Hydraulic Engineering
Second Test, 2007 (100/110)
Name and ID: ___________________________
Rules: one page cheat sheet two sided allowed; Walton text notes and textbook. No: cell phones, non-ABET calculators, or other materials. Fill in the answers in the space provided with units; use the white space to show your work. You MUST show work to receive credit.  
1. (25 pts) The 2-hour rain yesterday generated 3 cm of direct runoff. A unit hydrograph for a two hour storm is triangular and begins at 0.5 hours, reaches a peak of 12 m3/s at a time of 1.5 hours and declines to zero at 2.5 hours. Base flow is 2 m3/s. A 100 year, 2 hour storm creates a similar hydrograph except the peak is at 33 m3/s.
a) (15) Create a hydrograph for a storm that generates 0.5 cm of direct runoff and draw it in below.

Answer to a: 
Synthetic storm = base flow + half of unit hydrograph
So draw a straight horizontal line at 2 m3 all the way across. Since the synthetic storm is ½ of a unit storm the unit hydrograph is reduced by ½. On top of the 2 m3/s base flow draw a triangle beginning at t=0.5 hours at a flow of 2 m3/s, reaching a peak of (12/2+2 = 8 m3/s) at 1.5 hours and declining back to 2 m3/s at 2.5 hours. 

Partial credit: give them most of the points if there is a simple arithmetic error
Answer to b:
 Volume of water in unit hydrograph = ½ base*height = ½ 2 hr*12 m3/s*3600 s/hr = 43200 m3
Volume also equals 1 cm (0.01 m) over the drainage basin area so the area is equal to the volume/0.01 m or 100 times the volume = 43200/0.01 = 4,320,000 = 4.32 106 m2 

2. (30) Mean peak annual flow from the Paria River is 333 cfs, median peak flow is 310 cfs, the standard deviation is 100 cfs. The time of concentration is 12 hours and the rational coefficient is 0.6. Catchment area is 28 square kilometers. A footbridge is designed for the 12 year storm. A 100 year storm occurred last year when 6 inches of rainfall fell in 8 hours.
a. (10) What is the probability that the footbridge will fail within the next 5 years? 

P = 1-(1-p)n = 1-(1-1/12)5 = 0.35 = 35%








b. (10) What storm return period would be required to give a 1/100 chance of bridge failure in the next 5 years?

P = 1-(1-p)n    gives (1-P)(1/n) = 1-p  and p = 1-(1-P)(1/n) = 1-(1-0.01)0.2 = 0.002 or 0.2%


return period = 1/P = 1/0.002 = 498 ~ 500 years

Note: even though the incorrect solution of 1/100/5 gives the same answer it DOES NOT count as correct



c. (10) What flow rate is associated with the peak annual 25 year storm?

Normal Distribution:   P = 0.04, by the table in the book that’s 96% or 1.75 standard deviation above the mean.

Mean + 1.75*sigma = 333+ 1.75 * 100 = 508 cfs







3. (10) A simple open-ended glass tube is bent 90 degrees. The tube is inserted into a flowing stream with one end facing the direction of flow and the other end oriented vertically above the water. It is noted that the water surface in the vertical tube rises 1.6 cm above the stream surface. What is the stream velocity?

velocity head = 0.016 m = V2/(2g)   so


V = Sqrt(2 g 0.016 m) = 0.56 m/s

Note: take off 2 points if units are not included in the answer






4. (4) Nozzle and orifice meters produce (more / less / the same) head loss as a venturi meter.  – that’s why we use venture meters
5. [image: image3.bmp](4) Label the V-notched weir, trapezoidal weir, contracted weir, and uncontracted weir. The trapezoidal weir is also known as the a) Cupric, b) Cipolletti, c) Gauss, d) Bangladore weir.  a) is uncontracted, b) is contracted, c) is triangular, d) is trapezoidal
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6. (6) The velocity is a) zero above the sluice gate, b) 6 m/s before the jump and c) 3 m/s after the jump. For scale assume the sluice gate is 2 meters in height. Label or draw the location of the hydraulic grade line at each of the three locations. Datum is the bottom of the channel.

The extra space given for calculations is not needed as there are no calculations. For open channel flow the free surface is a zero pressure and thus the top of the water is the hydraulic grade line = P/(rho g) + z = 0 + z = z = the top of the water
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7. (4) (True / False) A broad-crested weir creates supercritical flow on the top.
8. (4) When it rains and water collects on pine needles in trees this is called ___interception__.
9. (4) A rating curve establishes a relationship between stage and __discharge______.

10. (15) The time of concentration of the 106 ft2 subdivision is 50 minutes. Using a runoff coefficient of 0.33, the IDF curve in Figure 11.15, and/or Table 11.1, and a probability 0.04/year storm, estimate:

a)  the peak discharge in cfs __23.1________
b) The intensity in in/hr ___3____________


Q = C I A = 0.33 *3 in/hr*106 ft2 =  106 in ft2/hr   * ft/(12 in) * hr/(3600 s) = 23.1 cfs

Note: give them half the points if the method is all correct but a calculator error was made.


















11. (4) The culvert for problem 10 has submerged inlet and outlet. How does the capacity of the culvert depend upon the slope of the culvert?  a) capacity increases with square root of slope, b) capacity increases as the square of the slope, c) capacity does not depend upon the slope.
1

