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CHAPTER 7

Modeling Multiple Bridge and/or Culvert
Openings

The HEC-RAS program has the ability to model multiple bridge and/or
culvert openings at a single location. A common example of this type of
situation is a bridge opening over the main stream and a relief bridge (or
group of culverts) in the overbank area. The HEC-RAS program is capable of
modeling up to seven opening types at any one location.
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General Modeling Guidelines

Occasionally you may need to model a river crossing that cannot be modeled
adequately as a single bridge opening or culvert group. This often occurs in
wide floodplain areas where there is a bridge opening over the main river
channel, and a relief bridge or group of culverts in the overbank areas. There
are two ways you can model this type of problem within HEC-RAS. The first
method is to use the multiple opening capability in HEC-RAS, which is
discussed in detail in the following section. A second method is to model the
two openings as divided flow. This method would require the user to define
the flow path for each opening as a separate reach. This option is discussed in
the last section of this chapter.

Multiple Opening Approach
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The multiple opening features in HEC-RAS allow users to model complex
bridge and/or culvert crossings within a one dimensional flow framework.
HEC-RAS has the ability to model three types of openings: Bridges; Culvert
Groups (a group of culverts is considered to be a single opening); and
Conveyance Areas (an area where water will flow as open channel flow, other
than a bridge or culvert opening). Up to seven openings can be defined at any
one river crossing. The HEC-RAS multiple opening methodology is limited
to subcritical flow profiles. The program can also be run in mixed flow
regime mode, but only a subcritical profile will be calculated in the area of the
multiple opening. An example of a multiple opening is shown in Figure 7.1.

As shown in Figure 7.1, the example river crossing has been defined as three
openings, labeled as #1, #2, and #3. Opening #1 represents a Conveyance
Area, opening #2 is a Bridge opening, and opening #3 is a Culvert Group.

The approach used in HEC-RAS is to evaluate each opening as a separate
entity. An iterative solution is applied, in which an initial flow distribution
between openings is assumed. The water surface profile and energy gradient
are calculated through each opening. The computed upstream energies for
each opening are compared to see if they are within a specified tolerance (the
difference between the opening with the highest energy and the opening with
the lowest energy must be less than the tolerance). If the difference in
energies is not less than the tolerance, the program makes a new estimate of
the flow distribution through the openings and repeats the process. This
iterative technique continues until either a solution that is within the tolerance
is achieved, or a predefined maximum number of iterations is reached (the
default maximum is 30).
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Figure 7.1 Example Multiple Opening River Crossing

The distribution of flow requires the establishment of flow boundaries both
upstream and downstream of the openings. The flow boundaries represent the
point at which flow separates between openings. These flow boundaries are
referred to as "Stagnation Points" (the term "stagnation points" will be used
from this point on when referring to the flow separation boundaries). A plan
view of a multiple opening is shown in Figure 7.2.
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Figure 7.2 Plan view of a Multiple Opening Problem

Locating the Stagnation Points

The user has the option of fixing the stagnation point locations or allowing
the program to solve for them within user defined limits. In general, it is
better to let the program solve for the stagnation points, because it provides
the best flow distribution and computed water surfaces. Also, allowing the
stagnation points to migrate can be important when evaluating several
different flow profiles in the same model. Conversely though, if the range in
which the stagnation points are allowed to migrate is very large, the program
may have difficulties in converging to a solution. Whenever this occurs, the
user should either reduce the range over which the stagnation points can
migrate or fix their location.
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Within HEC-RAS, stagnation points are allowed to migrate between any
bridge openings and/or culvert groups. However, if the user defines a
conveyance area opening, the stagnation point between this type of opening
and any other must be a fixed location. Also, conveyance area openings are
limited to the left and right ends of the cross section.

Computational Procedure for Multiple Openings

HEC-RAS uses an iterative procedure for solving the multiple opening
problem. The following approach is used when performing a multiple
opening computation:

1. The program makes a first guess at the upstream water surface by
setting it equal to the computed energy on the downstream side of the
river crossing.

2. The assumed water surface is projected onto the upstream side of the
bridge. A flow distribution is computed based on the percent of flow
area in each opening.

3. Once a flow distribution is estimated, the stagnation points are
calculated based on the upstream cross section. The assumed water
surface is put into the upstream section. The hydraulic properties are
calculated based on the assumed water surface and flow distribution.
Stagnation points are located by apportioning the conveyance in the
upstream cross section, so that the percentage of conveyance for each
section is equal to the percentage of flow allocated to each opening.

4. The stagnation points in the downstream cross section (section just
downstream of the river crossing) are located in the same manner.

5. Once a flow distribution is assumed, and the upstream and
downstream stagnation points are set, the program calculates the
water surface profiles through each opening, using the assumed flow.

6. After the program has computed the upstream energy for each
opening, a comparison is made between the energies to see if a
balance has been achieved (i.e., the difference between the highest
and lowest computed energy is less than a predefined tolerance). If
the energies are not within the tolerance, the program computes an
average energy by using a flow weighting for each opening.

7. The average energy computed in step 6 is used to estimate the new
flow distribution. This estimate of the flow distribution is based on
adjusting the flow in each opening proportional to the percentage that
the computed energy for that opening is from the weighted average
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energy. An opening with a computed energy higher than the
weighted mean will have its flow reduced, while an opening with a
computed energy that is lower than the weighted mean will have its
flow increased. Once the flow for all the openings is adjusted, a
continuity check is made to ensure that the sum of the flows in all the
openings is equal to the total flow. If this is not true, the flow in each
opening is adjusted to ensure that the sum of flows is equal to the total
flow.

Steps 3 through 7 continue until either a balance in energy is reached
or the program gets to the fifth iteration. If the program gets to the
fifth iteration, then the program switches to a different iterating
method. In the second iteration method, the program formulates a
flow versus upstream energy curve for each opening. The rating
curve is based on the first four iterations. The rating curves are
combined to get a total flow verses energy curve for the entire
crossing. A new upstream energy guess is based on entering this
curve with the total flow and interpolating an energy. Once a new
energy is estimated, the program goes back to the individual opening
curves with this energy and interpolates a flow for each opening.
With this new flow distribution the program computes the water
surface and energy profiles for each opening. If all the energies are
within the tolerance, the calculation procedure is finished. Ifit is not
within the tolerance the rating curves are updated with the new
computed points, and the process continues. This iteration procedure
continues until either a solution within the tolerance is achieved, or
the program reaches the maximum number of iterations. The
tolerance for balancing the energies between openings is 5 times the
normal cross section water surface tolerance (0.05 feet or 0.015
meters). The default number of iterations for the multiple opening
solutions scheme is 1.5 times the normal cross section maximum (the
default is 30).

Once a solution is achieved, the program places the mean computed
energy into the upstream cross section and computes a corresponding
water surface for the entire cross section. In general, this water
surface will differ from the water surfaces computed from the
individual openings. This mean energy and water surface are reported
as the final solution at the upstream section. User=s can obtain the
results of the computed energies and water surfaces for each opening
through the cross section specific output table, as well as the multiple
opening profile type of table.
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Limitations of the Multiple Opening Approach

The multiple opening method within HEC-RAS is a one-dimensional flow
approach to a complex hydraulic problem. The methodology has the
following limitations: the energy grade line is assumed to be constant
upstream and downstream of the multiple opening crossing; the stagnation
points are not allowed to migrate past the edge of an adjacent opening; and
the stagnation points between a conveyance area and any other type of
opening must be fixed (i.e. can not float). The model is limited to a maximum
of seven openings. There can only be up to two conveyance type openings,
and these openings must be located at the far left and right ends of the cross
sections. Given these limitations, if you have a multiple opening crossing in
which the water surface and energy vary significantly between openings, then
this methodology may not be the most appropriate approach. An alternative
to the multiple opening approach is the divided flow approach. This method is
discussed below.

Divided Flow Approach

An alternative approach for solving a multiple opening problem is to model
the flow paths of each opening as a separate river reach. This approach is
more time consuming, and requires the user to have a greater understanding
of how the flow will separate between openings. The benefit of using this
approach is that varying water surfaces and energies can be obtained between
openings. An example of a divided flow application is shown in Figure 7.3.

In the example shown in Figure 7.3, high ground exist between the two
openings (both upstream and downstream). Under low flow conditions, there
are two separate and distinct channels. Under high flow conditions the
ground between the openings may be submerged, and the water surface
continuous across both openings. To model this as a divided flow the user
must create two separate river reaches around the high ground and through
the openings. Cross sections 2 through 8 must be divided at what the user
believes is the appropriate stagnation points for each cross section. This can
be accomplished in several ways. The cross sections could be physically split
into two, or the user could use the same cross sections in both reaches. If the
same cross sections are used, the user must block out the area of each cross
section (using the ineffective flow option) that is not part of the flow path for
that particular reach. In other words, if you were modeling the left flow path,
you would block out everything to the right of the stagnation points. For the
reach that represents the right flow path, everything to the left of the
stagnation points would be blocked out.
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Figure 7.3 Example of a Divided Flow Problem

When modeling a divided flow, you must define how much flow is going
through each reach. The current version of HEC-RAS can optimize the flow
split. The user makes a first guess at the flow distribution, and then runs the
model with the split flow optimization option turned on. The program uses an
iterative procedure to calculate the correct flow in each reach. More
information on split flow optimization can be found in chapter 7 of the User’s
Manual, chapter 4 of the Hydraulic Reference Manual, and Example 15 of the
Applications Guide.
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