
CHAPTER 5 
 

OPEN CHANNEL HYDROLOGY 
 
 
5.10 Gradually Varied Flow – Example Problems 
 

5.10.1 Example 1 – Direct Step Method 
 

Using the direct step method (Section 5.9.2) to compute a water surface profile 
for a trapezoidal channel using the following data: 

 
Q = 400 cfs B = 20 ft 

 z = 2 S = 0.0016 ft/ft 
 n = 0.025 α = 1.10 
 

A dam backs up water to a depth of 5 ft immediately behind the dam.  The 
upstream end of the profile is assumed to have a depth 1 percent greater than 
normal depth. 

 
Results of calculations are reported in Table 5.10.1-1.  Values in each column of 
the table are briefly explained below. 

 
5.10.1.1 Depth of flow, in ft, arbitrarily assigned values ranging from 5 to 3.4 

ft. 
 

5.10.1.2 Water area in sq ft, corresponding to the depth, y, in column 1. 
 
5.10.1.3 Hydraulic radius, in ft, corresponding to y in column 1. 
  
5.10.1.4 Mean velocity, in ft/s, obtained by dividing 400 cfs by the water area 

in column 2. 
 
5.10.1.5 Velocity head, in ft calculated using the mean velocity from column 4 

and a value of 1.1. 
 
5.10.1.6 Specific energy, E, in ft, obtained by adding the velocity head in 

column 5 to the depth of flow in column 1. 
 
5.10.1.7 Change of specific energy, delta E, in ft, equal to the difference 

between the E value in column 6 and that of the previous step. 
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Table 5.10.1-1 
Direct Step method Results For Example 
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5.10.1.8 Friction slope, Sf, computed by equation 5.15, with n = .0.25, v as 

given in column 4, and R as given in column 3. 
 
5.10.1.9 Average friction slope between the steps, Sf, equal to the arithmetic 

mean of the friction slope computed in column 8 and that of the 
previous step. 

 
5.10.1.10 Difference between the bottom slope, SO, 0.0016 and the average 

fiction slope, Sf, in column 9. 
 
5.10.1.11 Length of the reach, delta x, in ft, between the consecutive steps, 

computed by equation 55.9.2.9-1 or by dividing the value of delta E in 
column 7 by the value of SO-Sf in column 10. 

 
5.10.1.12 Distance from the section under consideration to the dam site.  This is 

equal to the cumulative sum of the values in column 11 computed for 
previous steps. 

 
5.10.2 Example 2 – Standard Step Method 
 

Use the standard step method (see Section 5.9.3) to compute a water surface 
profile for the channel data and stations considered in the previous example.  
Assume the elevation at the dam site is 600 ft. 

 
Results of the calculations are reported in Table 5.10.2-1  Values in each column 
of the table are briefly explained below: 

 
5.10.2.1 Section identified by station number such as “station 1 + 55.”  The 

locations of the stations are fixed at the distances determined in the 
previous example to compare the procedure with that of the direct step 
method. 

 
5.10.2.2 Water surface elevation, z, at the station.  A trial value is first entered 

in this column; this will be verified or rejected on the basis of the 
computations made in the remaining columns of the table.  For the first 
step, this elevation must be given or assumed.  Since the elevation of 
the dam site is 600 ft and the height of the dam is 5 ft, the first entry is 
605.00 ft.  When the trial value in the second step has been verified, it 
becomes the basis for the verification of the trial value in the next step, 
and the process continues. 

 
5.10.2.3 Depth of flow, y, in ft, corresponding to the water surface elevation in 

column 2.  For instance, the depth of flow at station 1 + 55 is equal to 
the water surface elevation minus the elevation at the dam site minus 
the distance from the dam site times bed slope.  605.048 – 600.00 – 
(155) (0.0016) = 4.80 ft. 
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5.10.2.4 Water area, A, in square ft, corresponding to y in column 3. 
 
5.10.2.5 Hydraulic radius, R, in ft, corresponding to y in column 3. 
 
5.10.2.6 Mean velocity, v, equal to the given discharge 400 cfs divided by the 

water area in column 4. 
 
5.10.2.7 Velocity head, in ft, corresponding to the velocity in column 6 and a 

value of 1.1. 
 
5.10.2.8 Total head, H, equal to the sum of z in column 2 and the velocity head 

in column 7. 
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Table 5.10.2-1 
Standard Step Method Results For Example 
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5.10.2.9 Friction slope, Sf, computed by equation 5.9.2.2-1, with n = 0.025, v 

from column 6, and R from column 5. 
 
5.10.2.10 Average friction slope through the reach, Sf, between the sections in 

each step, approximately equal to the arithmetic mean of the friction 
slope just computed in column 9 and that of the previous step. 

 
5.10.2.11 Length of the reach between the sections, delta x, equal to the 

difference in station numbers between the stations. 
 
5.10.2.12 Friction loss in the reach, hf,, equal to the product of the values in 

columns 10 and 11. 
 
5.10.2.13 Eddy loss in the reach, he equal to zero. 
 
5.10.2.14 Elevation of the total head, H, in ft, computed by adding the values of 

hf and he in columns 12 and 13 to the elevation at the lower end of the 
reach, which is found in column 14 of the previous reach.  If the value 
obtained does not agree closely with that entered in column 8, a new 
trial value of the water surface elevation is assumed until agreement is 
obtained.  The value that leads to agreement is the correct water 
surface elevation.  The computation may then proceed to the next step. 

 
END OF SECTION 5.10 
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