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LECTURE 11: Computation of water surface 

profiles-Standard Step method 

Standard step method is directly derived from an energy balance between two neigboring 

sections 1 and 2, which are seperated by a a sufficiently short distance so that the water 

surface line can be approximated by a straight line.  

 

Energy balance between 2 neighboring section in the channel: 
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Computation begins at a control section or with a known depth in the channel and proceed 

upstream or downstream.  

 

A successive computational procedure used to compute the water surface elevation at the next 

section (upstream or downstream) from the control section. The distance between sections is 

critical because the water surface will be represented by straight line. Thus, if the depth of 

flow is changing quickly over short distances, neighboring section should be spaced closed to 

represent accurately the water surface profile.    

 

The step procedure is carried out in the downstream direction for supercritical flows (y< yc) 

and in the upstream direction for subcritical flows (y> yc).  

 

The computation procedure is to determine the depth at a section a distance DL away from a 

section with a known depth.  

Equation 11.2 cannot be solved directly for the unknown depth (e.g. y1) because V1 and S��  

depend on y1. Therefore, an iterative procedure is required using successive approxiamtions 

of y1 until the downstream and upstream energy balance is equal to each other. S��  is the 

average of the energy slopes at the upstream and downstream sections.  

 

 

Control section in open channels  
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Example 11.1. (Example 6.9, Hwang, 4th Edition)A grouted-riprap, trapezoidal channel (n 

= 0.0025) with a bottom width of 4 meters and side slopes of m = 1 carries a discharge 12.5 

m�/sec on a 0.001 slope. Compute the backwater curve (upstream water surface profile) 

created by a low dam that backs water up to a depth of 2 m immediately behind the dam. 

Specifically, water depths are required at critical diversion points that are located at distances 

of 188 m, 423 m, 748 m, and 1,675 m upstream of the dam. 

 

Solution: 

1. Calculate normal depth,   
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Use the table given below to calculate area, R, P etc.  for trapezoidal channel; 
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By trial and error ; y� 
 1.66 m     

 

2. Calculate critical depth 
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Known water depth ; y 
 2 m 

Normal depth; y� 
 1.66 m 

Critical depth; y9 
 0.92 m 

 

From Table 6.3, y ; y�    &    = ; y9   � y>yn>yc � MILD SLOPE � M-1 CURVE 

 

 

The depth  (y= 2 m) just upstream from the dam is the control section designated as section 1. 

Energy balance computations begin here and progress upstream (backwater) because the flow 

is subcritical (yc < yn).  

Since the profile has an M-1 classification, the flow depth will approach normal depth 

asymptotically as the computations progress upstream.  

Since y/yc >1 and y/yn >1; the value dy/dx is positive, indicating that water depth increases in 

the direction of flow.  

The results of the calculations are given in following pages.  
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