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Introduction to Open Channel Hydraulics

Chapter 2

The Standard Step Procedure in HEC-RAS

The HEC-RAS algorithm uses the following steps
to compute water surface elevations using the
standard step method:

1.

Establish the downstream boundary condition
for subcritical flow or the upstream boundary
condition for supercritical flow. The boundary
conditions include the starting water surface
elevation or depth, the discharge, and the ini-
tial cross-section geometry. The starting water
surface elevafion could be obfained from a
measured value at a gage, by assuming criti-
cal depth, by assuming normal depth, or by
estimating. The conveyance and discharge in
the left and right overbanks and in the chan-
nel are computed for the specified starting
water surface elevation. The discharge-
weighted velocity head and the friction slope
at the boundary are calculated. In addition,
the cross-section geometry for all locations at
which compuiations are required must be
known, along with Manning’s n values, reach
lengths, obstruction data, and discharges
throughout the river system.

. The water surface elevation is estimated, with

the assumption of subcritical flow, at the next
cross section (Section 2) upstream from the
boundary [Section 1). HEC-RAS projects the
depth from Section 1 onto Section 2 for an

" initial estimate of the water surface elevation.

. For the assumed water surface elevation at

Section 2, the incremental conveyance is
computed for the left and right overbanks and
for the channel at Section 2, using Equation
2.47. The conveyance is summed fo obtain
the total conveyance at Section 2.

. The total discharge at Section 2 is distributed

to the left and right overbank areas and fo the
channel in proportion fo the incremental con-
veyance. An average discharge is computed
for each of the three flow paths (channel and
left and right overbank distance) between the
two sections.

. The friction slope at Section 2 is computed

with Equation 2.51 from the total discharge
and total conveyance at Section 2.

The average velocities in the left and right
overbank, the channel, and the entire cross
section are computed. The mean velocity
head is computed with a modification of

10.

1.

Equation 2.48 for the velocity and discharge
terms for each channel subsegment (left and
right overbank areas and the channel) and
the total section discharge and average
velocity. Although HEC-RAS does not use a
for the computations, it is computed and dis-

.played for inspection by the user. The pro-

gram sets the discharge-weighted velocity
head (including o) equal to the righthand
side of the following equation:

avzve _ i(vllvbglob_}_vihgch'i_ raervb]
28 2 Qror

. The initial estimate of the energy grade line

elevation is obtained by adding the mean
velocity head found from step 6 to the esti-
mated water surface elevation of step 2.

. A discharge-weighted reach length (Lg) is

found from the discharge and the reach
length for each of the three flow paths
between the two sections. Equation 2.53 is
used for this computation in HEC-RAS.

The average friction slope is found between
the two sections. Four different equations for
average friction slope are available in HEC-
RAS. The friction loss between the two sec-
tions is computed with Equation 2.44.

The mean velocity head at section 2 is sub-
tracted from the mean velocity head at sec-
tion 1. If the difference is negative, the flow
area is contracting and the coefficient of con-
traction is used in Equation 2.45 to compute
the contraction loss. If the difference is posi-
tive, the flow area is expanding and the coef
ficient of expansion is used in Equation 2.45
to compute an expansion loss.

Equation 2.46 is used to compute the water
surface elevation at Section 2 and the value
is compared to the assumed value from step
2. If the difference is within a predefined tol-
erance, the elevation is accepted as correct
and computations move on fo the next secfion
upstream (Section 3), with steps 2-11
repeated for computations between Sections
2 and 3. If the difference is outside the
required folerance, a revised WSEL, is esti-
mated and steps 3-11 are repeated until the
tolerance is met.




HEC RAS Abbreviations

Profile Profile Number

Number
Q Total Total Flow in Cross-Section cfs
Min CL EI Minimum Main Channel Elevation feet
W.S. El Calculated water surface from Energy equation feet
Crit W S. Critical Water Surface ele‘vation. Water surface feet

Corresponing to the minimum energy on the energy
versus depth curve

E G Elev Energy grade line for calculated WS elevation feet
E G Slope Slope of Energy Grade line ft/ft
Vel Chan Average velocity of flow in main channel ft/s
Flow Area Total area of cross section total flow - sqft
Top Width Total width of wetted cross section ft
Froude # Chi Froude number for main channel

number
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