3/s
	Q = 16-24 cms

4b. For fine sand……
Use Hjustrom Diagram
V critical ~ 15 cm/s, or 0.49 ft/s

Q = VA
573 ft3/s = 0.49 ft/s A			860 ft3/s = 0.49 ft/s A
A = 1170 ft2……………to…………	A = 1755 ft2
A = 109-163 m2


5. A winding natural stream with weeds has an average depth of 0.86 m and is 7.25 m across. The stream channel drops 0.34 m for each km horizontally. What is the average velocity of the stream?

V = R2/3 S1/2	n-1

R = A/P  {(0.86 * 7.25)} / {(2)(0.86) + 7.25}
R=0.69 m

V = R2/3 S1/2	n-1

V = (0.696)2/3 (0.00034)1/2 (0.035)-1

V=0.414 m/s
