Solutions for Sample Problems, CE 374K Spring 2012

Problem 9.3.1:

9.3.1 Calculate the water velocity V, the kinematic wave celerity ¢, the dynamic wave
celerity ¢, and the velocities of propagation of dynamic waves V = ¢, for the
channel deq-;ribed in Example 9.3.1 in the text and flow rates of 10, 50, 100, 500,
10060, 5000, and 10,000 cfs, Plot the results to show the variation of the velocities
and celeritics as a function of the flow rate.

Solution:

9.3.1.

The calculations are carried out as in Example 9.3.1 in the text with
results presented in Table 9.3.' and Fig. 9.3.1. Water riows downstream
with velocity v, shown in Col. (3) of Table 9.3.1, while the bulk of the
flood wave moves with kinematic wave celerity c,, shown in Col. (4).
Dynamic waves proceed downstream at velocity v + ¢, (shown in Col. 6) and
upstream with velocity =(v = c,) (shown in Col. 7). Because v - c, is
always negative over the rango of discharges examined, the flow is
subcritical and downstream disturbances can propagate upstream.

Table 9.3.1. Computation of the flow velocity and wave celerities.

Col: (1) (2) (3) (4) (5) (6) (7

Discharge Depth Veloeity Cx Cqy Vecy V-¢ Cq
(cfs) (re) (ft/sec) (ft/sec) (ft/sec) (ft/sec) (ft/sec)

10 0.069 0.72 1.20 1.50 2.22 -0.78

50 0.183 1.37 2.28 2.42 3.79 «1.05

100 0.277 1.81 3.01 2.98 .79 -1.18

500 0.727 3.44 5.73 4.84 8.28 -1.40

1000 1.101 h.54 7.57 5.96 10.50 -1.41

5000 2,893 8.64 14,40 9.65 18.29 -1.0%
10000 5,384 11,40 19.01 11.88 23.29 -0.48
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Figure 9.3.1 Flow velocity and wave celerities in a channel
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Problem 9.4.2:

9.4,2 Prove that the kinematic wave celerity is ¢, = 5W3, where V is Lhe average
velocity, when Manning’s equation is used to describe the flow resistance in a
wide, rectangular channel.

Solution:

9.4.2.

In a wide, rectangular channel, the hydraulic radius is approximately
R =y, wherey is the flow depth. The flow velocity is given by Manning's
equation, Eq. (5.6.10) of the textbook

V = (e/n) y2/3 S
and the discharge is, with channel width B,

Q = Byv = (¢/n) B y>/3 N

where ¢ = 1 for SI units and ¢ = 1.49 for English units. Then, the celerity
of the kinematic wave, c,, is

e, = (1/B)(dQ/dy) = (1/B)(#B/n)(5/3) y2/3 /& = (5/3)(e/n) y2/3 /57
and, substituting Eq. (9.4.2-1) into the previous equation
e, = (5/3)v



Problem 9.4.3

9.4.3 Prove that the travel time T of a kinematic wave in a wide rectangular channel of
width B, length L, slope S, and Manning roughness a carrying a flow of @ is
given approximately by
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ItE =200 ft, L =265 mi. S, = 0.00035, p = (1045, and @ = 2000 cfs, caleulate
the travel time in davys.

Solution:

90“.3'

As shown in Problem 9.4.2, for a wide rectangular channel of width B
and slope So. the discharge is

Q= (e/n) B y2/3 g 1/2

where ¢ = 1 for SI units and ¢ = 1,49 for English units. From the previous
equation

y = [(Qa/n)/(eB 5,'72)13/3 (9.4.3-1)

Then, the wave celerity ¢, can be written as a function of the discharge,
substituting the flow depth into

e, = (573 = (573)(e/n) y2/3 5.1/2 = (5/3)(esm)(QnveB 8! 72)2/5 5172
- (5/3) [es 172 / (nB2/3)13/5 Q2/5
and the travel time is '
T = L/e, = (3/5) [nB2/3/(0 5,172)03/5 q"2/5 (9.4.3-2)
Then with B = 200 ft, L = 265 mi., S, = 0.00035, n = 0.045 and Q = 2000 efs
T = (3/5)00.045 x 2002/3/(1.49 x 0.00035'/2)13/5(200072/3)
x (265)(5280)

= W45,478 sec = 123.74 hrs = 5,16 dayl.



Problem

15.6.2

The output file for the years 1340-1978 is shown in Table 15,6,3.

15.6.2

Compute the monthly water balances for the proposed Justiceburg reservoir
site near Lubbock, Texas, for the vears 1940-1942, Assume the reservoir is
initially at a normal conservation storage level, at elevation 2220 ft above MSL
(which is also the elevation of the service spillway). The emergency overflow
spillway is at elevation 2240 ft above MSL. The elevation—surface area—capacity

characteristics are listed below:

Elevation (ft abave MSL} 2,130 2,140 2,150 2,160 2,170 2,180
Area (acres) 108 253 S06 765 1,046 1,330
Capacity (acre-ft) 608 2,407 6,187 12,515 21,549 33417
Elevation (ft above MSL) 2,140 2,200 2,205 2,210 2,215 2.220
Area (acres) 1,682 2,045 2,232 2.437 2,651 2,884
Capacity (acre-ft) 48 485 67065 77,737 89,414 102,108 115937
Elevation {ft above MSL) 2,225 2,230 2,235 2,240
Area (acres) 3,197 3,589 40904 4,784
Capacity (acre-ft) 131,153 148,060 167,194 189,268

Consider an annual demand of 26,100 acre-ft with the following demand frac-

tions.

Month 1 2 3 4 5 6
Fraction 0.05 0.05 0.05 0.06 0.07 0.13
Month T 3 o 10 11 12
Fraction 0.15 0.17 .09 0.07 0.06 0.05

The net evaporation data are given in Table 15.P.4 and the runoff data (reservoir

inflows) are given in Table 15.P.5.

The

first thirty-six values under column 9 of Table, 15.6.3 represent the end-of-

month storages for the years 1940 through 1942.

It can be seen that spills

occur in the 1941 and 1942 data when the reservoir reaches maximum capacity
of 115,937 ae-rt.
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Table 15.6.3 Justiceburg reservoir water balance 1940-1978
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