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Foreword 

Table of Contents 

The U.S. Army Corps of Engineers' River Analysis System (HEC-RAS) is 
software that allows you to perform one-dimensional steady and unsteady 
flow river hydraulics calculations. The HEC-RAS software supersedes the 
HEC-2 river hydraulics package, which was a one-dimensional, steady flow 
water surface profiles program. The HEC-RAS software is a significant 
advancement over HEC-2 in terms of both hydraulic engineering and 
computer science. This software is a product of the Corps' Civil Works 
Hydrologic Engineering Research and Development Program. 

The first version ofHEC-RAS (version 1.0) was released in July of 1995. 
Since that time there have been several releases of this software package, 
including versions: 1.1; 1.2; 2.0; 2.1; 2.2; 2.21 ; 3.0 and now version 3.1 in 
September of 2002. 

The HEC-RAS software was developed at the Hydrologic Engineering Center 
(HEC), which is a division of the Institute for Water Resources (IWR), U.S. 
Army Corps of Engineers. The software was designed by Mr. Gary W. 
Brunner, leader of the HEC-RAS development team. The user interface and 
graphics were programmed by Mr. Mark R. Jensen . The steady flow water 
surface profiles module and a large portion of the unsteady flow computations 
modules was programmed by Mr. Steven S. Piper. The unsteady flow 
equation solver was developed by Dr. Robert L. Barkau. The Stable Channel 
Design Routines were programmed by Mr. Chris R. Goodell. The routines 
that import HEC-2 and UNET data were developed by Ms. Joan Klipsch. 
The routines for modeling ice cover and wide river ice jams were developed 
by Mr. Steven F. Daly of the Cold Regions Research and Engineering 
Laboratory (CRREL). 

Many of the HEC staff made contributions in the development of this 
software, including: Vern R. Bonner, Richard Hayes, John Peters, AI 
Montalvo, and Michael Gee. Mr. Darryl Davis was the director during the 
development of this software. 

This manual was written by John C. Warner, Gary W. Brunner, Brent C. 
Wolfe, and Steven S. Piper. 
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Welcome to the Hydrologic Engineering Center's River Analysis System (HEC-
RAS). This software allows you to perform one-dimensional steady flow, unsteady I 
flow, and sediment transport calculations (The current version of HEC-RAS can only 
perform steady flow calculations. Unsteady flow and sediment transport will be 
added in future versions). I 
The HEC-RAS modeling system was developed as a part of the Hydrologic 
Engineering Center's "Next Generation" (NexGen) of hydrologic engineering 
software. The NexGen project encompasses several aspects of hydrologic 
engineering, including: rainfall-runoffanalysis; river hydraulics; reservoir system 
simulation; flood damage analysis; and real-time river forecasting for reservoir 
operations. 

This introduction discusses the documentation for HEC-RAS and provides an 
overview ofthis manual. 

Contents 

• HEC-RAS Documentation 

• Overview of this Manual 
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Introduction 

HEC-RAS Documentation 

The HEC-RAS package includes several documents. Each document is designed to 
help the user learn to use a particular aspect of the modeling system. The 
documentation is arranged in the following three categories: 

Documentation Description 

User's Manual This manual is a guide to using HEC-RAS. The 
manual provides an introduction and overview of the 
modeling system, installation instructions, how to get 
started, simple examples, detailed descriptions of each 
of the major modeling components, and how to view 
graphical and tabular output. 

Hydraulic Reference Manual This manual describes the theory and data 
requirements for the hydraulic calculations performed 
by HEC-RAS. Equations are presented along with the 
assumptions used in their derivation. Discussions are 
provided on how to estimate model parameters, as 
well as guidelines on various modeling approaches. 

Applications Guide This document contains examples that demonstrate 
various aspects ofHEC-RAS. Each example consists 
of a problem statement, data requirements, general 
outline of solution steps, displays of key input and 
output screens, and discussions of important modeling 
aspects. 

Overview of this Manual 

This Applications Guide contains written descriptions of 17 examples that 
demonstrate the main features of the HEC-RAS program. The project data files for 
the examples are contained on the HEC-RAS program distribution diskettes, and will 
be written to the HEC\RAS\STEADY and HEC\RAS\VNSTEADY directories when 
the program is installed. The discussions in this manual contain detailed descriptions 
for the data input and analysis of the output for each example. The examples display 
and describe the input and output screens used to enter the data and view the output. 
The user can activate the projects within the HEC-RAS program when reviewing the 
descriptions for the examples in this manual. All of the projects have been computed, 
and the user can review the input and output screens that are discussed as they appear 
in this manual. The user can use the zoom features and options selections (plans, 
profiles, variables, reaches, etc.) to obtain clearer views of the graphics, as well as 
viewing additional data screens that may be referenced to in the discussions. The 
examples are intended as a guide for performing similar analyses. This manual is 
organized as follows: 

xiii 
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Examnle I Critical Creek 

EXAMPLE 1 

Critical Creek 

Purpose 

Critical Creek is a steep river comprised of one reach entitled "Upper Reach." 
The purpose of this example is to demonstrate the procedure for performing a 
basic flow analysis on a single river reach . Additionally, the example will 
demonstrate the need for additional cross sections for a more accurate 
estimate of the energy losses and water surface elevations. 

Subcritical Flow Analysis 

From the main window, select File and then Open Project. Select the project 
labeled "Critical Creek- Example 1." This will open the project and activate 
the following files: 

Plan: 
Geometry: 
Flow: 

Geometric Data 

"Existing Condition·s Run" 
"Base Geometry Data" 
"1 00 Year Profile" 

From the main program window, select Edit and then Geometric Data. This 
will activate the Geometric Data Editor and display the river system 
schematic, as shown in Figure 1.1. As shown in the figure, the river name 
was entered as "Critical Creek," and the reach name was "Upper Reach." The 
reach was defined with 12 cross sections numbered 12 to 1, with cross section 
12 being the most upstream cross section. These cross-section identifiers are 
only used by the program for placement of the cross sections in a numerical 
order, with the highest number being the most upstream section. 

The cross section data were entered in the Cross Section Data Editor, which 
is activated by selecting the Cross Section icon on the Geometric Data 
Editor (as outlined in Chapter 6 ofthe User's Manual). Most ofthe 12 cross 
sections contain at least 50 pairs of X-Y coordinates, so the cross section data 
will not be shown here for brevity. The distances between the cross sections 
are as shown in Figure 1.2 (The reach lengths for cross sect ion 12 can be 
seen by using the scroll bars in the window.). This summary table can be 
viewed by selecting Tables and then Reach Lengths on the Geometric Data 
Editor. 
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Figure 1.2 Reach Lengths For Critical Creek 

From the geometric data, it can be seen that most of the cross sections are 
spaced approximately 500 feet apart. The change in elevation from cross 
section 12 to cross-section 1 is approximately 56 feet along the river reach of 
5700 feet. This yields a slope of approximately 0.01 ftlft, which can be 
considered as a fairly steep slope. The remaining geometric data consists of 
Manning's n values of 0.1 0, 0.04, and 0.10 in the left overbank (LOB), main 
channel, and right overbank (ROB), respectively. Also, the coefficients of 
contraction and expansion are 0.10 and 0.30, respectively. After all the 
geometric data was entered, it was saved as the file "Base Geometry Data." 

Flow Data 

To enter the steady flow data, from the main program window Edit and then 
Steady Flow Data were selected. This activated the Steady Flow Data 
Editor, as shown in Figure l.3 . For this steady flow analysis, the one percent 
chance flow profile was analyzed. A flow of 9000 cfs was used at the 
upstream end of the reach at section 12 and a flow change to 9500 cfs was 
used at section 8 to account for a tributary inflow into the main river reach. 
This flow change location was entered by selecting the river, reach, river 
station, and then pressing the Add A Flow Change Location button. Then, 
the table in the central portion of the editor added the row for river station 8. 
Finally, the profile name was changed from the default heading of "PF# 1" to 
"I 00 yr." The change to the profile label was made by selecting Edit Profile 
Names from the Options menu and typing in the new name. 

1-3 
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Figure 1.3 Steady Flow Data Editor 

Next, the Reach Boundary Conditions button located at the top of the 
Steady Flow Data Editor was selected. The reach was analyzed for 
subcritical flow with a downstream normal depth boundary condition of S = 

0.01 ft/ft. This value was estimated as the average slope of the channel near 
the downstream boundary. For a subcritical flow analysis, boundary 
conditions must be set at the downstream end(s) of the river system. After all 
of the flow data was entered, it was saved as the file "100 Year Profile." 

Steady Flow Analysis 

To perform the steady flow analysis, from the main program window Run 
and then Steady Flow Analysis were selected. This activated the Steady 
Flow Analysis Window as shown in Figure 1.4. Before performing the 
steady flow analysis, Options and then Critical Depth Output Option were 
selected. The option Critical Always Calculated was chosen to have critical 
depth calculated at all locations. This will enable the critical depth to be 
plotted at all locations on the profile when the results are analyzed. Next, the 
Flow Regime was selected as "Subcritical". The geometry file was selected 
as "Base Geometry Data," and the flow file was selected as " I 00 Year 
Profile". The plan was then saved as "Existing Conditions", with a short ID 
of "Exist Cond" . Finally, the steady flow analysis was performed by 
selecting COMPUTE from the Steady Flow Analysis window. 
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Figure 1.4 Steady Flow Analysis Window 

Subcritical Flow Output Review 

As an initial view ofthe steady flow analysis output, from the main program 
window View and then Water Surface Profiles were selected. This 
activated the water surface profile as shown in Figure 1.5. From the Options 
menu, the Variables of water surface, energy, and critical depth, were chosen 
to be plotted. 

· .Profile Plot · -~ · : .<;:~~[lf!j 
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Figure 1.5 Profile Plot for Critical Creek 
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Fr.om this profile, it can be seen that the water surface appears to approach or 
is equal to the critical depth at several locations. For example, from section 
12 through 8, the water surface appears to coincide with the critical depth. 
This implies that the program may have had some difficulty in determining a 
subcritical flow value in this region, or perhaps the actual value of the flow 
depth is in the supercritical flow regime. To investigate this further, a closer 
review of the output needs to be performed. This can be accomplished by 
reviewing the output at each of the cross sections in either graphical or tabular 
form, and by viewing the summary of Errors, Warnings and Notes. 

First, a review of the output at each cross section will be performed. From 
the main program window, select View, Detailed Output Tables, Type, and 
then Cross Section. Selection of cross section 12 should result in the display 
as shown in Figure 1.6. At the bottom of the table is a box that displays any 
errors, warnings, or notes that are specific to that cross section. For this 
example, there are several warning messages at cross section 12. The first 
warning is that the velocity head has changed by more than 0.5 feet and that 
this may indicate the need for additional cross sections. To explain this 
message, it is important to remember that for a subcritical flow analysis, the 
program starts at the downstream end of the reach and works upstream. After 
the program computed the water surface elevation for the 11th cross section, 
it moved to the 12th cross section . When the program computed the water 
surface elevation for the 12th cross section, the difference in the velocity head 
from the lith to the 12th cross section was greater than 0.5 feet. This implies 
that there was a significant change in the average velocity from section 11 to 
section 12. This change in velocity could be reflecting the fact that the shape 
of the cross section is changing dramatically and causing the flow area to be 
contracting or expanding, or that a significant change in slope occurred. In 
order to model this change more effectively, additional cross sections should 
be supplied in the region of the contraction or expansion. This will allow the 
program to better calculate the energy losses in this region and compute a 
more accurate water surface' profile. 
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Fxamnle I Critical Creek 

' Figure 1.6 Cross Section Table For River Station 12 

The second warning at cross· section 12 states that the energy loss was greater 
than 1.0 feet between the current cross section (# 12) and the previous cross 
section (#11). This warning also indicates the possible need for additional 
cross sections. This is due to the fact that the rate of energy loss is usually 
not linear. However, the program uses, as a default, an average conveyance 
equation to determine the energy losses. Therefore, if the cross sections are 
too far apart, an appropriate energy loss will not be determined between the 
.two cross sections. (The user may select alternate methods to compute the 
average friction slope. Further discussion of user specified friction loss 
formulation is discussed in Chapter 4 of the Hydraulic Reference Manual.) 

A review of other cross sections reveals the same and additional warnings . 
To review the errors, notes, and warnings for all of the cross sections, select 
Summary Errors, Warnings, and Notes from the View menu on the main 
program window. A portion ofthe summary table is shown in Figure 1.7. 
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Figure 1.7 Summary of Warnings and Notes for Critical Creek 

The additional warnings and notes that are listed in the summary table are 
described as follows. 

• Warning- The energy equation could not be balanced within the 
specified number of iterations. The program used critical depth for 
the water surface and continued on with the _calc.ulations . . This. ·--· 
warning implies that during the computation of the upstream water 
surface elevation, the program could not compute enough energy 
losses to provide for a subcritical flow depth at the upstream cross 
section. Therefore, the program defaulted to critical depth and 
continued on with the analysis. 

• Warning- Divided flow computed for this cross-section. After the 
flow depth was calculated for the cross section, the program 
determined that the flow was occurring in more than one portion of 
the cross section. For example, this warning occurred at river station 
# 10 and the plot of this cross section is shown in Figure 1.8. From 
the figure, it can be seen that at approximately an X-coordinate of 
800, there exists a large vertical land mass. During this output 
analysis, it must be determined whether or not the water can actually 
be flowing on both sides of the land mass at this flow rate. Since the 
main channel is on the right side of the central land mass, could the 
water be flowing on the left side or should all of the flow be contained 
to the right side of the land mass? By default, the program will 
consider that the water can flow on both sides of the land mass. If 
this is not correct, then the modeler needs to take additional action. 
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Additional action can be one of two procedures. First, if the existing scenario 
is not feasible, then the water on the left side may be considered as an 
ineffective flow area, where the water is accounted for volumetrically but it is 
not cqnsidered in the conveyance determination until a maximum elevation is 
reached . Secondly, if all ofthe flow should be occurring only on the right 
side of the land mass, then the land mass could be considered as a levee. By 
defining the central vertical land mass as a levee, the program will not permit 
a flow onto the left side of the levee until the flow depth overtops the levee. 

For further discussion on ineffective flow areas and levees, refer to Chapter 6 
of the User's Manual and Chapter 3 of the Hydraulic Reference Manual. 

• Warning -During the standard step iterations. when the assumed 
water surface was set equal to critical depth. the calculated water 
surface came back below critical depth . This indicates that there is 
not a valid subcritical answer. The program defaulted to critical 
depth. This warning is issued when a subcritical flow analysis is 
being performed but the program could not determine a subcritical 
flow depth at the specified cross section. As the program is 
attempting to determine the upstream depth, it is using an iterative 
technique to solve the energy equation . During the iterations, the 
program tried critical depth as a possible solution, which resulted in a 
flow depth less than critical. Since this is not possible in a subcritical 
analysis, the program defaulted to using critical depth at this cross 
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section and continued on with the analysis. This error is often 
associated with too long of a reach length between cross sections or 
misrepresentation of the effective flow area of the cross section. 

Warning- The parabolic search method failed to converge on critical 
depth. The program will try the cross section slice/secant method to 
find critical depth. This message appears if the program was required 
to calculate the critical depth and had difficulty in determining the 
critical depth at the cross section. The program has two methods for 
determining critical depth: a parabolic method and a secant method. 
The parabolic method is the default method (this can be changed by 
the user) because this method is faster and most cross sections have 
only one minimum energy point. However, for cross sections with 
large, flat over banks, there can exist more than one minimum energy 
point. For further discussion, refer to the section Critical Depth 
Determination in Chapter 2 of the Hydraulic Reference Manual. 

Note - Multiple critical depths were found at this location. The 
critical depth with the lowest, valid, water surface was used. This 
note appears when the program was requi red to determine the critical 
depth and accompanies the use of the secant method in the 
determination ofthe critical depth (as described in the previous 
warning message). This note prompts the user to examine closer the 
critical depth that was determined to ensure that the program supplied 
a valid answer. For further discussion, refer to the section Critical 
Depth Determination in Chapter 2 of the Hydraulic Reference 
Manual. 

Warning- The conveyance ratio (upstream conveyance divided by 
downstream conveyance) is Jess than 0.7 or greater than 1.4. This 
may indicate the need for additional cross sections. The conveyance 
of the cross section, K, is defined by: 

(1-1) 

If the n values for two subsequent cross sections are approximately 
the same, it can be seen that the ratio of the two conveyances is 
primarily a function of the cross sectional area. If this ratio differs by 
more than 30%, then this warning will be issued. This warning 
implies that the cross sectional areas are changing dramatically 
between the two sections and additional cross sections should be 
supplied for the program to be able to more accurately compute the 
water surface elevation. 

In summary, these warnings and notes are intended to inform the user that 
potential problems may exist at the specified cross sections. It is important to 
note that the user does not have to eliminate all the warning messages. 
However, it is up to the user to determine whether or not these warnings 
require additional action for the analysis. 
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Examnle I Critical Creek . 

Mixed Flow Analysis 

Upon reviewing the profile plot and the summary of errors, warnings, and 
notes from the subcritical flow analysis, it was determined that additional 
cross-section information was required. :\dditionally, since the program 
defaulted to critical depth at various location . along the river reach and could 
not provide a subcritical answer at several locations, a subsequent analysis in 
the mixed flow regime was performed. A mixed flow analysis will provide 
results in both the subcritical and supercritical flow regimes. 

Modification of Existing Geometry 

Before performing the mixed flow regime analysis, the existing geometry was 
modified by adding additional cross sections. To obtain the additional cross 
section information, the modeler should use surveyed cross section data 
whenever possible. Ifthis data are not avai lable, then the cross section 
interpolation method within the HEC-RAS program can be used . However, 
this method is not intended to be a replacement for actual field data. The 
modeler should review all interpolated cross sections because they are based 
on a linear transition between the input sections. Whenever possible, use 
topographic maps for assistance in evaluating whether or not the interpolated 
cross sections are adequate. The modeler is referred to the discussions in 
Chapter 6 of the User 's Manual and Chapter 4 of the Hydraulic Reference 
Manual for additional information on cross section interpolation. 

To obtain additional cross sections for this example, the interpolation routines 
were used. From the Geometric Data Editor, T ools and then XS 
Interpolation was selected. The initial type of interpolation was Within a 
Reach. The interpolation was started at cross section 12 and ended at cross 
section 1. The maximum distance was set to be 150 feet (This value can be 
changed later by the modeler to develop any number of cross sections 
desired.). Finally, Interpolate XS's was selected. When the computations 
were completed, the window was closed. At this point, the modeler can view 
each cross-section individually or the interpolated sections can be viewed 
between the original sections . The latter option is accomplished by selecting 
Tools, XS Inter polation, and then Between 2 Xs's. The up and down 
arrows are used to toggle up and down the river reach, while viewing the 
interpolated cross sections. When the upper river station is selected to be II 
(the lower station will automatically be I 0), the interpolation shown in Figure 
1.9 shou ld appear. 
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Summary 

1-16 

Initially, the river reach was analyzed using the existing geometric data and a 
subcritical flow regime. Upon analysis of the results, it was determined that 
additional cross-section data were needed and that there might be 
supercritical flow within the reach. Additional cross sections were then 
added by interpolation and the reach was subsequently analyzed using the 
mixed flow regime method. Review of the mixed flow analysis output 
showed the existence of both subcritical and supercritical flow within the 
reach. This exhibits that the river reach is set on a slope that will produce a 
water surface around the critical depth for the given flow and cross section 
data. Therefore, a completely subcritical or supercritical profile is not 
possible. 

\ 
\ 
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Example 2 Beaver Creek- Single Bridge 

EXAMPLE 2 

Beaver Creek - Single Bridge 

Purpose 

This example demonstrates the use ofHEC-RAS to analyze a river reach that 
contains a single bridge crossing. For this example, the bridge is composed 
of typical geometry and was located perpendicular to the direction of flow in 
the main channel. 

The stream for this example is a section of Beaver Creek located near 
Kentwood, Louisiana. The bridge crossing is located along State Highway 
1049, near the middle of the river reach. The field data for this example were 
obtained from the United States Geological Survey (USGS) Hydrologic Atlas 
No. HA-60 1. This atlas is one p~rt of a series developed to provide data to 
support hydraulic modeling of flow at highway crossings in complex 
hydrologic and geographic settings. The bridge, cross section geometry, and 
high water flow data were used to evaluate the flood flow of 14000 cfs that 
occurred on May 22, 1974, along with analysis of two additional flow values 
of 1 0000 cfs and 5000 cfs. It should be noted that modelers typically do not 
have access to high water marks and actual field flow measurements at 
bridges during the peak events . However, for this example, the flood stage 
water depth values were compared to the output from the model. 

For this analysis, the water surface profiles were determined by first using the 
pressure/weir flow method and then the energy method . Next, an evaluation 
of the bridge contraction and expansion reach lengths was performed and 
resulted in the necessity to reposition the location of certain cross sections. 
After these adjustments were made, the model was then calibrated with the 
observed water surface elevation data. Finally, a comparison of the 
pressure/weir flow method to the energy method was made. 

Pressure/Weir Flow Analysis 

From the main program window, select File and then Open Project. Select 
the project labeled "Single Bridge- Example 2." This will open the project 
and activate the following files: 

Plan: 
Geometry: 
Flow : 

"Pressure/Weir Method" 
"Beaver Cr.+ Bridge- P/W" 
"Beaver Cr. - 3 Flows" 
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To perform the pressure/weir flow analysis, the fo llowing data were entered: 

• River System Schematic 
• Cross Section Geometric Data 
• Bridge Geometry Data 
• Ineffective Flow Areas 
• Bridge Modeling Approach 
• Steady Flow Data 

After the input of this data, the pressure/weir flow method was used to 
determine the resulting water surface elevations for the selected flow values. 

River System Schematic 

From the main program window, select Edit and then Geometric Data. This 
will activate the Geometric Data Editor and the screen will display the river 
system schematic for the Beaver Creek reach, as shown in Figure 2.1. The 
river name was entered as "Beaver\Creek" and the reach name was 
"Kentwood." 

/ 
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Figure 2.1 River System Schematic for Beaver Creek 
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Example 2 Beaver Creek - Single Bridge 

The reach was initially defined with 14 cross sections beginning at river mile 
5.00 as the downstream river station and river mile 5.99 as the upstream river 
station. The cross sections with an asterisk (*)were added by interpolation 
for the purposes of this example. When the bridge was added, it was placed 
at river mile 5.40 to place it at the appropriate location. On the river 
schematic, some of the cross section labels may not appear due to overlapping 
of the labels. If this occurs, the labels can be seen by zooming in on the 
location of the closely spaced cross sections. 

Cross Section Geometric Data 

The cross section geometric data consists of the: X-Y coordinates, reach 
lengths, Manning 's n values, location of levees, and contraction and 
expansion coefficients. Each of these river station geometric data 
components are described in the following sections. 

X-Y Coordinates. To view the cross section geometry data, from the 
Geometric Data Editor select the Cross Se~tion icon. This will activate the 
Cross Section Data Editor as shown in Figure 2.2 for river mile 5.99. As 
shown in Figure 2.2, the X-Y coordinates were entered in the table on the left 
side of the editor. The additional components of the cross section geometry 
are described in the following sections. 

Figure 2.2 Cross Section Data Editor For River Station 5.99 
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Reach Lengths. The distances between the cross sections are entered as the 
downstream reach lengths in the Cross Section Data Editor. To view the 
summary of the reach lengths, the table as shown in Figure 2.3 can be 
activated by selecting Tables and then Reach Lengths from the Geometric 
Data Editor. The reach lengths were obtained by measuring the distances on 
the USGS atlas. To determine the main channel distances, it was initially 
assumed that during the peak event, the major active portion of the flow will 
follow the course of the main channel. If, after the analysis, it is determined 
that the major portion of the active flow is not following the main channel 
course, then the main channel flow distances will need to be adjusted. In 
other words, ifthe major portion of the active flow is "cutting across" the 
meanders of the main channel, then these reach lengths will need to be 
reevaluated. 

Figure 2.3 Reach Lengths Summary Table 

The reach lengths determine the placement of the cross sections. The 
placement of the cross sections relative to the location of the bridge is crucial 
for accurate prediction of expansion and contraction losses. The bridge 
routine utilizes four cross sections to determine the energy losses through the 
bridge. (Additionally the program will interpret two cross sections inside of 
the bridge by superimposing the bridge data onto both the immediate 
downstream and upstream cross sections from the bridge.) The following is a 
brief summary for the initial estimation of the placement of the four cross 
sections. The modeler should review the discussion in Chapter 6 of the 
User's Manual and Chapter 5 of the Hydraulic Reference Manual for 
further detail. 
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Example 2 Beaver Creek- Single Bridge 

First Cross Section. Ideally, the first cross section should be located 
sufficiently downstream from the bridge so that the flow is not affected by the 
structure (ie, the flow has fully expanded). This distance should generally be 
determined by field investigation during high flows and will vary depending 
on the degree of constriction, the shape of the constriction, the magnitude of 
the flow, and the velocity of the flow. In order to provide better guidance to 
determine the location of the fully expanded cross section, a study was 
performed by the Hydrologic Engineering Center [HEC-1995]. This study 
focused on determining the expansion reach length, the contraction reach 
length, and the expansion and contraction energy loss coefficients. 

For this example, cross section number 5.29 was initially considered as the 
cross section of fully expanded flow. This cross section was determined by 
field investigations as the approximate location of fully expanded flow during 
the high flow event. After the pressure/weir flow analysis was performed, the 
location of this cross section was evaluated using the procedures as outlined 
in the recent HEC study [HEC-1995]. The procedures required flow 
parameters at the initially chosen location to evaluate the location of the cross 
section. These procedures will be described after the preS?ure/weir flow 
analysis is performed near the end of this example. 

Second Cross Section. The second cross section used by the program to 
determine the energy losses through the bridge is located a short distance 
downstream of the structure. This section should be very close to the bridge, 
and reflect the effective flow area on the downstream side of the bridge. For 
this example, a roadway embankment sloped gradually from the roadway 
decking on both sides of the roadway . Cross section 5.39 was located at the 
toe of the roadway embankment and was used to represent the effective flow 
area on the downstream side of the bridge opening. The program will 
superimpose the bridge geometry onto this cross section to develop a cross 
section inside the bridge at the downstream end. 

Third Cross Section . The third cross section is located a short distance 
upstream from the bridge and should reflect the length required for the abrupt 
acceleration and contraction of the flow that occurs in the immediate area of 
the opening. As for the previous cross section, this cross section should also 
exhibit the effective flow areas on the upstream side of the bridge. For this 
example, cross section 5.41 was located at the toe of the roadway 
embankment on the upstream side of the bridge. Similar to the previous cross 
section, the program will superimpose the bridge geometry onto this cross 
section to develop a cross section inside the bridge at the upstream end. 

Fourth Cross Section. The fourth cross section is located upstream from the 
bridge where the flow lines are parallel and the cross section exhibits fully 
effective flow . For this example, cross section 5.44 was initially used as this 
section where the flow lines were parallel. After the pressure/weir flow 
analysis, the location of this cross section was evaluated us ing the procedures 
as outlined in the HEC study [HEC-1995] . This evaluation will be presented 
in the discussion near the end of this example. 
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program will automatically clip off and remove the deck/roadway area below 
the ground. For example, at station 0, a low cord elevation of200 feet was 
entered. However, the actual ground elevation at this point is approximately 
216 feet. Therefore, the program will automatically remove the area of the 
roadway below the ground. Additionally, the last station was entered as a 
value of 2000 feet. This stationing ensured that the roadway and decking 
extended into the limits of the cross section geometry. As described 
previously, the program will clip off the area beyond the limits of the cross 
section geometry. 

The US and DS Embankment SS (upstream and downstream embankment 
side slope) values were entered as 2 (horizontal to 1 vertical). These values 
are used for graphical representation on the profile plot and for the WSPRO 
low flow method. The user is referred to Example 13 - Bogue Chitto Single 
Bridge (WSPRO) for a discussion on the use of th is parameter with the 
WSPRO method. The WSPRO method is not employed for this example. 

At the bottom of the Deck/Roadway Data Editor, there are three additional 
fields for data entry. The first is the Max Allowable Submergence. This 
input is a ratio of downstream water depth to upstream energy, as measured 
above the minimum weir elevation. When the ratio is exceeded, the program 
will no longer consider the bridge deck to act as a weir and will switch the 
computation mode to the energy (standard step) method. For this example, 
the default value of 0.95 (95 %) was selected, however this value may be 
changed by the user. 

The second field at the bottom of the editor is the Min Weir Flow Elevation . 
This is the elevation that determines when weir flow will start to occur over 
the bridge. If this field is left blank (as for this example), the program will 
default to use the lowest high cord value on the upstream side of the bridge. 
Finally, the last field at the bottom of the editor is the selection of the Weir 
Crest Shape. This selection will determine the reduction of the weir flow 
coefficient due to submergence. For this example, a broad crested weir shape 
was selected. Upon entering all of the above data, the OK button was 
selected to exit the Deck/Roadway Data Editor. 

Bridge Pier Geometry. From the Bridge/Culvert Data Editor, select the 
Pier icon. This will result in the display shown in Figure 2.8 . The modeler 
should not include the piers as part of the ground or bridge deck/roadway 
because pier-loss equations use the separate bridge pier data during the 
computations. 

i . 
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Example 2 Beaver Creek - Single Bridge 

Figure 2.8 Bridge Pier Data Editor 

The program will establish the first pier as pier number 1. As shown in 
Figure 2.8, the upstream and downstream stations were entered for the 
centerline of the first pier. The upstream and downstream stations were based 
on the geometry of the cross sections located immediately upstream (cross 
section 5.41) and immediately downstream (cross section 5.3 9) of the bridge. 
The user needs to be cautious placing the pier centerline stations because the 
X-coordinates for the upstream and downstream cross section stationing may 
be different. This is to ensure that the piers "line up" to form the correct 
geometry. For this example, the pier centerline stations are 4 70, 490, 510, 
530, 550, 570, 590, 610, and 630 for the nine piers. Each pier was set to start 
at an elevation of200 feet (this elevation is below the ground level and the 
excess will be removed by the program) and end at an elevation of216 feet 
(this elevation is inside the bridge decking and the excess was removed by the 
program). Additionally, each pier had a continuous width of 1.25 feet. After 
entering the data, the OK button was selected and the schematic of the bridge 
with the piers was displayed on the Bridge/Culvert Data Editor as shown on 
Figure 2.9. (Note: The figure in the text displays the ineffective flow areas 
that will be added in the next section.) 

The cross sections shown in Figure 2.9 are developed by superimposing the 
bridge data on the cross sections immediately upstream (5.41 ) and 
immediately downstream (5.39) of the bridge. The top cross section in Figure 
2.9 reflects the geometry immediately inside the bridge on the upstream side 
and the bottom cross section reflects the geometry immediately inside the 
bridge on the downstream side. 
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Figure 2.9 Bridge/Culvert Data Editor 

While viewing the bridge, the modeler can select to view just the upstream, 
just the downstream, or both of the cross section views. This is performed by 
selecting View and then the required option. Additionally, from the View 
menu, the user should select Highlight Weir, Opening Lid and Ground as 
well as Highlight Piers. These options enable the modeler to view what the 
program wi ll consider as the weir length, bridge opening, and pier locations. 
Any errors in the data may appear as inconsistent images with these options. 
Also, the zoom-in option will allow the user to examine data details. 

As a final note for the bridge geometry, a bitmap image of the bridge was 
added to the geometry file (denoted by a red square on the river system 
schematic, Figure 2.1). The user can view this image by selecting the View 
Picture icon on the Geometric Data Editor. 
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Example 2 Beaver Creek - Single Bridge 

Ineffective Flow Areas 

As a final step for the bridge geometry, any ineffective flow areas that existed 
due to the bridge (or any other obstruction) were entered. Ineffective flow is 
used to define an area of the cross section in which the water will accumulate 
but is not being actively conveyed. At a bridge, ineffective flow areas 
normally occur just upstream and downstream of the road embankment, away 
from the bridge opening. 

For this example, ineffective flow areas were included on both the upstream 
cross section (5.41) and the downstream cross section (5 .39). To determine 
an initial estimate for the stationing of the ineffective flow areas, a 1: I ratio of 
the distance from the bridge to the cross section was used. For this example, 
section 5.41 is located 30 feet upstream ofthe bridge. Therefore, the left and 
right ineffective flow areas were set to start at 30 feet to the left and right of 
the bridge opening. Similarly, cross section 5.39 is located 30 feet 
downstream from the bridge and the ineffective flow areas at this cross 
section were set at 30 feet to the left and right of the bridge opening. 

To determine the initial elevation of the ineffective flow areas for the 
upstream cross section, a value slightly lower than the lowest high cord 
elevation was used. This ineffective flow elevation was chosen so that when 
the water surface becomes greater than this ineffective elevation, the flow 
would most likely be weir flow and would be considered as effective flow . 
At the downstream cross section, the elevation of the ineffective flow area 
was set to be slightly lower than the low cord elevation. This elevation was 
chosen so that when weir flow occurs over the bridge, the water level 
downstream may be lower than the high cord, but yet it will contribute to the 
active flow area. (Additional discussion of the selection of these elevations is 
described in the calibration section of this example.) 

To enter the ineffective flow areas, from the Geometric Data Editor select 
the Cross Section icon. Toggle to cross section 5.41 and select Options and 
then Ineffective Flow Areas. This will result in the display shown in Figure 
2.1 0. The default option (normal) is to enter the areas as a left station and 
elevation and/or a right station and elevation. For this example, both the left 
and right ineffective flow areas were used. 

Figure 2.10 Normal Ineffective Flow Areas For Cross Section 5.41 
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The left and right ineffective flow stations were entered as 420 and 677 feet, 
respectively. These values are 30 feet to the left and right ofthe bridge 
opening, as discussed previously. The elevation was then entered as 216.7 
feet, a value slightly lower than the high cord elevation. These entries imply 
that all the water to the left of the left station and to the right of the right 
station will be considered as ineffective flow until the water level exceeds the 
elevation of216.7 feet. 

Similarly, ineffective flow areas were set at river station 5.39 with a left 
station at 420 and a right station at 677, both at an elevation of215 .0 feet. 
The OK button was selected and the ineffective flow areas appeared as green 
triangles, as shown previously on Figure 2.9. Additionally, the ineffective 
flow areas will appear on the plots of the cross sections. Finally, a note will 
appear in the box at the bottom of the Cross Section Data Editor that states 
an ineffective flow exists for each cross section for which this option was 
selected. 

Bridge Modeling Approach 

The bridge routines allow the modeler to analyze the bridge flows by using 
different methods with the same geometry. The different methods are: low 
flow, high flow, and combination flow. Low flow occurs when the water 
only flows through the bridge opening and is considered as open channel flow 
(i. e. , the water surface does not exceed the highest point of the low cord on 
the upstream side of the bridge). High flow occurs when the water surface 
encounters the highest point of the low cord on the upstream side of the 
bridge. Finally, combination flow occurs when both low flow or pressure 
flow occur simultane-ousif with ffow over the brioge. The modeler needs to 
select appropriate methods for both the low flow and for the high flow 
methods. For the combination flow, the program will use the methods 
selected for both of the flows. ' 

From the Geometric Data Editor, select the .Bridge/Culvert icon and then 
the Bridge Modeling Approach button. This will activate the Bridge 
Modeling Approach Editor as shown in Figure 2. 11. For this example, · 
there is only 1 bridge opening located at this river station and therefore the 
bridge number was 1. The following sections describe the additional 
parameters of the bridge modeling editor. The modeler is referred to Chapter 
6 of the User's Manual and Chapter 5 of the Hydraulic Reference Manual 
for additional discussion on t-he bridge modeling approach editor. 

Low Flow Methods. Low flow exists when the.flow through the bridge is 
open channel flow. As can be seen in Figure 2.1.1, the program has the 
capability of analyzing low flow with four methods; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Example 2 Beaver Creek - Single Bridge 

- Energy Equation (Standard Step) 
- Momentum Balance 
-Yarnell Equation (Class A only) 
- WSPRO Method (Class A only) 

Figure 2.11 Bridge Modeling Approach Editor 

The p,nergy Equation (Standard Step) method considers the bridge as just , 
being part of the natural channel and requires Manning's n values for the 
friction losses through the bridge and 'coefficients of contraction and 
expansion. The Momentum Balance method performs a momentum balance 
through the bridge area and requires the selection of a drag coefficient, Cd. 
This coefficient is used to estimate the force due to the water moving around 
the piers, the separation of flow, and the resulting downstream wake. The 
Yarnell Equation is an empirical equation based on lab experiments . Finally, 
the WSPRO method is an energy b~sed method developed by the USGS for 
the Federal Highway Administration. 

At this time, the modeler needs to select which methods the program should 
compute and which method the program should use. The modeler can select 
to have the program compute particular methods or all of the methods. Then, 
the modeler needs to select which method the program will use as a final 
solution. Alternatively, the modeler can select the computation of several or 
all of the methods, and then have the program use the method with the 
greatest energy loss for the final solution. This will allow the modeler to 
view the results of all the methods and compare the results ofthe different 
techniques. 
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For this example, the Energy, Momentum, and Yarnell methods were selected 
to be computed. For the momentum method, a drag coefficient Cd = 2.00 
was entered for the square nose piers and for the Yarnell method, a value of K 
= 1.25 was entered. Finally, the method that resulted in the greatest energy 
loss was selected to be used for the solution. (The user is referred to Example 
13 for an application of the WSPRO method.) 

High Flow Methods. High flows occur when the water surface elevation 
upstream of the bridge is greater than the highest point on the low cord of the 
upstream side of the bridge. Referring to Figure 2.11, the two alternatives for 
the program to compute the water surface elevations during the high flows 
are: Energy Only (Standard Step) or Pressure and/or Weir Flow. The Energy 
Only (Standard Step) method regards the flow as open channel flow and 
considers the bridge as an obstruction to the flow. Typically, most bridges 
during high flows may act primarily as just an obstruction to the flow and the 
energy method may be most applicable. 

As a second method for the analysis of high flows, the program can consider 
the flow to be causing Pressure Flow and/or Weir Flow. For pressure flow, 
there are two possible scenarios. The first is when only the upstream side of 
the bridge deck is in contact with the water. For this scenario, the submerged 
inlet coefficient, Cd, was set to be 0.34. (This value was arrived at during the 
calibration, which is described later in this example.) The second scenario for 
pressure flow is when the bridge constriction is flowing completely full. For 
this situation, the submerged inlet and outlet coefficient was set to 0.80. 

·The program will begin to calculate either type of pressure flow when the 
computed-luwflowenergy·grade line-is-gre-ater1lrarrthe-high·est point of the 
upstream low cord. Alternatively, the user can set the elevation at which 
pressure flow will begin to be checked, instead ofthe highest low cord value. 
This value can be entered as the last input to the Bridge Modeling Approath 
Editor (Figure 2.11 ). For this example, this field was left blank which 1 

implies that the program used the highest value of the low cord (the default) . 
As an additional option, the user can select to have the program begin to 
calculate the pressure flow by using the value of the water surface instead of 
the value of the energy grade line. This is accomplished from within the 
Bridge/Culvert Data Editor by selecting Options and then Pressure flow 
criteria. This will result in the display shown in F igure 2.12. For this 
example, the option to use the upstream energy grade line was chosen. 

Finally, for the high flow. analysis,. Weir Flow occurs when the upstream 
energy grade line elevation (as a default setting) exceeds the lowest point of 
the upstream high cord. ,The weir flow data was entered previously in the 
Deck/Roadway n·ata Editor .. At this point, all of the bridge data have been 
entered. The user, should exit the geometry data editors and save the 
geometry data. For this example, the geometry data was saved as the file 
"Beaver Cr.+ Bridge- P/W." 
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Example 2 Beaver Creek - Single Bridge 

Figure 2.12 Pressure Flow Check Criteria 

Steady Flow Data 

To enter the steady flow data, from the main program window Edit and then 
Steady Flow Data were selected. This activated the Steady Flow Data 
Editor as shown in Figure 2.13. For this analysis on the reach of Kentwood, 
three profiles were selected to be computed. The flow data were entered for 
river· station 5.99 (the upstream station) and the flow values were 5000, 
1000.0, and 1400.0 cfs. These flows will be considered continuous throughout 
the reach so no flow change locations were used. Additionally, the three 
profile names were changed from the default values of "PF#l," etc., to "25 
yr," "1 00 yr," and May '74 flood," respectively. These names will be used to 
represent the flow profiles when viewing the output. 

Figure 2.13 Steady Flow Data Editor 

To enter the boundary conditions, the Reach Boundary Conditions button 
was selected and this resulted in the display shown in Figure 2.14. For this 
example, a subcritical analysis was performed. Therefore, a downstream 
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boundary condition was required for each flow value. The mouse arrow was 
placed over the downstream field and then the box was selected (highlighted). 
Then, 1 of the 4 boundary conditions was selected and this caused the type of 
boundary condition that was chosen to appear in the downstream end of the 
reach. 

Figure 2.14 Steady Flow Boundary Conditions 

For this example, Known W. S. was selected. This caused the input editor as 
shown in Figure 2.15 to appear. For each of the flows, the known 
downstream water surface elevations of209.5 , 210.5, and 211.8 feet were 
entered for the flows ~. 2, and 3, respectively. These values were obtained 
from observed data on the USGS Atlas. 

For the purposes of the analysis, if the downstream boundary conditions are 
not known, then the modeler should use an estimated boundary condition. 
However, this may introduce errors in the region of this estimated value. 
Therefore, the modeler needs to have an adequate number of cross sections 
downstream from the main area of interest so that the boundary conditions do 
not effect the area of interest. Multiple runs should be performed to observe 
the effect of changing the boundary conditions on the output of the main area 
of interest. For a detailed explanation of the types of boundary conditions, 
refer to Chapter 7 of the User's Manual and Chapter 3 of the Hydraulic 
Reference Manual. After entering the boundary condition data, the OK 
button was selected to exit the editor. T.his completed the necessary input for 
the flow data and the steady flow data was then saved as "Beaver Cr. - 3 
Flows." 
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Figure 2.15 Known Water Surface Boundary Conditions 

Pressure/Weir Flow Simulation 

To perfonn the steady flow analysis, from the main program window Run 
and then Steady Flow Analysis were selected. This activated the Steady 
Flow Analysis Window as shown in Figure 2.16. First, it was ensured that 
the geometry file and steady flow file that were previously developed 
appeared in the selection boxes on the right side of the window. Then, for 
this simulation, a subcritical flow analysis was selected. Additionally, from 
the Steady Flow Analysis window, Options and then Critical Depth 
Output Option were selected. An "x" was placed beside the option for 
Critical Always Calculated. This may require additional computation time 
during program execution, but then the user can view the critical depth 
elevation at all river stations during the review of the output. 

Figure 2.16 Steady Flow Analysis 

Select Options and then ensure that there is a check mark "T" in front of 
Check data before execution. This will cause the program to check all of 
the input data to ensure that all pertinent infonnation was entered. Next, the 

2-19 



Example 2 Beaver Creek - Single Bridge 

g 
c 

.Q 
-ro 
> 
Q) 

m 

2-20 

options were saved as a plan entitled "Press/Weir Method," with a Short ID 
entered as "Press/Weir." Finally, COMPUTE was selected at the bottom of 
the window. 

Review of Pressure/Weir Flow Output 

After the program has completed the analysis, the last line should read 
"PROGRAM TERMINATED NORMALLY." This window is closed by 
double clicking the bar in the upper left corner of the display. From the main 
program window, View and then Water Surface Profiles were selected. 
This displayed the profile plot as shown in Figure 2.17, showing the water 
surface elevations and critical depth lines for all three profi les. (Note: the 
variables that are displayed can be changed by selecting Options and then 
Variables.) 

From Figure 2.17, it can be seen that all three of the flow profiles are 
occurring in the subcritical flow regime. This ensures that fo r the low flow 
analysis, Class A low flow (subcritical flow) was occurring through the 
bridge. Low flow occurred for the first (5000 cfs) and for the second (1 0000 
cfs) flow profiles. For the high flow, the method of analysis was chosen to be 
pressure/weir flow. Pressure and weir flow occurred during the third flow 
profile (14000 cfs). One way to determine the type of flow that occurred is 
by viewing the bridge only output table. This table is presented in Figure 
2.18 and was activated from the main program window by selecting View, 
Profile Table, Std. Tables, and then Bridge Only. 

Single Bridge - Examj:>le 2--Press/Weir-Method 
Geom: Beaver Cr. + Bridge- P/W Flow: Beaver Cr. - 3 Flows 

220 ~-------Kentwood----===="! --- Legend 

215 

205 

200· 
_/ 

-·;_~:_-_-=~;~~; 
... 

I 

WS May 74 flood . 
ws 100yr 

- - - -- -, --- - -
Crlt May 7 4 nood 

ws 25yr . 
Crit 100yr 

- - - - - -- - - - - . 
Crit 25 yr 

Ground 

195~~~~~~·~.-~~~~~~.-~~~~~~ 

0 1000 2000 3000 4000 5000 6000 

Main Channel Distance (ft) 

Figure 2.17 Profile Plot for Pressure/Weir Analysis 

For this example there is only one bridge located at river station 5.40, as 
listed in the table. Pressure flow calculations were set to begin when the 
energy grade line elevation of the upstream section ( 5.41) was greater than 
the highest elevation of the upstream low cord (215.7 ft). The first column in 
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Example 2 Beaver Creek- Single Bridge 

Figure 2.18 shows the energy grade line elevation ofthe upstream section 
(EG US) and the second column shows the elevation when pressure flow was 
set to begin. A comparison of these two columns shows that pressure flow 
occurred for the third profile. Additionally, it can be seen that weir flow 
occurred for the third profile, since there is a weir flow value for the third 
profile. The following sections detail the output for the first two profiles and 
then for the third flow profile. 

Figure 2.18 Bridge Only Summary Table for Pressure/Weir Flow 

First and Second Flow Profiles. The first (5000 cfs) and second (1 0000 cfs) 
flow profiles were both computed using the low flow methods of: Energy, 
Momentum, and Yarnell. From the main program window, select View, 
Profile Table, Standard Tables, and then Bridge Comparison. This will 
provide a comparison table for the different energy loss methods and is 
shown in Figure 2.19. 

' In Figure 2.19, the three rows display the results for each of the three flow 
profiles, in ascending order. The river station is set at 5.4 (the only bridge 
location for this reach). The fourth column shows the water surface elevation 
immediately upstream of the bridge. The sixth, seventh and eighth columns 
show the results of the low flow methods that were chosen to be computed: 
Energy, Momentum, and Yarnell Methods, respectively. The program 
compared the results and used the value with the greatest energy loss . For the 
first and second profiles, the energy method calculated the greatest energy 
losses and the program used the results of213 .31 and 215 .67 feet, 
respectively. 

2-21 



Example 2 Beaver Creek - Single Bridge 
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Figure 2.1 9 Bridge Comparison Table for P ressure/Weir Flow Analysis 

Third Flow Profile. The third flow profile was computed for a flow of 
14000 cfs. As can be seen in Figure 2.18, approximately 3050 cfs ofthe total 
flow was weir flow. The remaining flow, approximately 10950 cfs, was 
pressure flow through the bridge opening. As can be seen in Figure 2.19, the 
energy grade line necessary for pressure-only flow was 221.66 feet. Since 
this value is greater than the upstream high cord, weir flow also developed. 
Therefore, the program used the pressure/weir energy value as the solution to 
the high flow method, namely 217.68 feet. 

Energy Method Analysis 

2-22 

As a second approach to analyze the three flows, the energy method will be 
used instead of the pressure/weir flow method for the high flows. From the 
Steady Flow Analysis Window, select File, Open Plan, and then select 
"Energy Method." This will activate the plan that employed the energy 
method fo r the analysis. The following discussion outlines the procedure 
used to develop this plan. 

Energy Method Data and Simulation 

To enter the data for the energy method, from the main program window 
Edit, Geometric Data, the Bridge/Culvert icon, and then the Bridge 
Modeling Approach icon were selected. This activated the Bridge 
Modeling Approach Editor as was shown in Figure 2.11. The Energy Only 
(Standard Step) option was then selected as the high flow method (instead of 
the Pressure/Weir method). Then, the editor was closed and the geometry 
was saved as "Beaver Cr.+ Bridge- Energy." Next, Run and then Steady 
Flow Analy is were selected from the main program window. This activated 
the Steady Flow Analysis Window. The geometry file was selected as 
"Beaver Cr. +Bridge - Energy" and the steady flow file was "Beaver Cr. - 3 
Flows" (the same steady flow file as used previously). Then, a Short ID was 
entered as "Energy" and the options were saved as the plan "Energy Method." 
Finally, COMPUTE was selected to perform the steady flow analysis. 
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Review of Energy Method Output 

From the main program window, select View, Profile Table, Standard 
Tables, and then Bridge Comparison. This bridge comparison table is 
shown in Figure 2.20. For the first and second profiles, the table shows the 
same results as for the pressure flow analysis. This is as would be expected 
since the first and second profiles were calculated using the same low flow 
procedures. For the third profile, the energy method was used to calculate the 
energy losses through the bridge for this high flow and resulted in an energy 
gradeline elevation of 217.3 8 feet. 

Figure 2.20 Bridge Comparison Table for Energy Method Analysis 

Evaluation of Cross Section Locations 
\ 

As stated previously, the locations ofthe cross sections and the values 
selected for the expansion and contraction coefficients in the vicinity of the 
bridge are crucial for accurate prediction of the energy losses through the 
bridge structure. For this example, the locations of the cross sections and the 
energy loss coefficients were evaluated for the high flow event. The 
following analysis is based on data that were developed for low flow events 
occurring through bridges and the modeler should use caution when applying 
the procedure for other than low flow situations. Each of the reach length and 
coefficient evaluation procedures are discussed in the following sections. 

Expansion Reach Length 

The expansion reach length, Le, is defined as the distance from the cross 
section placed immediately downstream of the bridge to the cross section 
where the flow is assumed to have fully expanded. For this example, this 
distance is from cross section 5.39 to cross-section 5.29. Initially, the 
expansion reach length is estimated according to observed field data or other 
appropriate method. For this example, observed data were available so the 
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initial estimate of the expansion reach length was obtained from the field 
observations. After the analysis,. the modeler can evaluate the initial estimate 
of the expansion reach length . For the analys is, it is recommended to use the 
regression results from the US Army Corps of Engineers (USACE) study 
[HEC-1995]. The results ofthe study suggest the use ofEquation 2-1 to 
evaluate the expansion reach length . This equation is valid when the 
modeling situation is similar to the data used in the regression analysis. (In 
the document, alternative expressions are presented for other situations.) The 
equation is: 

(- ) ( Fs39 J -L. = ER Lobs = -298 + 257 - · + 0.918Lobs + 0.00479Q 
Fs.29 

(2-1) 

where: Le 
ER 
Fs.39 

Fs.29 

L obs 

Q 

expansion reach length, ft 
expansion ratio 
main channel Froude number at the cross section 
immediately downstream of the bridge (cross section 
5.39 for this example) 
main channel Froude number at the cross section of 
fully expanded flow (initially cross section 5.29 for 
this example) 
average length of obstruction caused by the two 
bridge approaches, ft 
total discharge, ff/s 

(Note: The subscripts used in Equation 2-1 and all subsequent equations 
reflect the river station numbering for this example.) 

From the field data, the average length of the obstruction is approximately 
740 feet and the tot:al discharg~, Q, is 14,Q9Q 9f~ for the high flow event. 
From the initial analysis,' the' values of'hi~ ·~~o~~~'e number at cross-section 
5.39 was 0.3 7 and at cross section 5.29 was 0.30 . (Both of these values were 
the same for pressure/weir and energy methods and are displayed on 
Standard Table 1.) Substituting the values into Equation 2-1 yielded that the 
expansion reach length, Le, was approximately 778 feet. This equation has a 
standard error of 96 feet, which yields an expansion reach' length range from 
682 to 874 feet to define the 68% confidence band. The distance used for the 
expansion reach length (the distance from cross section 5.39 to cross-section 
5.29) was ·set to be 500 feet in the main channel, which is less than the 
recommended range from the equation. The modeler now has the option to 
adjust this length so that it is within the calculated range. Then, after a new 
analysis, the new Froude numbers should be used to calculate a new 
expansion reach length. If the geometry is not changing rapidly in this 
region, then only 1 or 2 iterations should be necessary to obtain a constant 
expansion reach length value. 

For this example, the location of the fully . expanded cross section was 
changed to reflect the new expansion reach length (778 feet) by interpolating 
a new cross section to be located 778 feet downstream from cross section 
5.39. To accomplish this, the following steps were taken. First, the 
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pressure/weir flow plan ("Pressure/Weir Method") was activated . Then, in 
the Geometric Data Editor, a cross section was interpolated between cross 
sections 5.29 and 5.21 *. This interpolated cross section (5.24*) was set to be 
at a distance of278 feet downstream from cross section 5.29. Since cross 
section 5.29 was already located 500 feet downstream from cross section 
5.39, the location of cross section 5.24* was then 500 + 278 = 778 feet 
downstream from cross section 5.39 . The cross sections 5.29, 5.27*, and 
5.21 *were then deleted. 

Finally, this new geometric data was saved as a file called "Bvr.Cr.+Bridge­
P/W: New Le, Lc." On the Steady Flow Analysis Window, a Short ID was 
entered as "P/w+NewLeLc" and then the new geometry file and the original 
steady flow data file were saved as a plan entitled "Press/Weir Method: New 
Le, Lc." The Geometric Data Editor was then reactivated and the Bridge 
Modeling Approach Data Editor was selected. The high flow method was 
chosen to be the energy method and then the geometry data was saved as 
"Bvr.Cr.+Bridge- Energy: New Le, Lc." The Steady Flow Analysis 
Window was activated, a Short ID was entered as "En.+New LeLc," and the 
new energy geometry file and the steady flow data file were then saved as a 
new plan entitled "Energy Method : New Le, Lc." This procedure created 
two new plans, with each plan containing the necessary interpolated geometry 
and appropriate high flow calculation methods. 

Each of the two new plans were then executed and the resulting flow 
parameter values were reentered into Equation 2-1 . (Note: The Froude 
number for river station 5.29 was replaced by the Froude number at river 
station 5.24* in Equation 2- L) The final mean value of the expansion reach 
length was then determined to be 750 feet, with a range of± 96 feet to define 
the 68% confidence band. The adjusted reach length value of778 feet is 
within the confidence band and no additional iterations were computed. 
Finally, the expansion ratio (ER) as described in Equation 2-1 should not 
exceed 4: I and should not be less than 0.5: 1. For this example, the final 
expansion ratio was ER = (778) I (740) = 1.05, which is within the acceptable 
range. In the above procedure, the -modeler is directed to Chapter 4 of the 
Hydraulic Reference Manual for additional information on cross section 
interpolation and to Chapter 5 of the User's Manual for further discussion on 
working with projects. 

Upon reviewing the above procedures, the modeler can open either of these 
new plans and the corresponding geometry and flow data files will be 
activated . For this example, the results of the water surface profiles for the 
new plans are approximately equal to the results obtained from the original 
geometry for both of the pressure/weir flow and energy methods, 
respective'ly . However, the modeler should apply the above procedures to 
evaluate the location of the expansion reach length for each specific 
application. 

Finally, during the procedures as outlined above, if the location of the 
expansion reach length produces a distance sufficiently far downstream from 
the bridge, then the modeler may be required to include additional cross 
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sections within this reach length to accurately predict the energy losses. This 
may be accomplished by inserting cross sections and providing the 
appropriate ineffective flow areas at each cross section according to their 
location with respect to the bridge opening. 

Contraction Reach Length 

The contraction reach length, Lc, is defined as the distance from the cross 
section located immediately upstream of the bridge ( 5.41) to the cross section 
that is located where the flow lines are parallel and the cross section exhibits 
fully effective flow (5.44). To evaluate this reach length, the regression 
results (shown as Equation 2-2 below) from the US Army Corps of Engineers 
(USACE) study [HEC-1995] was used. The equation is: 

Lc =CR(Lobs)=263+38.8(Fs.39 J+257( QobJ
2 

-58.7( nobJo.s +0.l61Lobs (2-2) 
FS.29 Q nc 

where: Lc 
CR 
Fs .39 

Fs .29 

Qob 

= 
= 

contraction reach length, ft 
contraction ratio 
main channel Froude number at the cross section 
immediately downstream of the bridge (cross section 
5.39 for this example) 
main channel Froude number at the cross section of 
fully expanded flow (initially cross section 5.29 for 
this example) 
discharge conveyed in the two overbanks at cross 
section 5.44, cfs 
total discharge, ftl /s 
Manning n value for the over banks at section 5.44 
Manning n value for the main channel at section 5.44 

From the field data and the results of the initial analysis, the Froude numbers 
at seetions: $ ~3~·-and ~ .:?Q W~[ .,O.JV',and 0.30, respectively, the total over bank 
flow at cross section 5.44 was approximately 9780 cfs (an average of9880 
for the pressure/weir flo.w and 9685 for the energy method), the total flow 
was 14000 cfs, the weighted n value for both ofthe overbanks was 0.069, the 
n value for the main channel was 0.04, and the average length of the 
obstruction was 740 feet. Substitution of these values into Equation 2-2 
yielded the contracted reach length of 478 feet. This equation has a standard 
error of 31 feet which results in .a contraction reach length range from 44 7 to 
509 feet to define the 68% confidence band. For this example, the distance 
from cross section 5.44 to cross section 5.41 was set at 170 feet along the 
main channel. Since this value was outside of the confidence range, the reach 
length was adjusted to reflect the new contraction reach length. 

The adjustment of the geometry for the new contraction reach length was 
performed similarly to the adjustment procedure for the expansion reach 
length. A cross section (5 .49*) was interpolated between river stations 
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5.525* and 5.44 that was set to be 308 feet upstream of river station 5.44. 
Then, the reach length from river station 5 .49* to river station 5.41 was 308 + 
170 = 478 feet, the required contraction reach length . This new river station 
can be viewed by opening the plan "Press/Weir Method: New Le, Lc" for the 
pressure/weir method or the plan "Energy Method: New Le, Lc" for the 
energy method analysis. 

Finally, after the subsequent analysis with the new contraction reach length, 
the new flow parameters were entered into Equation 2-2 and yielded a 
contraction reach length of 499 feet, with a range from 468 to 530 feet to 
define the 68% confidence band. The adjusted contraction reach length of 
478 feet is within this range and no additional iterations were necessary. 
(Note : The Froude number for river station 5.29 was replaced by the Froude 
number at river station 5.24* in equation 2-2.) 

As a fmal criteria, the contraction ratio (CR) should not exceed 2.5:1 nor 
should it be less than 0.3: 1. For this example, the final contraction ratio was 
CR = (499) I (740) = 0.67; which is within the acceptable range. Table 2-1 
shows a relationship of the values computed for the expansion reach lengths 
and the contraction reach lengths during the iterations as described above. 
Additionally, the table shows the va1ues as determined by the USGS and the 
traditional USACE methods. 

Table 2.1 Expansion and Contraction.ReachLength Determinations 

Expansion or Contraction Reach Length Determination Method 

USGS 

200 
200 

Traditional Initial Placement HEC-1995 HEC-1995 
USACE from field data 1st iteration 2nd iteration 
2964 500 770 747 
740 170 478 499 

As can be seen from the data in Table 2.1, the USGS method will typically 
provide a minimum criteria and the traditional USACE method will provide a 
maximum length. The recent study [HEC-1995] was performed to provide 
better guidance for the evaluation of the reach lengths and these values fall 
within the range as determined by the previous two methods. 

Expansion· Coefficient 

The expansion coefficient is used to determine the amount of energy loss due 
to the flow expanding between two particular cross sections. The research 
document [HEC-1995] suggests the following relationship for the value of the 
expansion coefficient: 

C. =- 0.09 + 0.570 ( Dob J + 0.075 ( F5
·
39 J 

D C F529 . I . 

(2-3 ) 
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where: Ce 
Dob = 

expansion coefficient 
hydraulic depth (flow area I top width) for the 
overbank at cross section 5.29 
hydraulic depth in the main channel at cross section 
5.29 

From the data for the analysis, the hydraulic depth for the overbank at cross 
section 5.29 was 4.26 feet (an average of 5.31 and 3.20 feet for the LOB and 
ROB, respectively, with the values being consistent for both the pressure/weir 
flow and energy method) and the hydraulic depth of the main channel was 
7.20 feet. Substitution of the values for the variables yielded an expansion 
coefficient of 0.34. This is the median value and the range of± 0.2 defines 
the 95% confidence band for Equation 2-3. Therefore, the modeler should 
use the value of 0.34 as an initial value and vary the coefficient by ±0.2. For 
this example, a value of 0.5 was initially used for the expansion coefficient in 
the vicinity of the bridge. During the iterations for the contraction and 
expansion reach lengths, th is coefficient was reevaluated for each iteration. 
For the final value, the hydraulic depth in the overbank at cross section 5.24* 
was 4.1 I feet (an average of 5.06 and 3.16 feet for the LOB and ROB, 
respectively, with the values being consistent for both the pressure/weir flow 
and energy method) and the hydraulic depth of the main channel was 8.40 
feet. This yielded an expansion coefficient of 0.27, ±0.2 . For the example, a 
final value of 0.5 was calibrated in order to match the observed data. 

Contraction Coefficient 

The contraction coefficient is used to determine the amount of energy loss 
due to the flow con.tractlng oetween .two particular cross sections. The data of 
the study [HEC-1995] did not lend itself to regression of the contraction 
coefficient values and an approximate range is recommended by the research. 
For this example, a range of OJ to 0.5 is recommended by the research . A 
value of 0.3 was used for the contraction coefficient in the vicinity of the 
bridge. 

In summary, the above recommendations for the expansion reach length, the 
contraction reach length, and the expansion and contraction coefficients 
represent an improvement in the general methodology behind the prediction 
of these values. The modeler is recommended to apply these new criteria as a 
more substantial method for estimating the transition reach lengths. As a 
final note, after the initial analysis, the expansion and the contraction reach 
lengths as well as the expansion and contraction coefficients should be 
evaluated simultaneously. Then, adjustments should be made to the reach 
length and coefficient values before a subsequent analysis is performed. 
Finally, the new data should be used to reevaluate all of the reach lengths and 
coefficients. This procedure will ensure that the modeler is always using the 
current flow data for the analysis. 
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Model Cal ibration 

For the high flow event, observed data were available as obtained from the 
USGS Atlas. Therefore the water surface profiles calculated by the model 
were calibrated to reflect the observed water surface profiles and weir flow. 
This calibration occurred after the reach lengths and coefficients had been 
evaluated. 

From the observed data, it was recorded that a flow of approximately 3300 
cfs occurred over the highway embankment. Therefore, a target value of weir 
flow was available for the calibration of the model. From the main menu, 
select View and then Cross Section Table, Type, and then Cross Section. 
Select river station 5.41 and profile 3 and this will display the table shown in 
Figure 2.21. In the right column, the flows in the LOB, main channel, and 
ROB are shown as 1228.00,9653 .93, and 3118.07 cfs respectively. Since 
this cross section is placed immediately upstream of the bridge, the majority 
of the flow in the LOB and ROB will contribute to the weir flow over the 
bridge. From the top of the table, select Type and then select Bridge. In the 
left c61umn, the weir flow is listed as being 3043 .90 cfs. This is the total weir 
flow occurring over the bridge. This value should be approximately equal to 
the total flow in the LOB and ROB of river station 5.41 of 1228.00 + 3118.07 
= 4356.07. The calculated weir flow is less than this total but all of the flow at 
cross section 5.41 in the LOB and ROB will not contribute to the weir flow, 
only a major portion of it. Furthermore, a target value of approximately 3300 
cfs of weir flow was observed. The1total weir flow was computed as being 
3044 cfs, a close approximation to the estimated weir flow. 

To obtain this close approximation, . the weir flow coefficient was set to a 
value of2.6 to account for the inefficiency of the bridge surface structure to 
act as a true weir and since the depth of water over the bridge was small 
compared to the height of the weir. Additionally, the Manning's n values 
were adjusted . Originally, the Manning' s n values were the average values 
obtained from the USGS Atlas. Then, the Manning' s n values were raised 
slightly in the overbank and main channel areas to decrease the amount of 
conveyance in these areas. This c~used the water surface profile and the 
amount of weir flow to closer approximate the observed data throughout the 
river reach . It should be noted that the n values were raised on a global scale. 
Individ~al specific n values should not be adjusted without taking into 
account the spatial average of the factor. 

For the pressure flow coefficients, the downstream water surface inside the 
bridge was calculated at a value slightly lower than the low cord. This 
implies that the program was using the sluice gate (submerged inlet only) 
pressure flow relationship . Therefore, the submerged inlet coefficient was 
reduced to decrease the amount of flow through the bridge. This increased 
the upstream energy and allowed more water to flow over the bridge to 
concur with what happened during the observed event. 
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Figure 2.21 .Cross Section Table For Plan: P/W New LeLc 

Finally, for the calibration, the ineffective flow areas at cross section 5.41 and 
5.39 were set to balance the flow going over the weir. Initially, the flow in 
the LOB and ROB at cross section 5.4 1 was drastically larger than the flows 
in the LOB and ROB at the downstream section 5·.39. This was due to the 
fact that the ineffective flow area elevations at cross section 5.39 were 
previous ly set to a value in between the low cord and the high cord. When 
the flow came over the weir, the depth downstream was less than the 
ineffective flow ele~atiori, so the program initially considered the overbank 
area as ineffective flow .":' This is not a realistic answer. When the flow goes 
over the weir it contributes to. the overbank flow at the downstream cross 
section and then this dow,nstream area should be considered as effective flow. 
Therefore, the ineffective flow elevations were lowered to allow the we ir 
flow that entered cross section· §.39 10 become effective. 

These calibrations were performed because the actual flow depths for the 
event we~:.e _kn_o__wn. Jf these actual data were not known, then the adjustment 
of the Manning ' s n values, pressure flow coefficients, and weir flow rate 

; ·' d ·~" • , .• : •. 
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Example 2 Beaver Creek - Single Bridge 

could not be conducted to the refmement in the previous discussion . 
However, the balancing of the weir flow to the flow in the LOB and ROB at 
river stations 5.39 and 5.41 could be performed. The calibration to the model 
accounted for a more accurate determination of the water surface profile to 
the observed data. 

Comparison of Energy and Pressure/Weir Flow 
Methods to Observed Data 

To compare the results of the analyses to the observed data, the observed data 
was first entered in the Steady F low Data Editor by selecting Options and 
then Observed WS. This activated the editor as shown in Figure 2.22 on 
which the observed data were entered for the flood event. This editor was 
closed and then the profile plot was activated and is shown in Figure 2.23 . 

Figure 2.23 displays the three water surfaces for each of the two plans, as 
well as the observed values. The display options for this figure were selected 
under the Options menu as: I) Variables- select to display the water surface 
and observed water surface; 2) P rofiles - select 1,2, and 3; and 3) P lans­
select both the "Energy Method: New Le Lc " plan and the "Pressure/Weir 
Flow: New Le Lc" plan . As shown in the figure, both methods produced the 
same. water surface profiles for the first two flows (both of the low flows) . 
This is as would be expected because both. methods analyzed the two low 
flows using the same criteria. For the high flow, the water surface profile for 
the energy method and the. pressure/weir flow method varied slightly 
upstream of the bridge. The Zoom feature under the O ptions menu can be 
used to obtain a closer view of the profiles. 

Figure 2.22 Observed Water Surface E ditor 
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Figure 2.23 All3 Flow Profiles for Press/Weir and Energy Methods 

Table 2.2 shows a tabular comparison of the calculated water surface 
elevations for both the pressure/weir flow method and the energy method to 
the observed data. The observed values with a*"* denote that the value may 
be in question due to there being only a few observed values in the vic inity of 
the location on the atlas or because those that were provided were not in the 
active flow area. 

In comparison of the-calculated values to the observed values, both of the 
modeling approaches were able to predict the actual water surface elevations 
within a reasonable tolerance. The largest errors occurred where the observed 
water surface values are in question. Additionally, the observed values in the 
table are an average water surface elevation over the area of effective flow 
where the cross sections are located. The one dimensional model can only 
predict one resulting water surface; therefore, the fluctuations across the cross 
section will not occur in the model as they did during the actual event. 

In comparison ofthe pressure/weir method to the energy method, the greatest 
difference occurs at the bridge structure. The water surface elevations for the 
pressure/weir flow method inside the bridge are estimated using the upstream 
and downstream flow depths. 
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Table 2.2 Comparison of Water Surface Elevations for Q = 14000 cfs 

Cross Section 

5.99 
5.875* 
5.76 
5.685* 
5.61 
5.49* 
5.41 
5.40-BrUp 
5.40- Br On 
5.39 
5.24* 
5.13 
5.065 
5.00 

Summary 

Pressure/Weir Energy 

Calculated Absolute Calculated Absolute Observed 
Error Error 

220.00 0.00 219.95 -0.05 220.0 
218.99 -0 .21 218 .87 -0.33 219.2** 
218.46 0.06 218 .29 -0.11 218.4 
218.23 -0.07 218.04 -0.26 218.3 
218.09 -0.01 217.88 -0.22 218.1 
217.91 0.01 217.66 -0.24 217.9 
217.44 -0 .36 217.12 -0 .68 217.8** 
217.44 215.86 NA 
217.44 215.26 NA 
215.62 0.42 215.62 0.42 215.2** 
214.64 0.04 214.64 0.04 214.6 
213 .33 -0.27 \ 213.33 -0.27 213.6 
212.54 0.04 

·, 
212.54 0.04 212.5 

211.80 0.00 211.80 0.00 211.8 

This example demonstrated the use ofHEC-RAS to analyze a river reach that 
contains a single bridge crossing. The geometric data consisting of the cross 
sections and bridge geometry were entered for the reach along Beaver Creek, 
as obtained from the USGS Atlas No. HA-60 1. Three flow values were used 
for the analysis, with the largest flow coinciding with the flood event in May 
1974. The first plan consisted of the geometry data (with the high flow 
method selected as press/weir) and the flow data. A second plan was created 
with the selection of the energy method for the high flow analysis. Review of 
results for these plans reflected the necessity for adjustments to the expansion 
and contraction reach lengths. 

After the adjustments were made, two new plans were created, one for the 
pressure/weir and one for the energy method for the high flow analysis. The 
results of these two new plans were then compared to the observed water 
surface elevations. From the comparison, the pressure/weir method resulted 
with the closest values to the observed water surface elevations . 
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EX A M P LE 3 

Single Culvert (Multiple Identical Barrels) 

Purpose 

This example is designed to demonstrate the use ofHEC-RAS to analyze the 
flow of water through a culvert. The program has the capability of analyzing 
flow through a single culvert, multiple identical culverts, and multip le non­
identical culverts. 

A culvert type is defined by the characteristics of: shape, size, chart, scale 
number, length, Manning's n value, loss coefficients, and slope (upstream and 
downstream inverts). If a series of culverts are of the same type (have 
identical characteristics), then the user can kombine these culverts to be 
categorized as one culvert ID with multiple identical barre ls. For a given 
culvert ID, the program can analyze up to 25 identical barrels . This example 
will analyze a single cu lvert type with two identical circular barrels . 

The entering of data and the analysis of a culvert are very similar to the 
procedures used for bridges. The user is referred to Example 2 for the 
procedures of bridge analyses and to Chapter 6 of the Hydraulic Reference 
Manual for a detailed discussion on modeling culverts . To review the 
analysis of this example, from the main window select File and then Open 
Project. Select the project labeled "Twin Circular Pipe- Example 3 ." This 
will open the project and activate the following files : 

Plan: 
Geometry: 
Flow: 

"Spring Creek Culverts" 
"Multiple Pipe Geometry" 
"Multiple Pipe Flow Data" 

Geometric Data 

To perform the analysis, the geometric data were entered first. The geometric 
data consists of the river system schematic, the cross section geometry, 
placement ofthe cross sections, and the culvert information. Each of these 
geometric data components is described in the following sections. 
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River System Schematic 

From the main program window, select Edit and then Geometric Data and 
the river system schematic of Spring Creek will appear, as shown in Figure 
3.1. A river reach was drawn and the river was labeled as "Spring Creek" and 
the reach was titled "Culvrt Reach ." This river reach was initially defined 
from the surveyed information to contain 9 cross sections, with' river mile 
20.535 as the upstream cross section and river mile 20.000 as the downstream 
cross section. The river station 20.208* was interpolated for this example, 
and will be discussed in a subsequent section. Additionally, a culvert is 
displayed which was inserted at river station 20.23 7 during the procedure of 
this example. 

Culvrt Reach 

. 20 .422 

~ 
~ 

/ 

~ 
<P 

0 
.. · · ·~ - --·-- --

{() 

~ / 20 .308 

/ 20.208• 
·· 20 .189 

/ 20 .095 

Figure 3.1 River System Schematic For Spring Creek 
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Cross Section Geometry 

To enter the cross section data, from the Geometric Data Editor, the Cross 
Section icon was selected. This activated the Cross Section Data Editor, as 
shown in Figure 3.2 for river station 20.238. A description of the section was 
entered as "Upstream end of Culvert" and the X-Y coordinates were entered 
in the table on the editor. On the right side of the editor, the reach lengths to 
the next downstream section (cross section 20.227 for this example) were 
entered as 57 feet for the LOB, main channel, and ROB . For this cross 
section, the Horizontal variation in n values was selected from the Options 
menu. This created an additional column in the X-Y coordinates section in 
which the Manning's n values were entered at the locations along the width of 
the cross section where then values change. For this specific cross section, 
the n values only changed at the left and right over bank locations . Therefore, 
this horizontal variation option was not necessary. Then values could have 
been entered directly on the right side of the data editor in the LOB, Channel, 
and ROB fields. This option was merely selected to display this possibility. 

Figu re 3.2 Cross Section Data Editor 

Additionally, on the right side of the data editor, the left and right stations of 
the main channel were entered. For this cross section, the left side of the 
main channel is defined to start at station 972 and end at the right station of 
I 027 feet. Finally, the contraction and expansion coefficients were entered as 
0.3 and 0.5, respectively. These coefficients are used by the program to 
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determine the energy losses due to the flow contracting or expanding as it 
travels from one cross section to the next. Typical values of these 
coefficients for gradual transitions are 0.1 and 0.3 for contractions and 
expansions, respectively. However, at locations where there are sudden 
changes in the cross section geometry (i.e., flow into or out of a culvert or 
bridge opening), the coefficients may take larger values. The selection of 
these coefficients is discussed in detail in Chapter 3 of the Hydraulic 
Reference Manual. For this cross section (being the section immediately 
upstream of the culvert opening), the coefficients were initially selected as 0.3 
and 0.5 for the contraction and expansion, respectively. After the flow 
analysis, ranges for these values were determined by using the methods 
outlined in the HEC-1995 research document. These ranges were compared 
to the selected values and will be discussed near the end of this example. 

The cross-section information for the other river stations were entered in a 
similar fashion as for river station 20.238. Finally, the ineffective flow areas 
of the cross sections were entered. This option allows the user to defme areas 
of the cross section that will contain water but the water is not flowing in the 
downstream direction. This option is typically used at cro~s sections in the 
vicinity of a culvert or bridge. For this example, the ineffective flow option 
was used at river station 20.23 8 (located immediately upstream of the culvert) 
and at river station 20.227 (located immediately downstream of the culvert). 

From the Cross Section Data Editor, select River Station 20.238, Options, 
and then Ineffective Flow Areas . This will display the Ineffective Flow 
Editor shown in Figure 3.3. River station 20.238 was surveyed at a location 
5 feet upstream from the culvert. Typically, the stationing of the ineffective 
flow are&s'are -set\)h~a--1.1 ratio-to the· distance-from the opening. When the 
culvert data are entered, the centerline stations of the two culverts wil1 be 996 
and 1004 feet a.nd .each culvert will be 6 feet in diameter. Therefore, the left 
edge of the openiryg is at station 993\and the right edge is at station 1007. 
Using the .1: I ratio, the.l.eft ineffective flow station was set to be equal to 5 

' • llr..•• i l• , I 

feet left ofthe left opening. Similarly, the right ineffective flow station was 
set to be equal to 5 feet right of the right side of the openings. These values 
were entered as 988, and 10 12 feet for the left and right stations, respectively. 
Finally, the eleva~on ofthe ineffective flow ar~a was set to be equal to 33.7 
feet, a.yalue slightly lower than the high cord on the upstream side of the 
roadway. Similarly, ineffective flow areas were set .at cross section 20.227 at 
stations of991 and 1009 (since this cross section was only 2 feet downstream 
of the culvert outlet) and at an elevation of.33 .. 3 f~et. The location of these 
ineffective flow areas will be discussed furth~r during the analysis of the 
output. Typically. the,.cuiv-ert.informa~ion may be entered first and then the 
modeler can enter the. location of the ineffecti've flow areas more readily with 
the location ofthe culverts known. 

Cross Section Placement 
. , .. , . ' 

From the ·Geometric Data Editor, select Tables and then Reach Lengths. 
This will display the table shown in Figure 3 .4. Figure 3.4 displays the initial 
placement of the cross sections as obtained fi:om -the field data available for 
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the analysis. (The figure does not show the inclusion of river station 20.208* 
which will be added subsequently.) 

Figure 3.3 Ineffective Flow Editor at River Station 20.238 

Figure 3.4 Reach Lengths Table For Spring Creek 

The 'placement ofthe cross sections relative to the location ofthe culvert is 
crucial for accurate prediction of expansion and contraction losses. The 
culvert routine (as does the bridge routine) utilizes four cross sections 
specific·ally located on both sides ofthe structure to determine the energy 
losses through the culvert. (Additionally the program will interpret two cross 
sections inside of the culvert by superimposing the culvert and roadway data 
onto both the immediate downstrea·m and immediate upstream cross sections 
from the culvert.) The following is a brief summary for determining the 
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locations of the four cross sections. This procedure is identical to the 
procedure used for determining the cross section locations for a bridge 
analysis. The modeler should review the discussion in Chapter 6 of the 
User's Manual and Chapter 6 of the Hydraulic Reference Manual for 
further discussion. 

First Cross Section. Ideally, the first cross section should be located 
sufficiently downstream from the culvert so that the flow is not affected by 
the structure (i.e., the flow has fully expanded). This distance, referred to as 
the expansion length (Le), should be determined by: field investigation during 
high flows; the procedure outlined in a recent study by the USACE [HEC-
1995]; or other acceptable procedure. For this example, the criteria 
developed by USACE [HEC-1995] research document was utilized to 
determine the expansion reach length. To utilize this method, an initial length 
was estimated from values obtained in tables that are presented in the 
document and provided in Appendix B of the Hydraulic Reference Manual. 
Then, after the flow analysis was completed, the location was evaluated based 
on equations developed from the research . (This evaluation will be discussed 
near the end of this example.) \ 

First, the following criteria were required to determine the location of the first 
cross section: 

tloi!Ilc 0.1/0.04 
biB 14/145 
s (0.20/200)*5280 

.. Lo.bs ... [(993-925)+(1 070-1 007)]/2 
- ...... . -· - -~--..:....!-.!..2.!'_'.- ...... ~. --- - ~--·---- ----·---------·-- . ·- - -

2.5 
0.10 
5.28 ftlmile 
70ft 

where: nob Manning's n value for the overbank at cross section 

nc. 

. b ...... 
B 
s 
Lobs 

= 

-\ p 

. r. 

20.251 ... ,,. 
\- Manning's n val.ue for the main channel at cross 

section 20.251 . · 
culvert opening ,WiQ,t:h lt ,Sm). . 
total floodplain width, ft (m) 
slope, ftlmile 
average length of the .~!:d.e , ~bstruction, ft 

Substitution of the field data yields the results as shpwn above. With these 
values, the expansion ratio (ER) was determined to range from 0.8 to 2.0 
from Table B-1 in, Appendix. B of the Hydraulic Reference Manual.· The 
expansion ratio (ER), is the length of expansion (Le) divided by the average 
length of obstruction (Lobs)· For this example, an average value of 1.4 was 
initially used for the expansion ratio. Therefore, the e~pansion reach length 
will be the expansion ratio times the average length of obstruction: · 

(ER) (Lobs) { 1.4) (70) 100ft 

From the initial values of the cross section locations, the expansion reach 
length is the distance from cross section 20 .2~~ to 20.1 89. This distance is 
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initially set at 200 feet. From the above analysis, it was determined that the 
distance should be approximately I 00 feet. Therefore, an additional cross 
section was placed 100 feet downstr~am from cross section 20.227. 

To produce this cross sectio'n, field d~ta should be utilized. If this data is not 
available, then the program has the dbility to interpolate a cross section. 
From the Geometric Data Editor, Tools, XS Interpolation, and then 
Between 2 XS's were selected. "Culvrt Reach" was selected as the river 
reach (the only reach in this example) and river station 20.227 was entered as 
the upper river station (this will default to river station 20. I 89 as being the 
lower river station). The maximum distance between the interpolated cross 
sections was set to be 1 00 feet and then the interpolation was performed. 
This resulted in the display shown in Figure 3.5. For additional information 
on cross section interpolation, refer to Chapter 4 of the Hydraulic Reference 
Manual and Chapter 6 of the User's Manual. The interpolation window was 
closed and the river schematic displayed the new interpolated cross section at 
river station 20.208* (as shown in Figure 3 •. .1). -The number 20.208 was the 
default setting since the distance chosen (1 00 ft) was equal to one half the 
previous reach length (200 ft) . \ 

·--·-·~ -· -····-M __ _ .. ' 
Figure 3.5 Cross Section Interpolation 
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After interpolating the new river station, from the Geometric Data Editor 
Tables and then Reach Lengths were selected. This resulted in the table 
shown in Figure 3.4 except that the interpolated cross-section 20.208* 
appeared and the distances from cross section 20.227 to 20.208* were 100 
feet and from 20.208* to 20.1 89 were also 100 feet for the LOB, channel, and 
ROB. The program now considered cross section 20.208* as being the 
location of the fully expanded cross section. 

Second Cross Section. The second cross section used by the program to 
analyze the energy losses through the culvert is located within a few feet 
downstream of the structure. This section should be close to the culvert 
(within a few feet) and reflect the effective flow area on the downstream side 
of the culvert. Therefore, any ineffective flow areas outside of the flow 
expanding out of the culvert, should not be used for conveyance calculations. 
For this example, cross section 20.227 was located two feet downstream from 
the culvert. The ineffective flow areas were developed prev iously using this 
distance. Finally, after the culvert and roadway geometry were entered, the 
program superimposed the geometry onto this cross section to develop a cross 
section inside the culvert at the downstream end. 

Third Cross Section. The third cross section is located within a few feet 
upstream from the culvert and should reflect the length required for the abrupt 
acceleration and contraction of the flow that occurs in the immediate area of 
the opening. Similar to the second cross section, this cross section should 
also block the ineffective flow areas on the upstream side of the culvert. For 
this example, cross section 20.238 was located five feet upstream of the 
culvert. Similar to the second cross section, the program will superimpose 
the cuivert-gemnetryimto the'tlrird-c:ross sectron-ro-develop a cross section 
inside the culvert at the upstream end. 

Fourth C r@ss Se~!i~n,. The fourth .cr.oss section -is located upstream from the 
culvert where the flow lines are parallel and the cross section exhibits fully 
effective flow. The distance betw.een the third and fourth cross section, 
referred to as the-contraction reach length, can be determined by: 1) field 
investigation. during ;high flows·, 2) the procedure outlined in a recent study by 
the USACE [HEC-1995];, or 3) other acceptable procedure. For this 
example, the criteria developed by USACE [HEC- 1995] research document 
was utilized .1o .qete~ine the contraction reach length. To utilize this method, 
an initial length was estirriated from values obtained in Table B.2 in Appendix 
B of the Hydraulic Refer.ence .Manual. Tq use this method, the following 
criteria were necessary: 

. •' 

~ I • • ' ' . .. , ' 

.. O.ll0.04 . 
0.20/200* 5280 

= 2.5 
5.28 ftlmile 

where the variables. are as described previously. Substitution of the values 
yields the results &S shovrn above .. With these values, the contraction.ratio 
(CR) was determined to range from 0.8 to 1.5 from Table B-2. The 
contraction ratio is the length of contraction (Lc) divided by the average 
length of obstruction. For this example, an aven~ge value of 1.15 was used 
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for the contraction ratio. Therefore,, the contraction reach length will be the 
contraction ratio times the average length of obstruction : 

(CR) (Lobs) (1..15)(70) 80ft 

From the initial values of the cross section locations, the contraction reach 
length is the distance from cross section 20.251 to 20.238. This distance was 
initially set at 70 feet. From the above analysis, it was determined that the 
distance should be approximately 80 feet. Because these values are so close 
together, the initial value of 70 feet will be maintained. Finally, after the flow 
analysis was performed, the location ofthis cross section was evaluated and 
will be discussed near the end of this example. 

Culvert Data · 

From the Geometric Data Editor, the Bridge/Culvert icon was selected. 
This activated the Bridge Culvert Data Editor. To enter the culvert data, 
Options and then Add a Bridge and/or Culvert were first selected. The 
location for the culvert was entered as 10.237. Then, the bounding river 
stations (20.227 and 20.238) appeared on the Bridge Culvert Data Editor. 
Next, the deck/roadway data and then the culvert geometric data were 
entered. Each ofthese are discussed in the following sections. 

Deck/Roadway Data. To enter the data for the deck/roadway, the 
Deck/Roadway icon on the left side of the Bridge Culvert Data Editor 
was selected. This activated the Deck/Roadway Data Editor as shown in 
Figure 3 .6. Along the top row of the deck/roadway data editor, the user must 
first enter the distance from the upstream side of the deck/roadway to the 

, cross section that is placed iinmedidtely upstream of the culvert (cross section 
' 20.23 8 for this example). This distance was set at I 0 feet. The next field is 
the width of the roadway . For this example, this distance was 40 feet. The 
program will then add the I 0 feet and the 40 feet to obtain 50 feet as the 

. distance from cross section 20.238 to the downstream end of the 
deck/roadway. From the cross section geometric data, the distance from cross 
section 20.238 to 20.227 was 57 feet. This allowed for 7 feet of distance 
from the downstream side ofdecklroadway to cross section 20.227. 

The final field along the top row is the weir coefficient. This coefficient is 
used when the flow overtops the roadway and weir flow occurs. For this 
example, a value of2.6 was selected as the weir coefficient for the roadway. 
This value may be changed to a·ccount fdr the shape of the roadway and the 
degree of obstructions along the edge of the roadway. Additional information 
on weir flow is presented in ·Chapter 6 of the Hydraulics Reference Manual. 
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Figure 3.6 Deck/Roadway Data Editor 

The central portion of the editor consists of fields to enter the stations and 
elevations of the deck/roadway. The values for this example are as shown in 
the figure. If the upstream and downstream decking is identical, then the user 
needs to only enter the upstream information and then select Copy Up to 

\ Down. (Note: For culverts, only the high cord information is required . The 
progtrafu-.~will automatically block out the area between the high cord and the 
ground. · For a bridge analysis, the low cord information is required to define 
the bridge opening. For a culvert analysis, the culvert data will define the 
openings below the high cord for the !ocations <;>~the culverts.) 

The next two fields are the US and DS Embankment Side Slopes. These 
values were entered as 2 (horizontal to 1 vertical). For a culvert analysis, 
these values are only used for the profile plot. 

The bottom of the editor consists of three additional fields. The first field is 
the Maximum Allowable submergence ratio. This is the ratio of 
downstream flow depth to upstream energy, as measured from the minimum 
high cord ·ofi he deck. When this ratio is exceeded for a bridge analysis, the 
program will switch from the weir flow equation to the energy method to 
determine the upstream flow depth. For a culvert analysis, this ratio is not 
used because the program cannot perform a backwater analysis through a 
culvert flowing full. Therefore, the weir analysis method will always be used 
when overflow occurs. 
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The second field is the Miniinum Weir Flow Elevation. This is the 
elevation that the program uses to determine when weir flow will begin . If 
this field is left blank, the program will use the lowest value of the high cord 
on the upstream side of the deck . Alternatively, the user can enter a value for 
the program to start checking for the possibility of weir flow. For this 
example, an elevation of 33.7 feet was used. This is the elevation of the 
roadway above the culvert openings on the upstream side of the culvert. 
(Note: This is also the minimum elevation of the high cord and therefore, this 
field could have been left blank.) 

Finally, the last field requires the selection of the weir crest shape: broad 
crested or ogee shaped. This selection is used for the type for submergence 
correction. For this example, a broad crested weir shape submergence 
correction was used. With all of the data enterep~ the OK button was selected 
to exit the Deck/Roadway Data Editor. · ' 

Culvert Geometric Data . To enter the culvert geometric data, from the 
Bridge Culvert Data Editor, the Culvert icon was selected. This activated 
the Culvert Data Editor as shown in Figure 3.7. Each of the fields for the 
editor are described in the following sections. 

Culvert ID- By default, the identifier for the first culvert will be set to 
"Culvert# 1." A culvert type is defined by the shape, diameter (or rise and 
span), chart number, scale, length, n value, loss coefficients, upstream invert, 
and downstream invert. If all of these parameters are the same for each 
culvert, then the modeler will only have one culvert type. Then the modeler 
can enter up to 25 identical barrels for this culvert type, with each barrel 
occurring at a different location (defined by the upstream centerline and 
downstream centerlin,e). If any ofthe culvert p,arameters change, then the 
modeler must define each culvert that is different as a separate type (to a 
maximum of 10 culvert types at the same river station), with each type 
containing up to 25 identical barrels. For this example, the culvert consisted 
of only 1 culvert type (since all of the parameters were the same for each 
barrel) but it contained two identical barrels (with each placed at separate 
upstream and downstream centerline locations). 

Solution Criteria- The user has the option to select to use the result for inlet 
control or outlet contror as the final answer for the upstream energy grade line 
value. TJ:le def~ult method is to use the highest of the two values, as was 
selected for this example. 

Shape- The culvert shape is chosen from the eight available shapes: circular, 
box, elliptical , arch, pipe arch, semi-circle, low arch, or high arch. For this 
example, the culvert barrels were circular sh'ape1

: To select the shape, press 
the down arrow on the side of the shape field and highlight the desired shape. 
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Figure 3.7 Culvert Data Editor 

Diameter, Rise, or Rise and Span- Depending on the shape of the culvert, the 
modeler mustenterthe-insi·de-d-imensions-ofthe-culvert. -For a circular pipe, 
only the diameter is required. For other shapes, the rise is defined as the 
inside vertical measurement and the span is the inside horizontal 
measurement. (Note: For box culverts with chamfered corners, refer to the 
discussion in ·C::hapter-.Q.of_the,.HydraulicReference Manual. ) For this 
example, the circul~r c;_ulvert was set to have a diameter of 6 feet. 

Chart# - Each cu lvert type and shape is defined by a Federal Highway 
Administration Chart Number. Depress the down arrow next to this field to 
select the appropriate chart number. Once a culvert shape has been selected, 
only the corresponding chart numbers available for that culvert shape will 
appear in the selections. Descriptions for the chart numbers appear in 
Chapter 6 in the Hydraulic Reference Manual. For this example, the 
culvert chart was selected as 11 I - Concrete Pipe Culvert. 11 

Scale- This field is used to select the Federal Highway Administration scale 
that corresponds to the selected chart number and culvert inlet shape. Only 
the scale numbers which are available for the selected chart number will 
appear for selection. Descriptions for the scale numbers appear in Chapter 6 
in the Hydraulic Reference Manual. The scale for this example was "1 -
Square edge entrance with head wall. 11 
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Distance to Upstream XS - This is the distance from the inlet of the culvert to 
the upstream cross section (20.23 8). For this example, this was a distance of 
5 feet. On the Deck/Roadway Data Editor, a meas_],lre of 10 feet was 
entered for the distance from the upstream side of the deck/roadway to the 
upstream cross section. Therefore, the culvert entrance is located midway 
between the upstream side of the roadway and cross section 20.238. 
Length- This field is the measure of the culvert (in feet or meters) along the 
centerline of the barrel. The length ofthe culvert for this example was 50 
feet. The program will add this 50 feet to the 5 foot distance from cross 
section 20.238 (to the culvert entrance) and obtain 55 feet. The reach length 
from cross section 20.238 to 20 .227 is 57 feet, which leaves 2 feet from the 
exit of the culvert to the downstream cross section. 

Entrance Loss Coefficient- The value of the entrance loss coefficient will be 
multiplied by the velocity head at the inside upstream end of the culvert to 
obtain the energy loss as the flow enters the culvert. Typical values for the 
entrance loss coefficient can be obtained from Tables 6.3 and 6.4 in the 
Hydraulic Reference Manual. The entrance loss coefficient for the concrete 
pipe in this example was set at 0.5. 

Exit Loss Coefficient- To determine the amount of energy lost by the water as 
it exits the culvert, the exit loss coefficient will be multiplied by the 
difference of the velocity heads from just inside the culvert at the downstream 
end to the cross section located immediately downstream of the culvert exit. 
In general, for a sudden expansion, the exit loss coefficient should be set 
equal to I. However, this value may range from 0.3 to 1.0. For this example, 
the exit loss coefficient was set to be equal to 1.0. 

I ' - ., ~ '-•.' 

Manning 's n for Top - This field is used to enter the Manning's n value of the 
top and sides of the culvert lining and is used to determine the friction losses 
through the culvert barrel. Suggested n values for culvert linings are 
available in many textbooks and also may be obtained from Table 6.1 in the 
Hydraulic Reference Manual. Roughness coefficients should be adjusted 
according to individual judgment of the culvert condition. For this example, 
a Manning's n value of0.013 was used for the concrete culvert. 

Manning's n Value for Bottom- This field is used to enter the Manning's n 
value of the bottom of the culvert. For most culverts, this field will be the 
same as the Manning's n value for the top. However, if the culvert has a 
natural bottom, or something has been placed in the bottom for fish passage, 
the n value may vary. 

Depth to use Bottom n- This field is used to enter a depth inside of the 
culvert that the bottom n value is applied to. If the bottom and top n value are 
the same, a value of zero should be entered. 

Depth Blocked- This field is used to fill in a portion of the culvert. The user 
enters a depth, and everything below that depth is blocked out. 
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Upstream and Downstream Invert Elevation - These two fields are used to 
enter the elevations of the inverts. For a particular culvert type, all of the 
identical barrels win have the same upstream invert elevation and 
downstream invert elevation. For this example, the upstream invert was set at 
an elevation of25 .1 feet and the downstream invert was 25.0 feet. 

Centerline Stations- This table is used to enter the stationing (X-coordinates) 
of the centerline of the culvert barrels. The upstream centerline is based upon 
the X-coordinates of the upstream cross section (20.238) and the downstream 
centerline is based upon the X-coordinates of the downstream cross section 
(20.227). This example employs two culvert barrels, with the centerline of 
the barrels occurring at stations 996 and 1 004 feet, as measured on both cross 
sections. For this example, the X-coordinate geometry of both cross section 
20.238 and cross section 20.227 are referenced from the same left station 
starting point. Therefore, the upstream and downstream centerline stations 
are the same value and this will align the culvert in the correct configuration 
as being parallel to the channel. The modeler must be cautious to ensure that 
the centerline stationing of the culvert ends align the culvert in the correct 
position. 

#Identical barrels- This field will automatically display the number of 
barrels entered by the user (determined by the number of centerline stations 
entered). Up to 25 identical barrels can be entered for each culvert type, and 
this example consisted of2 identical barrels. 

This completed the necessary geometric data for the analysis . The OK button 
at the bottom of the Culvert Data Editor was selected and this displayed the 
culvert as showtfirrF'igure 3.8. The- geometry data editors were then closed 
and the geometry was saved as "Multiple Pipe Geometry." . 

•. ' ' I ~ ' 
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To perform the steady flow analysis through the culvert, the user must enter 
the flow data and boundary conditions for each flow profile. Each of these 
components is discussed below. 

Flow Data 

To enter the flow data, from the main program window Edit and then Steady 
Flow Data were selected. This activated the Steady Flow Data E ditor as 
shown in Figure 3.9. For this example, 3 flow profiles were computed. A 
value of "3" was entered as the number of profiles and the central table of the 
editor established three columns for the flow profiles. The flow values were 
then entered at the upstream river station (20.535) as the values of250, 400, 
and 600 cfs . Additionally, the profile names were changed to be "5 yr," "10 
yr," and "25 yr. " 

Figure 3.9 Steady Flow Data Editor 

Boundary Conditions 

To enter the boundary conditions the Boundary Conditions icon at the top of 
the Steady Flow Data Editor was selected. This activated the Boundary 
Conditions Editor as shown in Figure 3.10. This flow analysis was 
performed in the subcritical flow regime. Therefore, a boundary condition 
was established at the downstream end of the reach for each flow profile. For 
a detailed discussion on the boundary conditions, the modeler is referred to 
Chapter 7 of the User's Manual and Chapter 3 of the Hydraulic Reference 

- Mantial. From the Boundary Conditions Data Ed itor, the boundary 
conditions-were entered by first selecting the ·Down Stream field and then 
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Known W. S. This activated the known water surface boundary condition 
window as shown in Figure 3 .11 . 

r . 

Figure 3.10 Boundary Conditions Data Editor 

As shown in Figure 3 .II, a known water surface elevation was then entered 
for each of the flow profiles that were computed. For this example, the 
known water surface elevations of29.8, 31.2, and 31.9 were entered for the 
flows of250, 400, and 600 cfs, respectively. Once the data were entered, the 
OK button was selected to exit this window. This completed the necessary 
steady flow data for the analysis and the data were saved as "Multiple Pipe 
Flow Data." 
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To perform the steady flow analysis, from the main program window Run 
and then Steady Flqw Analysis were selected. This activated the Steady 
Flow Analysis Window as shown in Figure 3.12. A short ID was entered as 
"Base Plan" and a subcritical flow analysi~ was selected in the lower left 
comer. of the editor. From the Options menu, the Set Output Options was 
selected and then an "x" was placed next to Critical Always Calculated. 
This will cause the program to always calculate critical depth at every cross 
section. This will add computational time to larger analyses; however, this 
will enable the user to view the critical flow depth along the river reach. 

Additionally, from' tl:ie Options menu, ensure that there is a "T" adjacent to 
the option Check data before execution. With this option, the program will 
check to ensure that all pertinent information is present before the analysis is 
performed. It cannot determine the accuracy of the data. (Note: If there is a 
check mark next to this option, a selection of this option will remove the 
check mark.) Finally, the geometry file "Multiple Pipe Geometry" and the 
steady flow file "Multiple Pipe Flow Data" were saved as the plan "Spring 
Creek Culverts", with a shirt ID of"Base Plan." Then, the COMPUTE 
button was selected to perform the steady flow analysis. 

Figure 3.12 Steady Flow Analysis Window 

;:• ...... 
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Output Analysis 

For the analysis of the output, the modeler has various options to review the 
data. For this analysis, evaluations were performed for the expansion and 
contraction reach lengths and the channel contraction and expansion 
coefficients. Then, the water surface profiles were reviewed. 

Expa'fision-and Contraction-Re·ach-Length Evaluation 

Initially the reach lengths were determined using table values obtained from 
the U.S. Army Corps of Engineers' research document [HEC-1995] and the 
cross sections 20.208* and 20.251 were located based on these in itial values . 

.. ;.J 

The table values provided a range and the average values were initially used. 
With the program output, the equations ·developed ·in the document were 
utilized to evaluate the locations (and reach lengths) that were selected. The 
modeler should be aware that the regression equations were developed based 
on low flow conditions for bridges and the equations may not be practical for 
analyses of flow through culverts. 

Expansion Reach Length. Cross section 20.208* was the interpolated 
section that was assumed to be at the loc.ation where the flow became fully 
expanded. To evaluate the location ofthis cross section, the relationship 
shown as Equation 3-1 was used. Equation 3-1 is applicable when the width 
of the floodplain and the discharge is less than those of the regression data. 
The equation is: 

ER = _!. = 0.421 + 0.485 ( F20
·
227 J + 0.000018 Q 

L obs F20.208* 

(3-1) 

where: ER expansion ratio 
expansion reach length, ft 
average length of side obstruction, ft Lobs 

F 2o.221 main channel Froude number at the cross section 
immediately downstream of the culvert (cross section 

--·- ·--- ____ ,._ 20.2---27-fcr·-this-e-X:amp-le-)- ·· 
· · · ·····-F2o.2os~ = .:_ .. . ~ --main-channel Froude num ber at the cross section of 

fully expanded flow (cross section 20.208* for this 
example) 

Q total discharge, ff Is 

(Note: The subscripts used in Equation 3-1 and-all subsequent equations 
reflect the river station numbering for this example.) From the analysis, the 
Froude numbers at cross sections 20.227 and 20.208*, for the flow of 600 cfs, 
are 0.32 and 0.14, respectively. Substituting these values into Equation 3-1 
yields an expansion ratio of 1.51. This value falls within the range of 0.8-
2.0 as determined previously from the table values. With this new expansion 
ratio, the expansion reach length is: 

3-19 



Example 3 Single Culvert (Multiple Identical Ba~rels) 

3-20 

(ER) (Lobs) (1.51)(70) 106ft 

Additionally, the expansion ratio has a standard error of 0.26 . Using the 
range ofthe ER from 1.25 (= 1.51- 0.26) to 1.77 (= 1.51 + 0.26) yields an Le 
range from 88 to 124 feet to define the 68% confidence band for Equation 3-
1. The actual distance from cross section 20.227 to cross-section 20.208* 
was set at 1 00 feet. Therefore, the existing expansion reach length seems 
appropriate. If the existing length had been significantly outside of the range 
of the calculated expansion reach length, then a second iteration for the 
placement of the fully expanded cross section and an additional analysis may 
be warranted. As a final check, the expansion ratio should not exceed 4: 1 and 
should not be less than 0.5: 1. 

Contraction Reach Length. Cross section 20.251 is located where the flow 
lines are parallel to the main channel. To evaluate this location, Equation 3-2 
from the research document [HEC- I 995] was utilized. This equation is used 
when the floodplain scale and dischargers are significantly different than 
those used in the regression analysis and is: 

CR = 1.4- 0.333( F20.227 J + 1.86(QobJ2 - 0.19(nobJo.s 
F2o.2os• Q nc 

where: CR contraction ratio 
Lc contraction reach length 
Qob = discharge conveyed by the two overbanks at cross 

section 20.251, cfs 
·~-'-~-~J ___ tota! -discna.rge, cfs · 

(3-2) 

nob Manning's n value of the overbanks at cross section 
20.251 

= 

, '!" 

Manning's n value for the main channel at cross 
section 20.251 

From the analysis of the 600 cfs profile, the flow in the two overbanks at 
cross section 20.251 is 69.33 cfs and the Manning's n values for the 
overbanks and main channel at cross section 20.251 are 0.10 and 0.04, 
respectively . Substituting these values into Equation 3-2 yields a contraction 
ratio of 0.39. The standard error for this equation is 0.19 which yields a range 
of the CR from 0.20 to 0.5 8. from the result;S.cited in the research document, 
a minimum contraction ratio is 0.3:1 and a maximum ratio is 2.5:1. The 
calculated average value of 0.39 is very close to the minimum value. If this 
value is used, the contraction reach length would be: 

= (CR) (Lobs) . (0.39) (70) 27 feet 
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This is the median value for the range of 14 to 41 feet (using CR = 0.20 and 
0.58, respectively). The actual distance used for the contraction reach length 
(the length from river station 20.251 to river station 20.238) was 70 feet. For 
this example, the contraction reach length was maintained at the 70 feet 
value. However, an additional analysis was performed with the 27 feet 
contraction reach length and no appreciable difference in the water surface 
was observed to reflect the necessity for the change of the contraction reach 
length to 17 feet. 

Channel co·ntraction and. Expansion Coefficients 

The coefficients of contraction (Cc) and expansion (Ce) are used to determine 
the energy losses associated with the changes in channel geometry. Initially, 
in the vicinity of the culvert, the coefficients were set at 0.3 and 0.5 for the 
contraction and expansion, respectively. Each of these values will be 
evaluated. 

.I . ·- .... 

Expansion CoeffiCient. The expansion coefficient can be obtained from 
Equation 3-3: 

where: Ce 
Dob 

C. = - 0.09 + 0.570(Dob J + 0.075( F20
·
227 J 

DC F20.208' 

(3 -3) 

= 

= 

coefficient of expansion 
hydraulic depth (flow area divided by the top width) 
for the overbank at cross section 20.208* 
hydraulic depth for the main channel at cross section 
20.208'* 

From the analysis of the 600 cfs profile, the hydraulic depths for the 
overbanks and the main channe l are 0.58 and 5.66 feet, respectively. 
Substitution of the values into Equation 3-3 yielded an expansion coefficient 
of 0.14. This is the median value and the range of ± 0.2 defines the 95% 
confidence band for Equation 3-3. For this example, a value of 0.5 was used. 
The value ofthe expansion coefficient is generally larger than the value used 
for the contraction coefficient so the value of 0.5 will remain as the selected 
value. The regression equation (3-3) was developed for bridges with 
overbank areas larger than the current example. Therefore, the data for this 
current example may not be within the range of data used to develop the 
regression equation. The modeler can perform a sensitivity of this 
coefficient by changing this _coefficient and performing subsequent analyses. 
For this example, a value of 0.3 was used during a subsequent analysis and no 
appreciable difference was observed in the resulting water surface. 

I 

- ·! ,~--:;- -;--, ;."':;-:--.: 
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Contraction Coefficient. From the research document [HEC- 1995], the 
contraction coefficient is obtained by first determining the relationship: 

biB 

where: b 
B 

14/1 45 

culvert opening width, ft (m) 
total floodplain width, ft (m) 

0.10 

From Table B-3 of Appendix B in the Hydraulic Reference Manual, the 
recommended contraction coefficient range is 0.3- 0.5. The value selected 
for this example was the minimum value of 0.3, which reflects a value in 
between a typical contraction and an abrupt contraction. 

Water Surface Profi les 

From the main program window, select View and then Water Surface 
Profiles. This will result in the display shown in Figure 3.13. In the figure, 
the water surface elevations and the energy gradelines are shown fo r all three 
flow profiles (the variables can be selected from the Options menu) . As can 
be seen in the figure, the first flow of250 cfs was ab le to travel through the 
culvert without submerging the entrance. The second flow ( 400 cfs) caused 
the headwater and tai lwater to submerge the entrance and exit of the culvert, 
respectively . Finally, the third flow (600 cfs) caused an overtopp ing of the 
roadway, which yielded weir flow. 

Twin Circu lar Pipe - Ex.ample 3 Plan: Spring Creek Culverts 
Geom: Multiple Pipe Geom~ry Flow: Multiple Pipe Flo~ Data 
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Figure 3.13 Water Surface Profiles For Spring Creek Culverts 
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To investigate the first flow profile, from the main window select View, 
Cross Section Table, Type, and then Culvert. Select the river reach of 
"Culvrt Reach," river station 20.237, profile I, and culvert # 1. This will 
display the table shown in Figure 3.14. The left column of the table shows a 
total flow rate of 250 cfs through the culvert. Since the culvert has two 
identical barrels, this yields a flow of 125 cfs through each barrel. The table 
also shows that the normal depth (3 .56ft) was greater than the critical depth 
(3.02 ft) , which corresponds to subcritical flow occurring through the culvert. 
At the bottom of the left column, the data shows that the culvert did not flow 
full for any length of the culvert. Additional values such as the velocity in the 
culvert at the upstream and downstream ends are displayed . 

I 
- ! 

33.71 

Errors. Warnings and Notes 

Figure 3.14 Culvert Table For Flow=250 cfs 

To determine the control of flow through the culvert (i.e., inlet or outlet), the 
values of the upstream energy grade line necessary for inlet control (E.G. I C) 
and outlet control (E.G. OC) are shown in the left column of Figure 3 .14 . For 
the specified flow of250 cfs, the upstream energy grade line for inlet control 
was 29.50 feet and the upstream energy grade line for outlet control was 
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30.57 feet. The program will select the higher of these two values to 
determine which type of control will occur (since "Highest Upstream EG" 
was selected on the Culvert Data Editor). For this example, outlet control 
occurred and the energy gradeline used by the program is listed as the energy 
grade line upstream of 30.57 feet. Finally, by using the values in Figure 3.14 
and following the decision flow chart shown as Figure 6.9 in the Hydraulic 
Reference Manual, the modeler can determine the procedure used by the 
program to determine the water surface profile. For this flow of250 cfs, the 
program used the Direct Step Method to calculate the water surface profile. 

For an analysis of the second flow (400 cfs), a similar procedure can be 
followed. For this example, the second flow resulted in full flow along the 
entire length of the barrels ofthe culvert. The upstream water surface profile 
was determined by using the FHWA full flow equations. 

For the third flow (600 cfs), the inlet and outlet were submerged and weir 
flow occurred over the roadway. Select the Culvert type Cross Section 
Table (as performed for Figure 3 .14) and select the thi rd flow profi I e. This 
will display the table shown in Figure 3.15. For this profile, the flow through 
the culvert was 526.53 cfs, 263.27 cfs through each identical barrel. The 
energy grade line upstream was calculated to be 34.34 feet, which 
corresponds to the outlet control energy grade line as shown. 

The weir flow at river station 20.237 resulted with a value of600- 526.53 = 

73.47 cfs. This occurred from an X-coordinate of945.30 to 1048.66, a 
distance of 103.36 feet. The main channel bank stations for cross sections 
20 .227 and 20.238 are at 972 and 1027. Therefore, the weir flow from 945.3 

99' b ' . , h'_lli/(,j'..l.. '; l '/'1'' I • h h fl . h T- OB . . 20 227 d ·· --·io z --srromu ua atJC'e-Wlt · t e ow m t ·e 'G · ·at nver·statmns . an 
20.238. Additionally, the weir flow from 1027 to I 048.66 should balance 
with the flow inJ he ROB at river stations .20.227 and 20.238. 

At riv((~ . ~,tation 2~:23 z, th~ arry,ot;~~t of weir flow from 9,4,5,.,3 to 972 can. be 
approximated as : the speci.fic length .of weir divided by the total weir length 
times the weir flow. , This was calculated as: 

= 18.98 cfs 

Similarly, the amount ofweir flow from 1027 to 1048.66 is approximately 
15.4 cfs. Therefore, at river stations 20.227 and 20.23 8, the flow in the LOB 
should be approximately 18.98 cfs and the flow in the ROB should be 
approximately 15.4 cfs. 

To determine the amount of flow in the overbanks at cross section 20.227, 
from the Cross Section Table window, select Type and then Cross Section . 
Toggle to river station 20.227 for the third flow profile. The values for the 
flow in the LOB and ROB are zero at this cross section. By toggling to river 
station 20.238, it was observed that the flows in the LOB and ROB were 36.2 
and 34.31 cfs, respectively. Therefore, these flow values in the LOB and 
ROB for both river stations need to be adjusted to balance with the amount of 
weir flow . 
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Examo/e 3 Single Culvert (.Multio/e !dentjcal Barrel~) 

~CulvertOutput .~·~~ 

Eile Iype Qptions t:!elp 

River: jspring Creek 

Reach j Culvrt Reach 

Plan· Base Plan S rin Creek Culvrt Reach AS· 20 237 Culv Grou · Culvert # 1 Profile· 25 r 
-Q Culv Group [cfs) 525.93 Culv Full Len [ft) 50.00 ............................................................... 

#Barrels 2 Culv Vel US [ftlsl 9.30 
- -

Culv·Vel DS [ft/s) 
- . 

Q Barrel [cfs) 262.97 9.30 -
E.G. US. [ft) .... · 34.34 Culv inv El Up [ftl 25.10 
W.S. US. [ft) 

· .. 
34.32 C~:Jiv lnv El Dn [ft) 25.00 

E.G. DS [ft) '"' 32.19 ' Culv Frctnb [ftl 0.19 
1 ~w. s . DS' fftl • ·t;;j- . . 32.13 Culv Exih pss•[ft) 1.29 
!• Qelta EG [ft) ~. 2.15 c·ulv Entr Loss· [ftft=' 0.67 

' -Delta WS (ft) ,,,,. 
2.19 Q Weir (cfs) 74.07 

.I 

• 

-
E.G. IC[ft) j . 33.59 Weir Sta Lft [ft) ·. 945.14 
E.G. DC [It) ~· . 34.34 Weir Sta F.l gt [ftl 1048.74 

Culvert Control Outlet Veit sci6_n:lerg .': O.OO t -
Weir Max Depth·[ft) Culv WS Inlet [ftl 31 .10 0.64 ... -

Culv WS Outlet [ft) 31.00 Weir Avg Depth [ftl 0.41 
Culv Nml Depth [ftl Weir Flow Area [sq ftl 42.47 -
Culv CrfDepth !itl 4.44 tv1in EIWeir Flow [ftl 33.71 
-~-~ - ~-.....,~ ~ ·-·-·- ·- ~ 

Errors, Warnin sand Notes 

~be..P.!._0§1am £_ould not b~l~nce th~_£ulvert/weir flow. Tl}_e __ 
not be valid. 

Figure 3.15 Culvert Table For Flow=600 cfs 

The following discussion is provided as an example procedure that can be 
utilized to balance the weir flow with the overbank flow . The modeler should 
compare the magnitude of the weir flow to the total flow rate to determine if 
the procedure is practical for the specific situation . 

To adjust the LOB and ROB flow values, first the situation at river stat ion 
20.227 was analyzed. Since there vtas not any flow in the overbanks, the 
ineffective flow elevation was lowered from 33 .3 to 32.0. This wi ll a llow for 
the flow coming over the weir to become act ive at this downstream cross 
section . The elevation of32.0 feet was chosen because it is slightly lower 
than the calculated water surface (32 .01 feet) at river station 20.227. (The 
user must be cautious not to lower this e levation to a point where the 
ineffective flow will impact the second flow profile. Each flow profile must 
be analyzed separately.) 

As a second step to balance the weir and overbank flows, at river station 
20 .238 the Manning's n va lues in the overbanks were raised from 0.1 to 0.4. 
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Additionally, at river station 20.227, the Manning's n values for the overbanks 
were decreased from 0.10 to 0.06. Since then value is inversely proportional 
to the flow rate, the increase inn value at river station 20.238 will cause a 
decrease in the flow rate in the overbank areas. Similarly, the decrease in the 
n value at river station 20.227 will cause an increase in the flow rate in the 
overbank areas. 

After these adjustments were made, the geometry file was saved as "Adjusted 
Ineffective + n Values." Then this geometry file and the steady flow data file 
were saved as a plan entitled "Sp. Cr. Culverts- Adj . Weir Flow." The user 
can activate th is plan to review the remaining discussion of the output. 

After the adjusted plan was executed, the weir flow at river station 20.237 
was determined to be 74.14 cfs, as shown in the Culvert Table of Figure 
3.16 . This weir flow occurred from X-coordinates of945.23 to 1048.66, a 
distance of 103.43 feet. As calculated previously, the approximate portion of 
this weir flow that occurred from 945.23 to 972 is: 

(972.00- 945.23) I (I 03.43) * (74.1 4) 19.19 cfs 

Similarly, the portion ofthe weir flow from 1027 to 1048.66 was 
approximately 15.4 cfs. These flow values were then compared to the flow 
values in the LOB and ROB at river stations 20.227 and 20.238 . 

At river station 20.227, the flow in the LOB was 6.83 and the flow in the 
ROB was 5.57 cfs. These values are approximately equal to the portions of 
the weir flow values as determined above. Therefore, these flow rates were 

f!/iijl l f HLC'j llli/t I 11;9,h~ .............J~h 'rfl --I-C.4-h-CI ' ..._t. -·- COTIS1Uerea eJTI0 uc:uau~,;cu Willi L -e-we1 UW. H L ·c uOWS 1TI ute· 

overbanks had been higher than the portions of the weir flow, then the 
Manning's n values .in the .overbanks at river, station 20.227 would have been 
increased until a .balance was achieved. -

. ., I ' ' . ' 
1\, ,.,,. 

At river station 2Q,23.S, .th_e flow in the Jeft and fight overbanks were 9.89 and 
9.37 cfs, respectively. These flow rates were considered to be reasonably in 
balance w,ith the portions of the weir flow. Ir'the flow rates were not in 
balance, then the n values would have been adjusted further until a balance 
was achieved. 

For both river stations 20.227 and 20.238, it should be noted that the flow 
rates dQ not ex!;lctly,match tbe portions of the weir flow as calculated_ above. 
An exact ~atch is ~ot warranted because the weir flow portions were 
approximate and the weir flow that contributes-to the left and right overbank 
is only a minor portion.of the total flow rate. Jf observed high water marks 
were availab,le, the. modeler could.make adjustm~nts to the data to more 
accurately predict the actual water surface eleyations .. .. 

•'· 
, c:l ,, 
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~ Culvert Output ' ' lif[~'j 
[l)e ];y.pe !Qp~ic:ms 

River~ j_s P!lng, l::reeB 

I Reach lculvrt Reach 

Figure 3.16 Culvert Table for Adjust~d n Values and Ineffective Flow Areas 
· ·With Flow= 600 cfs 

For additional detailed analysis of the flow, the modeler should review the 
energy losses associated with the contraction and expansion of the flow in the 
channel and the entrance and exit losses for the culvert to evaluate the 
selected energy loss coefficients. 

Finally; a three dimensional view of the water surface profiles is displayed in 
Figure 3.17. This. was activated fr<pm the. main program window by selecting 
View and then X-Y-Z Perspective Plots. The figure is available to aid the 
user to view the calculated water surface profiles . The water surface image 
represents the hydraulic grade line at the respective cross section locations. 
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\l X-Y-2 Perspective Plot ,. ': · :::;:·~~~1!!11~1' 

File Opti0ns 

Upstream RSi {20.535 ::Jmrn • I I 

Downstream RS: 120.000 3 Rotation Angle 

Azimuth Angle 

Twin Circular Pipe- Example 3 Plan: Sp. Cr. Culverts- Adj . Weir FIR_W 

Geom: Adjusted Ineffective + n Values Flow: Mu~iple Pipe Flow Data ~ 

Figure 3.17 3-D Perspective Plot of Spring Creek Flow Profiles 

Legend 

WSS yr 

WS 10 yr 

WS 25 yr 

Ground . 
Bank sta 

lneff 

Ground 

Summary 
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For this example, a culvert was analyzed with three flows. The culvert was 
composed of two identical circular barrels. During the review of the output, it 
was determined that initially the flow in the left and right overbanks at the 
upstream and downstream cross sections from the culvert did not match the 
weir flow that was occurring. In order to balance the weir flow with the 
overbank flows, the Manning's n values and the ineffective flow areas were 
adjusted at the cross sections that bound the culvert. 

The next example (Example 4) utilizes this data set and adds another culvert 
type to the geometric data. This creates a multiple culvert analysis, each with 
multiple ide~ticalbarre l s. 
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EXAMPLE 4 

Multiple Culverts 

Purpose 

This example is designed to demonstrate the use ofHEC-RAS to analyze the 
flow of water through multiple (non-identical) culverts. The program has the 
capability of analyzing flow through a single type of culvert, multiple 
identical types of cuI verts, and multiple non-identical types of culverts. A 

culvert type defines the characteristics of the culvert, which includes the 
shape, slope, roughness, chart, and scale number. For a given culvert type, 
the program can analyze up to 25 identical barrels. This example analyzed 
two culvert types, each with two identical barrels. 

\ . 
The entering of data and the analysis of these culverts was identical to the 
procedures used for the single culvert type as performed for Example 3. 
Additionally, the data used for Example 3 was modified for this example to 
include a second culvert type. Therefore, Example 4 is presented as a 
continuation of Example 3 and the modeler should review the data and the 
procedures as performed in Example 3 before reviewing Example 4. 

The user is referred to Example 3 for the basic procedures of culvert analyses 
and to Chapter 6 of the Hydraulic Reference Manual for a detailed 
discussion on modeling culverts. To review the procedures performed for 
this example, from the main program window select File and then Open 
Project. Select the project labeled "Multiple Culverts- Example 4." This 
will .open the project and activate the following files : 

Plan: 
Geometry: 
Flow: 

"Spring Creek Multipt~ ~ulverts" 
"Multiple Culvert Geometry" 
"Multiple Culvert Flow Data" 

Geometric Data 

To perform the analysis, the geometric data was entered first. The geometric 
data consists of the river system schematic, the cross section geometry, 
placement of the cross sections, and the culvert information. Each of these 
geometric data components are described in the following sections. 
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River System Schematic 

From the main program window, select Edit and then Geometric Data and 
the river system schematic of Spring Creek will appear as shown in Figure 
4.1. This river reach is defined by ten river stations, with river station 20.535 
as the upstream cross section and river station 20.000 as the downstream 
cross section . The schematic is identical to the river reach as developed 
during Example 3. 

Geometric Data - Multiple Culvert Geometry . ·,;,:_,_.:,j~!illiJ 'If.3: 

View 
' Phzture • 

f 20.535 

/~ 

··-')~~- 20 .422 

5g\ 
::: \ 
_;,o\ Culvrt Reach ~ 

~<? '\....- 20 308 
~ \__ ' 

""'~ ~.251 
"iV'"'-. / 20.208• 

,1"-J -
("'-. 

. \- 20.095 
. \ 20.000 

Figure 4.1 River System Schematic For Spring Creek 
.. :-- -:-.: . ; __ ..),,._~_a_::::-_1 ~-~ ~..:..~ ~----

Cross Section Geometry 

The geometry of the cross sections for this example are identical to the 
geometry of the cross sections for Example 3. The modeler should review 
Example 3 for the stationing, elevations, reach lengths, Manning's n values, 
main channel bank stations, and contraction and expansion coefficients 
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determined for each cross section. (Note: The Manning's n values for the 
LOB and ROB at river stations 20.238 and 20.227 were reset to the original 
value of 0.1.) Finally, the ineffective fi"ow 'areas ·for the cross sections in the 
vicinity ofthe cu lvert were adjusted after the additional culvert information 
was added . · 

Expansion and Contraction Reach Lengths 

The placement of cross sections in reference to the culvert, define the 
expansion and contraction reach lengths. These reach lengths are crucial for 
the accurate prediction of the energy losses through the culvert. The 
determination of the reach lengths was discussed in detail during Example 3. 
During the analysis, it was observed that an additional cross section was 
required to be added to account for the expansion of the flow . This additional 
cross section was added as cross section number 20.208*, with the * 
indicating that the cross section was interpolated using the methods available 
by the program . After the analysis for this example, the expansion and 
contraction reach lengths were again evaluated and will be discussed near the 
end of this example. 1

· 

Culvert Data 

The culvert data consists of entering the deck/roadway data and the culvert 
geometric data. Each of these areas will be discussed as follows. 

Deck/Roadway Data. The deck and roadway.data editor is activated from 
the main program window by selecting Edit, Geometric Data, the 
Bridge/Culvert icon, and then the Deck/Roadway icon . This will display 
the Deck/Roadway Data Editor as shown in Figure 3.6 of Example 3. The 
values for this current example were exactly the same as those entered for 
Example 3. ,,. 

, ··' 

Culvert Geometric Data. To enter the culvert geometric data, from the 
Bridge/Cu lvert Data Editor select the Culvert icon. This will activate the 
Culvert Data Editor and display the data for culvert# I as shown in Figure 
4.2. Culvert # 1 is defined exactly as described for Example 3: a circular 
culvert of diameter 6 feet with two identical barrels and the other parameters 
as shown in Figure 4.2 . In the upper right comer of the editor, the Rename 
button was selected and the new name "Circular" was entered. This will help 
the modeler during the review of the output for this example. 

The output analysis of Example 3 showed that during the flow of 600 cfs, the 
flow overtopped the roadway and created weir flow. For this current 
example, we will consider the possibility that the flow must not overtop the 
roadway and that the modeler desires to install additional culverts to alleviate 
this problem. Alternatively, to reduce the upstream water surface depth, the 
modeler has extensive options available such as increasing the diameter of the 
existing culverts or adding other identical barrels to the culvert. For this 
example, however, the option of installing additional culverts was pursued . 
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Culvert Data Editor :. : ,-.. 

Shape I Circular Diam 

Chart# 

Scale W 11 -Square e(;jge entrance with headwall 

Distance to tJpstrm.XS: . 
Culvert Length: 

' E ntr an~e Lo~s Coeff: 

Exit Loss Coeff: 

Manning's n for Top: 

ManninfjJ's n for B~Dttom: 

Depth to use 'Bottom n: 

Depth 8 locRed: 

: IS elect sulver~ to e(;jit 

j5 Upstream Invert E lev: j25.1 
j50 Do~nst;eam lnv.ert Elev:l i-2-~ --:I 

jo.5 #identical barrels: 12 .., 
li-1--

jo.o13 

j0.013 

jo 
jo 

OK 

- '1064-- -

Cancel Help 

Figure 4.2 Circular Culvert Data Editor 

From the Culvert Data Editor (as shown in Figure 4.2), the Add button in 
the upper left corner was selected. This cleared the entry fields and created a 
new input window as shown in Figure 4.3. The identification name "Culvert 
#2" appeared in the Culvert ID field in the upper right corner of the editor. 
The Rename button, located immediately below the Culvert ID, was 
selected and .a new name "Box" was entered . The additi0nal fields of the 
Culvert Data Editor will be described as follows . -_ 

'· ! :le • 

Solution Criteria- The user has the option to select to use the result for inlet 
control or outlet control as the final answer for the upstream energy grade line 
value. The default method is to use the highest of the two values, as was 
selected for this example. 

Shape- The cu lvert shape is chosen from the eight available shapes: circular, 
box, elliptical, arch, pipe arch, semi-circ le, low or high arch. For this second 
culvert, the culvert shape was selected as box. To select the shape, press the 
down arrow on the side of the shape field and highlight the desi red shape. 

Diameter, Rise, or Rise and Span - Depending on the shape of the culvert, the 
modeler must enter the inside dimensions of the culvert shape. For a box 
shape, the rise (vertical distance) and span (horizontal distance) must be 
entered . A value of 5 feet for the span and 3 feet for the rise were entered. 
(Note: For box culverts with chamfered corners, refer to the discussion in 
Chapter 6 of the Hyd raulic Reference Manual.) 
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Culvert Data Editor · :~\~ 

!l;dd 1 Cop_y I Delete j Culvert ID jsox iJ 
Solution Criteria I Highest U.S. EG .:::J IITJm 
Shape jsox iJ Span j5 Rise 

Chart ft 11 0· 90 degree headwall; Chamfered or b(;lveled inlet 

Scale *t 12 - Inlet edges beveled 1/2 inch at 45 degrees (1 :1 ) 

I ~ 

Distance to UpstrmXS: j5 c Upstre~m Invert Elev: 12s.1 
Ci,jlyert Length: j50 Downstream Invert Elev: l i-2-8--· l• 

Entrance La~ss Coeff: jo.2 *t identical barrels-: 12 
Exit Loss Coeff: j1 

· Manning's n f~r Top: l r-0-.0-13-- l-~~.,;.;;.;;..;;.:.;;.-ic::~~-=-=.:..r-; 
Manning's n for Bottom: jo.013 

Depth to use Botto'm n: jo 

Depth Blocked: jr-0---

OK 

JEriter the culverts centerline stations (ft] 

Cancel 

Figure 4.3 Box Culvert Data Editor 

1 011 .5 

Help 

Chart#- Each culvert type and shape is defined by a Federal Highway 
Administration Chart umber. Depress the down arrow next to this field to 
select the appropriate chart number. Once a culvert shape has been selected, 
only the corresponding chart numbers available for that culvert shape will 
appear in the selections. Descriptions for the chart numbers appear in 
Chapter 6 on Table 6.5 of the Hydraulic Reference Manual. For this 
example, the culvert chart was selected as" 10- 90 degree headwall; 
Chamfered or beveled inlet edges." 

Scale- This field is used to select the Federal Highway Administration scale 
that corresponds to the selected chart number and culvert shape. Only the 
scale numbers which are available for the selected chart number will appear 
for selection. Descriptions for the scale numbers appear in Chapter 6 on 
Table 6.5 of the Hydraulic Reference Manual. The scale for this example 
was "2 - Inlet edges beveled y; in I ft at 45 degrees (I: I)." 

Distance to Upstream XS- This is the distance from the inlet of the culvert to 
the upstream cross section (20.238). For this example, this was a distance of 
5 feet. On the Deck/Roadway Data Editor, a measure of l 0 feet was 
entered for the distance from the upstream side of the deck/roadway to the 
upstream cross section. Therefore, the culvert entrance is located midway 
between the upstream side of the roadway and cross section 20.238. 

Length- This field is the measure of the culvert (in feet or meters) along the 
centerline of the barrel. The length of the culvert for this example is 50 feet. 
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The program will add this 50 feet to the 5 foot distance from cross section 
20.238 (to the culvert entrance) and obtain 55 feet. The reach length from 
cross section 20.238 to 20.227 is 57 feet, which leaves 2 feet from the exit of 
the culvert to the downstream cross section. 

Entrance Loss Coefficient- The value of the entrance loss coefficient will be 
multiplied by the velocity head at the inside upstream end of the culvert to 
obtain the energy loss as the flow enters the culvert. Typical values for the 
entrance loss coefficient can be obtained from Tables 6.3 and 6.4 in the 
Hydraulic Reference Manual. The entrance loss coefficient for the concrete 
box culvert was set at 0.2 . 

Exit Loss Coefficient- To determine the amount of energy lost by the water as 
it exits the cui ert, the exit loss coefficient will be multiplied by the 
difference of the velocity heads from just inside the culvert at the downstream 
end to the cross section located immediately downstream from the culvert 
exit. In general , for a sudden expansion, the exit loss coefficient should be set 
equal to 1. However, this value may range from 0.3 to 1.0. For this example, 
the exit loss coefficient was set to be equal to 1.0. 

Manning 's nfor Top- This field is used to enter the Manning's n value of the 
top and sides of the culvert lining and is used to determine the friction losses 
through the culvert barrel. Suggested n values for culvert linings are 
available in many textbooks and also may be obtained from Table 6.1 in the 
Hyd raulic Reference Manual. Roughness coefficients shou ld be adjusted 
according to individual judgment of the culvert condition. For this example, 
a Manning's n value of 0.013 was used for the concrete culverts . 

Manning 's n Value for Bottom- This field is used to enter the Manning' s n 
value ofthe bottom of the culvert. For most culverts, this field willbe .the 
same as the Manning's n value for the top. However, if the culvert has a 
natural bottom or something has been placed in the bottom fo r fish passage, 
the n value may vary . 

Depth to use Bottom n- This field is used to enter a depth inside of the 
culvert that the bottom n value is applied to. Ifthe.bottom and top n value are 
the same, a value of zero should be entered. 

Depth Blocked - This field . is used to fill in a portion of the culvert. The user 
enters a depth, and everything below that depth is blocked out 

Upstream and Downstream Invert Elevation ~ These two fields are used to 
enter the elevations of the inverts . For a particular culvert type, all of the 
identical barrels will have the same upstream invert elevation and 
downstream in ert elevation. For this example, the upstream invert was set at 
an elevation of 28.1 feet and the downstream invert was 28.0 feet. 

' 
Centerline Stations- This table is used to enter the stationing (X-coordinates) 
of the centerlines of the culvert barrels. The upstream center lines are based 
upon the X-coordinates of the upstream cross section (20.238) and the 
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downstream centerlines are based upon the X-coordinates ofthe downstream 
cross section (20 .227). This example employs two culvert barrels, with the 
centerlines of the barrels occurring at stations 988.5 and 1011.5 feet, as 
measured on both cross sections. For this example, the X-coordinate 
geometry ofboth cross section 20.238 and cross section 20.227 are referenced 
from the same left station starting point. Therefore, the upstream and 
downstream centerline stations are the same value and this will align the 
culvert in the correct configuration as being parallel to the channel. The 
modeler must be cautious to ensure that the centerline stationing of the 
culvert ends align the culvert in the correct position. 

# identical barrels- This field will automatically display the number of 
barrels entered by the user (determined by the number of centerline stations 
entered). Up to 25 identical barrels can be entered for each culvert type, and 
this box culvert consisted of2 identical barrels . 

\ 

This completed the necessary geometric data for the culverts. The OK button 
was selected and the final configuration of the culverts is as shown in Figure 
4.4. (Note: The ineffective flow areas will be adjuste'd subsequently.) The 
modeler should now close the editor and save the data. 

Bridge Culvert Data- Multiple Culvert Geometry ' .'S~i~ 
Elle ~ew ~tlons tielp 

I neff 
• 

Bank sta 

900 950 1050 1100 1150 

38 
RS=20 .237 Downstream (Culvert) 

36 
34 
32 
30 
28. 
26 
24 

850 900 950 1000 1050 11 DO 1150 

statidn (ft) -- ],..., __ 

Figure 4.4 Box and Circular Culverts at River Station 20.237 
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Ineffective Flow Areas 

Since additional culverts were added at cross section 20.237, the ineffective 
flow areas at river stations 20.23 8 and 20.227 were adjusted for the new 
geometry. From the Geometric Data Editor, the Cross Section icon and 
river station 20.238 were selected. Select Options and then Ineffective Flow 
Areas. This activated the Ineffective Flow Area Data Editor as shown in 
Figure 4.5. 

Ineffective Flow Areas . . · ~ 

Select Ineffective Mode 
C.:• Normal . ~·. (', Muitiple Blocks. 

left Right 

Station 1981 11 019 

Elevation 133.7 133.7 

r Permanent r Permanent 

Cancel I Defaults I Clear 

Figure 4.5 Ineffective Flow Area at River Station 20.238 

The stationing of the ineffective flow areas at cross section 20.238 can be 
determined by us ing a 1: I relationship to the distance of cross section 20.238 
from the culvert entrance. For this example, cro~s _section ~0.238 is !ocated 5 
feet upstream from the culvert entrance. Therefore, the left ineffective flow 
station was set at 5 feet to the left of the left edge of the culvert openings. 
The left edge of the culvert opening is at station 986. This places the left 
ineffective flow station at station 986 - 5 = 981 feet. Similarly, the right 
ineffective flow station was set to be 5 feet to the right of the right edge of the 
culvert opening. · This equates to station I 014 + 5 = 1 019. The elevation of 
the ineffective flow areas will remain as originally set for Example 3, at an 
elevation of 33 .7 feet. 

The ineffective flow areas at cross section 20.227 are determined in a similar 
manner as used for cross section 20.238; however, cross section 20.227 is 
placed at a distance of2 feet downstream of the culvert exit. Therefore, the 
ineffective flow stationing at cross section 20.227 is 984 and 1016 for the left 

.and right stations, respectively. The elevations for the ineffective flow areas 
1..-, , •1 -d '.I t ~th .- 1 \ ~ ~ f,. I • 

at cross sectiOn 20.227 wete set at 33 .6, a value shghtly lower than the lowest 
downstream high cord elevation. 

This completed the required geometric data and the information was saved as 
the geometry file "Multiple Culvert Geometry." 
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Steady Flow Data 

To perform a steady flow analysis, the user must enter both the flow profile 
values and the boundary conditions. For this example, the profiles were 
computed for flows of250, 400, and 600 cfs (as was used for Example 3). 
Additionally, the boundary conditions remained the same as used for 
Example 3. This included downstream boundary conditions of known water 
surface elevations of29.8, 31.2, and 31.9 feet for the three flows, 
respectively. If the stage is uncertain, the modeler should include a river 
reach long enough so that the downstream boundary conditions do not impact 
on the calculated water surface profiles within the reach of interest. This 
steady flow data file was saved as "Multiple Cu lvert Flow Data." 

Steady Flow Analysis 

To perform the steady flow analysis, from the main program window Run 
and then Steady Flow Analysis were selected. This activated the window as 
shown in Figure 4.6. The geometry file "Multiple Culvert Geometry," the 
steady flow file "Multiple Culvert Flow Data," and a subcritical flow regime 
were selected. A Plan title of "Sping Creek Multiple Culverts" was entered, 
as well as a Short ID of "Mult Culvert" and then the COMPUTE button was 
selected to perform the steady flow analysis. 

II steady Flow Analysis , ~C 
File Options l;lelp . 

Plan :" jSpring Creek Multiple l!:ulverts Short ID jMult Culvert 

Geometry File: j,..M-. ~-'lti-pl_e_C-ul-ve-rt_G_e-om_e_t-ry---------3 ....... 

~ ~ SteadyJiow File : J Multiple CuiN"ert Flow D~ta iJ 
l.)c=,Q c.lpJ!Jit ~ L . :~v.tJi.:'l~ <!> 

· · 1· · ' · ' · Plan Descnpt1on : · . • 
Flow Reg1me 
r. s'uoc.riti~a( 
r · Supercritical 
r Mixed 

I r::::::: : ::::::::: : ::: ::: :: ::: : :: :::: : : : : :: ::::::: : : :: :::: : : : ::: :::: : : :: : : :: :: ::::: :: :: : : ::~m:1PPT.~::::::: :::::::::::: :: :: : :: :: : : :: ::: ::: : :::::::::::: :: :::: : :: : : :::: : :::: : :::: ::::::::: : :JI 
!Enter _to .compi.Jte water surface profiles · 

Figure 4.6 Steady Flow Analysis 

Output Analysis 

To review the output, the modeler has various options and procedures. For 
this analysis, evaluations will be performed for: the expansion and contraction 
reach lengths, the channel contraction and expansion coefficients, and the 
water surface profiles . 
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Expansion and Contraction Reach Lengths 

Initially, during Example 3, the expansion and contraction reach lengths were 
determined using table values obtained from the USACE research document 
[HEC-1995]. These reach length values were then compared to the actual 
distances of the expansion reach length (from cross section 20.227 to cross 
section 20.189) and the contraction reach length (from cross section 20 .251 to 
cross section 20 .238). It was then determined that the contraction reach 
length was adequate for the analysis; however, the estimated expansion reach 
length was less than the distance from cross section 20 .227 to cross section 
20.189. Therefore, an additional cross section, 20 .208*, was interpolated and 
included as the location where the flow would fully expand. After the 
analysis for Example 3, the expansion and contraction reach lengths were 
computed using regression equations and compared to the predetermined 
values. For this current example, the regression equations will again be used 
to evaluate the expansion and contraction reach lengths. 

Expansion Reach Length. Cross section 20.208* was the interpolated 
section that was assumed to be at the location where the flow becam~ fully 
expanded. To evaluate the location of this cross section, the relationship 
shown as Equation 4-1 was used. Equation 4-1 is applicable when the width 
of the floodplain and the discharge is less than those of the regression data. 
The equation is: 

ER = _L. = 0.421 + 0.485 ( F
20

·
227 J + 0.000018 Q 

L obs F 20.208' 

(4-1) 

where: ER expansion ratio 

5W~P _·e.n1 J~.~*~~9rft -'• '1· · 
average ength of side obstruction, ft 

L = 
.>~o n ~ o 
Lobs -

F2o.221 = main channel Froude number at the cross section 
~ ' ' • ~ I) ' . 

im-mediately downstream of the culvert (cross section 
20'.2:2'7 fqr this example) 

F2o.2os• = 
~ . . 

Q 

main channel Froude number at the cross section of 
f411)i'expanded flow (cross section 20.208* for this 

I ~ f • ., t • • 

example) , 
total discharge, ·&Is 

(Note: The subscripts used in Equation 4-1 and all subsequent equations 
reflect the river station numbering for this example.) .From the analysis, the 
Froude mimbers at cross sections 20 .227 and 20.208* for the flow of 600 cfs 
are 0. f 8 and 0. 1'4; 'respectniely. Substituting these values into Equation 4-1 
yields an expansion ratio of 1.06. The standard error for Equation 4- 1 is 0.26, 
which yields a range ofthe 'ER from 0.80 to (.32 to define the 68% 
confidence band. 'For this current example, the average length of obstruction 
is determined to be approximately equal to 60 feet. With this length of 
obstruction ,_ ~e expansion reach length is: ' .. . . 

. ./ ; ' 1,\• ' I'~ , , t I~-., ,,,,'(', • I 
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(ER) (Lobs) (1.06)(60) 64ft 

This is the median value of the range from 50 to 80 feet (using ER = 0.80 and 
I 

1.32, respectively). The actual distance from cross section 20.227 to cross 
section 20.208* was set at I 00 feet, which is only slightly greater than the 
maximum value of the range as determined from Equation 4-1. Therefore, 
the existing reach length was not adjusted. Also, since the regression 
equation was based on studies conducted for low flow through bridges and 
since the flow for this example is less than the flow rates used to develop the 
equation, the expansion reach length was not adjusted from the existing value. 
Finally, the resulting expansion ratio should not exceed 4: I nor should it be 
less than 0.5:1. 

Contracti9n Reach Length .. Cross section 20.,2? 1 is located where the flow 
lines are parallel to the main channel. To evaluate this location, Equation 4-2 
will be utilized. This equation is used when the floodplain scale and 
dischargers are significantly different than those used in the regression 
analysis and is: 

CR = 1.4- 0.333 ( F20.227 J + 1.86( Qob J2 - O.J9 ( nob ]0.5 
F2o.2os- Q nc 

(4-2) 

where: CR 
Lc 
Qob 

Q 

contraction ratio 
contraction reach length 
discharge conveyed by the two overbanks at cross 
section 20.251 , cfs 
total discharge, cfs 
Manning's n value 'ofthe overbanks at section 20.251 
Manning's n value for the main channel at cross 
section 20.251 

From the analysis of the 600 cfs profile, the flow in the two overbanks at 
cross section 20.251 was 34.32 cfs and the Manning's n values for the 
overbanks and main channel at cross section 20.251 are 0.10 and 0.04, 
respectively. Substituting these values into Equation 4-2 yielded a 
contraction ratio of 0.68 . T~e standard error for Equation 4-2 is 0.19, which 
yields a CR range.from 0.49 to 0 . .87 to define the 68% confidence band. This 
range is less than the range obtained from Table B-2 of 0.8- 1.5. Using the 
contraction ratio of 0.8 and an average obstruction length of 60 feet, the 
contraction reach length is: 

,Lc -·. 48 feet 

4- I I 
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The existing contraction reach length (the distance from cross section 20.251 
to cross section 20.23 8) is set at 70 feet, which is only slightly greater than 
the calculated value of 48 feet. Due to the uncertainty of the regression 
equation and since the data for this example were outside the range of the 
data used to develop the equation, the contraction reach length was not 
adjusted. Finally, the resulting contraction ratio shou ld not exceed 2.5: I nor 
should it be Jess than 0.3: I. 

Channel Expansion and Contraction Coefficients 

The coefficients of expansion (Ce) and contraction (Cc) for flow in the cross 
sections are used to determine the energy losses associated with the changes 
in channel geometry. Initially, in the vicinity of the culvert, the coefficients 
were set at 0.5 and 0.3 for the expansion and contraction, respectively . Each 
of these values will be reviewed. 

Expansion Coefficient. The expansion coefficient can be obtained from 
Equation 4-3 : 

C, =- 0.09 + 0.570(Doh J + 0.075 ( F
20

·
227 J (4-3) 

DC F20.2W 

where: Ce 
Dob 

coefficient of expansion 
hydraulic depth (flow area divided by the top width) 
for the overbank at cross section 20.208* 
hydraulic depth for the main channel at cross section 
20.208* 

From the analysis of the 600 cfs profile, the hydraulic depths for the 
overbanks an~ the main channel at river statiof\20.208* are 0.58 and 5.66 
feet, respectively. ~ubstitution of the values into Equation 4-3 yields an 
expansion coefficient of 0.07. This is the median .value and the range of± 0.2 
defines the 95% confide)1.ce band fo r Equation 4-3 . . For this example, a value 
of 0.5 was used. The value of the expansion coefficient is generally larger 
than the value used for the contraction coefficient so the value of 0.5 will 
remain as the selected value. The modeler can perform a sensitivity of this 
coefficient by changing this coefficient and performing subsequent analyses. 
For;~~e~M:, ~h _ 9 ge) ?1 ,eJec@1 he~qJr )l]~Cr?,S~ ,secti<;m-20.227 to 
20.208* was only 0.06 feet. Since this value is small, a change in the 
expansion coefficient will only reflect a minor change in the resulting water 
surface elevation. 

Contraction Coefficient. From the research document [HEC-1995], the 
contraction coefficient is obtained by first determining the relationship: 

., .b~B 

where: b 
B 

I ' 

281145 0.20 

culvert opening width, ft (m) 
total floodplain width, ft (m) 
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From Table B-3 in Appendix B of the Hydraulic Reference Manual, the 
recommended contraction coefficient range is 0.3 - 0.5 . The value selected 
for this example was the minimum value of 0.3. 

Water Surface Profiles 

From.the main program window, select Vjew and then Water Surface 
Profiles .. This will result in the display as shown in Figure 4. 7. In the figure, 
the water surface profiles are shown for all three flows. As can be seen in the 
figure, the water surface for the first flow (250 cfs) was able to travel through 
the culverts without submerging the inlet or outlet. For the second and third 
flow profiles, it can be seen that the culvert entrance was submerged but that 
weir flow did not occur for either flow. 

· _Profile Plot- Warning Geometry is newer than output. ' ""''~lJ RJil'£1 
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Multiple Culverts- Example 4 Plan: Spring Creek Multiple Culverts 
Geom: Multiple Culvert Geometry Flow: Multiple Culvert Flow Data 

Spring Creek Culvrt Reach 'I 
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3000 

EG 5 yr I 
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Ground 

To an'alyze this further, the modeler can view the profile output table to 
determine the depths of flo vi attlh~ upstre'am side of the culverts. From the 
main· prog'ram window, select Vi'ew, Profile Table, Std. Tables, and then 
Culvert Orily. This will display the table as shown in Figure 4.8. 
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Figure 4.8 Culvert Only Profile Table 

In Figure 4.8, the first two rows are for the flow through the box and circular 
culverts for the flow of 250 cfs. Then the second set of rows are for the flow 
of 400 cfs, and fmally the last two rows are for the flow of 600 cfs. For both 
the box and the circular culverts, the upstream inside top e levation was set at 
31.1 feet. By comparing this value to the upstream water surface elevation 
(W. S. US.), it is determined that both of the culverts were submerged at the 
entrance for the second and thi rd flow profiles because the upstream water 
surface elevations were 31.83 and 33.22 feet, respectively . 

Additional analysis of the table reveals that outlet control was the type of 
flow occurring thro.uglLtbe culv.ert..fo.r all3 flow _profiles, because the outlet 
energy grade line was greater than the inlet control energy grade line. The 
flow through each culvert, for each flow profile, is shown in the column with 
the heading "Culv Q." For example, for the first flow profile (250 cfs), there 
was '74.13 dfs' flowing through the box culverts (37.36 cfs through eaQh ... 
barrel) and 175.27 cfs flowing th rough the circular culverts (87.64 cfs through 
each ba~el). 'This tbtals 74.73 +' 175.27 = 250 'cfs ··antl accounts for the tota'l 
flow rate forthefirstflow profile. Finally, there are no values in the weir 
flow column of the table, which signifies that weir flow did not occur for 
these flow rates. This was an initial goal to develop a culvert system that 
produced no weir flow. The modeler can now determine the available 
freeboard on the upstream side of the roadway embankment and adjust the 
sizes and shapes of the culvert as deemed necessary. 

For a more detailed analysis of each culvert, select View, C ross Section 
Table, Type, and then Culvert. Toggle to profile 3 (600 cfs) and select the 
"Box" as the Culvert ID. This will display the table as shown in Figure 4.9. 
This table displays additional information for the selected culvert and flow 
profile such as the length of the culvert flowing full and the energy losses. 
The modeler can compare these losses with values obtained for other entrance 
and exit loss coefficients .. Finally, as displayed on the previous table, it can 
be seen that there is no weir flow occurring at this river station. The mode ler 
can then toggle to .the circular culvert at this river station by selecting the 
Culvert .ID .field. If addjtional culverts were located at other river stations, 
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the data for these culverts can be viewed by selecting the appropriate river 
station. 

7.20 [ 

--- 28.10! 
28.00 1 

0.21 
--- ---l 

0.701 

Figure 4.9 Culvert Type Cross Section Table 

Finally, the location of the ineffective flow areas wi ll be reviewed . From the 
main program window, select View and then Cross Sections. Toggle to river 
station 20.238 and this will display the cross section as shown in Figure 4.1 0. 
In the figure, it can be seen that the water surface elevations did not exceed 
the elevations set for the ineffectiye fl_QW area~. Additionally, toggle to river 
station 20.227 and it can be seen that the water surface elevation is lower than 
the elevations set for the ineffective flow areas at this cross section. Since 
weir flow did not occur, the ineffective flow areas set for cross sections 
20.238 and 20.227 should reasonably reflect the actual flow conditions. 

.. 
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Multiple Culverts - Example 4 Plan: Spring Creek Multiple Culverts 
Geom: Multiple Culvert Geometry Flow: Multiple Culvert Flow Data 

RS = 20.238 River mile 20.238- Upstream end of culvert 
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Figure 4.10 Cross Section 20.238 of Spring Creek 

Summary 

4-16 

This example demonstrated the use ofHEC-RAS to analyze a river reach that 
contained a multiple culvert opening. The multiple culverts consisted of two 
culvert types (circular and box), each with two identical barrels. After the 
flow analysis was completed, the expansion and eontraction reach lengths 
were evaluated and the ineffective flow areas were reviewed. Finally, the 
various output features (flow profiles, cross section type tables, and profile 
tables) were displayed ,to show the features available for a review of the 
output. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

F.rample 5 Multiple Openings 

EXAMPLE 5 

Multiple Openings 

Purpose 

This example demonstrates the anal:Ysis of a multiple opening. An opening is 
comprised of a bridge, a group of culverts, or a conveyance area (open 
channel flow other than a bridge or culvert). The program can analyze up to 
seven openings occurring at the same river station, and any number of bridge 
and culvert openings can be used. However, the program is limited to a 
maximum of two conveyance-type openings. 

Data entry for a conveyance-type opening and a bridge opening are similar to 
the procedures used for Example 1 and Example 2, respectively. Entering 
data for a culvert group is similar to the procedures used for Examples 3 and 
4. Therefore, it is recommended that the modeler be familiar with Examples 
1 through 4 before continuing with this example. 

To activate the data files for this project, from the main program window 
select File and then Open Project. Select the project labeled "Multiple 
Openings- Example 5." To begin this example, the final results from the 
pressure/weir flow bridge analysis of Example 2 were used as the base 
starting conditions. These data files are included with this example as: 

Plan: 
Geometry: 
Flow: 

"Base Conditions" 
"Beaver Cr.+ Single Bridge" 
"Beaver Cr. - 3 Flows" 

During the maximum flow event of 14000 cfs for Example 2, the flow 
overtopped the roadway. For this current example, additional openings of a 
culvert group and a relief bridge were provided so that the flow did not 
overtop the roadway. These additional openings were included with the 
existing bridge opening at the same river station . 

To perform this current example, th<; geometry file "Beaver Cr. +Single 
Bridge" was activated . Then, the procedures as outlined in this example were 
performed. Finally, the geometry was then saved as "Culvert Group +Relief 
Bridge." This geometry file and the steady flow data file "Beaver Cr.- 3 
Flows" were then saved as a new plan entitled "Modified Conditions." This 
final plan, with the multiple opening geometry, is included with the project. 
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River System Geometric Data 
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To perform the analysis, the geometric data were entered first. This data 
consists of the river system schematic, the cross section geometry, and the 
placement of the cross sections in relation to the bridge and culverts. Each of 
these geometric data components are described in the following sections. 

River System Schematic 

From the main program window, select Edit and then Geometric Data. This 
will display the river system schematic as shown in Figure 5.1. The river 
reach is defined by 12 river stations with river mile 5.0 as the downstream 
cross section, as developed during Example 2. Additionally, there is a bridge 
at river station 5.40, which is exactly as described during Example 2. 

Geometric Data - Culvert Group + Relief Bridge · . , •;!~"!&~· Iii: 

Figure 5.1 River System Schematic 
.,. 

1 
1 , 11; _{, • 
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Cross Section Geometry 

The cross section geometry consists of the cross section X-Y coordinates, 
reach lengths, Manning's n values, main channel bank stations, contraction 
and expansion coefficients, levees, etc. Each ofthese items are exactly as 
described for the cross sections in Example 2. (Note: The ineffective flow 
areas will be adjusted subsequently.) 

Placement of the Cross Sections 
The placement of the cross sections in reference to a bridge or culvert 
opening is crucial for the accurate calculation of the energy losses through the 
structure. As described during Example 2, the expansion and contraction 
reach lengths were adjusted to properly locate the cross sections in the 
vicinity of the bridge. For this current example, the expansion and 
contraction reach lengths will be adjusted to account for the inclusion of a 
culvert group and a flow relief bridge. This adjustment of the reach lengths 
was performed after the bridge and culvert data were entered and will be 
discussed in a subsequent section of this current example. 

Bridge Geometry 

The bridge geometry is composed of the deck/roadway data, the pier and 
abutments, and the bridge modeling approach. Each of these items will be 
discussed in the following sections. 

Deck/Roadway Data 

From the Geometric Data Editor, select the Brdg/Culv icon. This will 
activate the Bridge/Culvert Data Editor as shown in Figure 5.2. During 
Example 2, the reach of "Kentwood" was selected and a bridge was placed at 
river station of 5.40. Then the deck/roadway data were entered by selecting 
the Deck/Roadway icon on the left side of the editor. The deck and roadway 
data for the main bridge are identical to the data entered for Example 2. 

For the current example, a flow relief bridge was added at river station 5 .40. 
To add this bridge, first the bridge deck and roadway data were entered by 
selecting the Deck/Roadway icon . This activated the Deck/Roadway Data 
Editor as shown in Figure 5.3 . The additional high and low cord information 
for the second bridge was then added to provide for an opening for the second 
bridge. 'This was accomplished by scrolling down to the end of the existing 
data and then entering the stations and elevations for the high and low cords 
of the second bridge. The data app,ears in Figure 5.3, showing the bridge 
opening from X-coordinates of960 to 1240, with the low and high cords of 
215.7 and 216.93 feet, respectively. (These values are the same as used for 
the first main bridge.) After the data were entered, the editor was closed. It 
should be noted that the distance, width, weir coefficient, and other 
parameters of the Deck/Roadway Data Editor will be the same for the 
second bridge as for the first bridge. 
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Bridge Culvert Data - Culvert Group+ Relief Bridge _ ·- ·_ · ··;,;,~.,r Iii 
Eile 

1----·-~L-----'==:::or------------1 

~~ 
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Figure 5.2 Bridge/Culvert Data Editor 

Deck/ Roadway Data Editor . . < ~·. ;.=;: 
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Piers and Abutments 

The next step was to enter the pier data. This was accomplished by selecting 
the Pier icon on the left edge of the Bridge/Culvert Data Editor (the editor 
shown in Figure 5.2). During Example 2 fqr the first bridge, each of the nine 
piers was entered with a starting elevation of200 feet and an ending elevation 
of216 feet, and a width of 1.25 feet. The piers were located starting at a 
centerline station of 4 70 and were placed at a distance of20 feet on center, 
yielding an ending centerline station of 630. To add the piers for the second 
bridge, for this current example, the 'Pier icon was selected and the Add 
button was chosen. This created a new pier (#1 0) and the centerline station 
was set at 980. The starting (200 feet) and ending (216 feet) elevations for 
this pier were the same as for the other piers. As before, the elevations were 
choseh to be below the .gro.und l~v~l anci i~§Tde the bridge decking. The 
program will automatically remove the pier area below the ground and inside 
the decking. Finally, the Copy button was selected to enter a total of 13 
additional piers, 20 feet on centers, ~nding at~ centerline station of 1220. 
(The bridge opening ended at an X-coordinate of 1240 feet. ) This completed 
the addition of the new piers for the flow relief bridge. 

Finally, any sloping abutments should now be entered for the analysis by 
selecting the Sloping Abutment icon the left side of the Bridge Culvert 
Data Editor. For this example, the bridge geometry did not include sloping 
abutments . 

Bridge Modeling Appro~ch 

From the Bridge/Culvert Data Editor, select the Bridge Modeling 
Approach icon . This will activate the Bridge Modeling Approach Editor. 
For a multiple opening analysis, if only one bridge modeling approach is 
developed, then the program will default to use that approach for all of the 
bridges. Alternatively, the user can develop an approach (coefficient set) for 
each of the bridges in the river station. For this current example, the Add 
button "!as selected at the top of the editor for the main bridge (as developed 
during Example 2) and this created ' a second .bildge modeling approach, 
which is shown in Figure 5.4. The data entered ·for this second bridge 
modeling approach are shown in Figure 5.4. 

This completed the input required for the bridge geometry and the OK button 
was selected at the bottom of the editor. Next, the culvert geometry was 
entered. 

•· ' ... :! 
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Bridge Modeling Approach Editor . · ··:·~: {·~i1 

Figure 5.4 Relief Bridge Modeling Approach Editor 

Culvert Geometry 

5-6 

To ent~r the cu lvert geometry, the Culvert icon was selected from the 
Bridge/Culvert Data Editor. This activated the Culvert Data Editor as 
shown in Figure 5.5. The procedu re for entering the culvert data is similar to 
the procedures as used during Examples 3 and 4. The following is a brief 
summary of the steps used to enter the cul~ert ~ata for this current example. 

The first culvert ID will automatically be set to "Culvert # 1." This was 
changed to "Box #1" by selecting the Rename button. Then the Solution 
Criteria was selected as "Highest Upstream Energy" and the Shape "Box" 
was selected.· A rise of 4 feet and a span of 6 feet were then entered. Chart 
number 8 and Scale number 1 were selected to describe the FHW A standard 
culvert parameters. Additionally, the Distance to· Upstream XS was entered 
as 20 feetJ.Length \;Vas measured to be 60 feet, the Mann ing's n - Value was 
set at O._Q 13, and the Entrance and Exit Loss Coefficients were set at 0.5 and 
1.0, resp~cti~ely . The upstream and downstream Invert Elevations and the 
upstream and downstream Centerline Stations were entered for each of the 5 
identical barrels, as shown in Figure 5.5 , and the# identical barrels displayed 
a value of 5. 

It should be noted that if the mu ltiple opening analysis had been configured as 
a bridge in between two culvert groups, then the two culvert groups should be 
entered as separate culvert types. This will enable the program to distinguish 
between the different opening locations. Upon entering the culvert 
information, the OK button was selected to exit the culvert editor. 
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Culvert Data Editor · .~~;;';. 

Figure 5.5 Box Culvert Data Editor 

Fina_lly, the user should highlight the piers and bridge openings from the 
View menu of the Bridge/Culvert Data Editor. Then, zoom in to view each 
of the bridge openings and the culvert barrels . This will enable the user to 
view any inconsistencies that may have developed during the data entry. This 
completed the data entry for the culverts. ext, the openings were defined for 
the multiple flow analysis . 

. .. ~. : ' 

Multiple Openings . i 

For the multiple opening analysis, the user must define the stagnation limits 
I 

for the flow separation into each ofthe openings. After these limits were 
defined, the ineffective flow areas and the Manning's n values were adjusted 
to account for the multiple openings . Each of these is discussed in the 
following sections . 
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Stagnation Limits 

As the flow approaches the river station that contains a multiple opening, the 
total flow will divide upstream from the multiple openings so that a portion 
will enter into each opening. Therefore, to perform the multiple opening 
analysis, the user must enter a left and right station for each opening which 
defines the X-coordinate range of the flow separation. The specific X­
coordinate where the flow separates is called the stagnation point and this 
stagnation point is either determined by the program or set by the user. To 
perform the multiple opening analysis, from the Bridge/Culvert Data 
Editor, select the Multiple Opening Analysis icon . This will activate the 
Multiple Opening Analysis Data Editor as shown in Figure 5.6. 

Multiple Opening Analysis · .i,~ff 

CoiliVeYahce EUI\!erl Group Bridge Insert Row li)elrt"e ffiow I· 

Figure 5.6 ·Multiple Opening Analysis Data Editor 

First, the order of the openings are established from left to right as looking in 
the downstream direction. For this example, there-were three openings: a 
culvert group, the main bridge opening, and then .the re i ief bridge opening. 
To enter the data, the field under "Opening Type',' and adjacent to number I 
was selected. Then, the Culvert Group icon was selected, because the first 
opening type was a culvert. This placed the description "Culvert Group" in 
the first row, under the heading "Opening Type." 

Next, the upstr.eam left-at:1d right stagnation limits were entered for the culvert 
group. These left and right stations will be used to determine where the flow 
separated between the culvert group and the bridge. For th is example, the left 
and right stagnation limits were established as 0 and 390. Additionally, the 
downstream left and right' s'tagnation lim.its were also entered as 0 and 390. 
The downstream stations define the X-coordinate limits where the flow from 
consecutive openings will rejoin. 
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Next, the field under "Opening Type" and adjacent to row number 2 was 
selected. Then, the Bridge icon was selected and the description "Bridge" 
appeared as the second opening type. The left and right stagnation limits 
were entered for the bridge as 31 0 and 880 for both the upstream and 
downstream side. Finally, the third opening was selected as "Bridge" and the 
data entered as shown in Figure 5.6. 

As can be seen in Figure 5.6, the right stagnation limit for the culvert group 
was set at 390 and the left stagnation limit for the main bridge was set at 3 I 0. 
This created an overlap area from 310 to 390. Since this overlap exists, the 
program, will determine the actual location of the stagnation point (the flow 
separation point) between the culv'ert and the main bridge. By entering the 
data in this fashion, the stagnation point was then allowed to vary for each 
flow profile, within the limits from 3 I 0 to 390. Conversely, if the right 
stagnation limit of an opening coincides exactly with the left stagnation limit 
of the next opening, then the user has defined a specific stagnation point and 
this poin~ will be fixed for all flow profiles. For a conveyance type opening, 
in the current version of the program, a fixed stagnation point must be used 
on both sides of the opening. For a further discussion on multiple opening 
analyses, refer to Chapter 6 of the User's Manual and Chapter 7 of the 
Hydraulic Reference Manual. 

Once all of the data were entered into the Multiple Opening Analysis Data 
Editor, the OK button was selected. Then the locations of the stagnation 
limits can be viewed in the display of the Bridge/Culvert Data Editor as 
shown in Figure 5.2. The limits selected for the stagnation points for each 
opening are shown above the two cross section plots. 

For guidance on selecting the stagnation limits, there are two main objectives. 
First, there is a physical limit. This implies that there might exist a physical 
attribute of the openings on the cross section that can be used to determine the 
stagnation limits. -For example, the left stagnation limit for the culvert was set 
at the left edge of the cross section. Additionally, the right stagnation limit 
for the culvert cannot be placed in the main bridge opening. This would 
imply that the flow in front of the bridge would go over to the culvert and this 
is not a practical. Therefore; a physical right stagnation limit for the culvert 
would be the left side of the main bridge opening. 

Secondly, for guidance on selecting the stagnation limits, there exists 
practical limits. For example, the flow in the cross section in between the 
culvert 'and the main bridge m·ust separate at some point to travel into either 
opening. Since the bridge opening ·is larger:than the culvert opening, more of 
the flow ·will probably go towards the bridge opening. Therefore, the right 
stagnation limit for the culvert should not be set all the way over to the left 
edge of the main bridge opening. The right limit for the culvert should be 
located at a practical limit before the bridge opening. This practical limit can 
be determined by analyzing the amount of conveyance in the area between 
the culvert and the bridge, and then developing a reasonable estimate of 
where the stagnation limit should be place_g. 
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Finally, it is recommended that the user allow the stagnation points to migrate 
(where possible) rather than enter specific fixed stagnation points. This is 
important when evaluating several flows during the same run . Conversely, if 
the stagnation limits are allowed to migrate over a large distance, the program 
may experience difficulty in converging to a solution . When this occurs, the 
overlaps of the stagnation limits should be reduced. 

Ineffective Flow Areas 

Before a steady flow analysis was performed, the ineffective flow areas were 
located. From the Geometric Data Editor, select the Cross Section icon 
and then toggle to river station 5.41. This is the river station immediately 
upstream of the multiple opening. For this example, blocked ineffective flow 
areas were set as shown in Figure 5.7. 

Ineffective Flow Areas , . . . :;~111l 

Figure 5.7 ·Blocked Ineffective Flow Areas for River Station 5.41 

,. . . 

Four ineffective flow area blocks were established at this river station. These 
were located: to the ieft of the culvert group, in between the culvert group 
and tp,~. 0.~!~br.i9,g~, i,ry between :·t~e .m~in bri?g~ and the relief bridge, and 
finally to' tpe ' right ofthe 'relief bridge. It shoufd be noted that during a 
multiple o_pe~ing an<;tlysi~ , .t~e ineffective flow areas need to be described 
using the block method, not the normal method. The block method allows the 
user to enter ineffective flow areas in between the openings. Finally, 
ineffective tiow bloc'I~s w~~e aefined at river station 5.39 (located downstream 
of the multiple opening). These ineffective blocked areas are shown as 
connected green lines on the Br~dge/.Culvert Data Editor (Figure 5.2). 

· • :; •' • : ~ •,. . t " r~ • 

The ineffective flow.· areas cou1d have been entered along with the cross 
section geometry (X andY -coordinates, etc.); however, for this example, the 
locations for the culvert group and relief bridge were established first. Then, 
the locations of the ineffective flow areas were more readily ascertained from 
the locations of the culverts and bridges. 
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Manning's n Values 

Due to the inclusion of the culverts and relief bridge, the Manning's n values 
in the overbank areas in the vicinity of the bridge were adjusted. It was 
assumed that during installation ofthese relief openings, portions ofthe 
densely forested overbank areas would be cleared for construction access and 
to allow the flow to enter the culverts and relief bridge. Therefore, the n 
values in the overbank areas at river stations 5.41 , 5.39, and 5.33* were 
adjusted to an appropriate value to represent the expected conditions . 

Cross Section Locations 

As discussed prev iously, the placement of the cross sections in reference to a 
bridge or culvert opening is important for the accurate calculation of the 
energy losses through the structure. For this example, it will be considered 
that the majority of the flow will travel through the main bridge opening at 
the multiple opening river station . Therefore, the expansion and contraction 
reach lengths for the high flow event will be determined based on the main 
bridge opening. The following sections describe the procedures used to 
determine the expansion and contraction reach lengths as well as the 
expansion and contraction coefficients . 

Expansion Reach Length 

To determine an initial e~timate for the exp_an.~on reach length, the 
procedures as outlined in the USACE research document [HEC-1995] will be 
implemented. These procedures are discussed in Appendix B of the 
Hydraulic Reference Manual. First, the expansion ratio (ER) was 
estimated using the expansion ratio table (Table B.l). To determine the ER, 
the following parameters were necessary: 

b 
B 
biB 
s 
not/nc 
Lobs 

where: b 
B 

s 
nob 
nc 
Lobs 
.. 

200ft 
850-310 
200/540 
8 ft/mi 
1.75 

540ft 
0.36 

[(450-31 0) + (850-647)] 

main bridge opening width, ft 

170ft 

floodplain width contributing to flow through the 
main bridge, ft 
slope, ft/mile 
Manning's n value of the overbanks 
Manning's n value of the overbanks 
average obstruction reach length for the floodplain 
width contributing· flow through the bridge, ft 
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The main bridge opening width, b, is obtained from the bridge geometric data 
and was determined to be 200 feet. The floodplain width for this scenario, B, 
will be the width of flow that contributes to the main bridge opening and is 
the distance from the left stagnation point to the right stagnation point of the 
main bridge opening. Since these stagnation points were entered as floating 
values, an approximate location was assumed for this initial determination of 
the expansion reach length and the value was estimated as 540 feet. 
Additionally, the average length of the side obstructions, Lobs was estimated 
at 170 feet. This value was determined by only considering the floodplain 
width between the left and right stagnation points for the main bridge. 
Finally, the b/8 ratio and the slope of the river reach are used to determine an 
initial estimate of the expansion ratio from the "Ranges of Expansion Ratios," 
Table 8.1 in Appendix 8 of the Hydraulic Reference Man ual. From the 
table, the ER was found to range from 1.3 - 2.0. An average value of I .7 was 
used and this resulted with an expansion reach length, Le, of: 

(ER) (Lobs) (1.7) (170) 290ft 

For this example, the expansion reach length is the main channel distance 
from cross section 5.39 to cross section 5.24* which equals 778ft. Therefore, 
an additional cross section was added at a distance of 290 feet downstream 
from cross section 5.39 based on the estimated expansion reach length as 
determined above. 

To insert the additional cross section, field data should be used. If this is not 
available, then the user can utilize the interpolation routines. Then, the 
interpolated cross section should be compared with the existing geometry and 
topographic maps. For this example, the interpolation method was utilized to 
obtain a cross section at a distance of290 feet downstream from river station 
5.39. To perform this interpolation, it would be necessary to interpolate 
between river stations 5.39 and 5.24* . However, the program will not allow 
for interpolation between an .existing river station and a previously 
interpo lated section. Therefore, the interpolation would be required from 
river station 5.39 to river stadon 5.13 . Since this was a very long river reach, 
an alternative approach was employed by obtaining data from the USGS 
Atlas No. HA-60 1 (This atlas provided the data for Example 2.). From the 
atlas, the data for river station number 5.29 Wa$ ~ntered into the existing 
geometry data file. Then, an interpolation was performed between river 
stations 5.39 and 5.29. 

The interpolation procedure was performed by opening the Geometric Data 
Editor, then selecting th.e Cross Section icon, Options, then Add a new 
Cross Section. River station 5.29 was entered as the new location for the 
cross section and the data for river station 5.29 were entered, with the 
downstream reach lengths being from river station 5.29 to 5.13 *. Since river 
station 5.29 was added, the existing reach lengths for river stations 5.39 were 
adjusted to 320, 500, and 580 feet for the LOB, main channel, and ROB, 
respectively. Then, from the Geometric Data Editor, the following was 
selected: Tools, XS Interpolation, Between 2 XS's. The upper river station 
was set to be 5.39 and this caused the lower river station to be 5.29. A 
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maximum distance of 1 00 feet ~as entered and the interpolation was 
performed. This yielded 4 new river stations between 5.39 and 5.29, each 
100 feet apart. · The interpolated river stations of5.37*, 5.35*, and 5.31 *were 
deleted and the program adjusted.the reach lengths accordingly. This 
produced the river station 5.33*, located 300 feet downstream from river 
station 5.39. For further discussion on the interpolation procedures, refer to 
Chapter 6 of the User's Manual and Chapter 4 of the Hydraulic Reference 
Manual. The goal was to obtain ~ rive,r station 290 feet downstream from 
5.39, and this distance of 300 feet was deterinined to be appropriate for an 
initial location. 

Contraction Reach Length 
'•• 

To determine an initial estimate for the contraction reach length, a similar 
procedure as for the expansion reach length was used. From Table B.2 
"Ranges of Contraction Ratios," it was determined that the contraction ratio 
(CR) ranged from 0.8 to 1.4. An average value of 1.1 was selected and this 
yielded a contraction reach length, Lc, of: 

(CR) (Lobs) (1.1)(170) 190ft 

For the current example, the contraction reach length is the distance from 
river station 5 .49* to river station 5.41, a main channel distance of 4 78 feet. 
Therefore, a new cross section, located a distance of 190 feet upstream from 
river station 5.41 was inserted. The data for this new cross section was 
obtained from the USGS 'atlas, n·amely river mile 5.44. This river station is 
located 170 feet upstream from river station 5.41 and was considered 
appropriate fo"r' an in itial estimate cifthe contraction reach length. Finally, the 
reach lei'lgth values for river 'station 5'.61 were adjusted to account for the 
inclusion of the new cross section: 

": ... 

Coefficients of Expansion and Contraction '., . . ' :. ~ . ' . - . . . 
• ,., , I l 

The coefficients of expansion and contraction are used by the program to 
determine. energy losses due to the, change in cross sectional area of the flow. 
In tl}e vic inity_ of the bridge and culvert openings, the expansion and 
¥onn;action .co~ffi.cient~. yver,e ch~sen a~ 0.5. an_9 0.3, respectively. These 
val1.1e~ represent ~oefficients in a range between a typical bridge section and 
an abrupt transition . . In the areas throughout the remaining portion of the 
river reach, the expansion and contraction coefficients were set at 0.3 and 0.1, 
respectively .. All oftbese .~alues are initial estimates and should be reviewed 
by the user to dete.rmine their impact on. the ·resulting water surface 
elevation's. · ·· ·· · · · 

After the expansion and contraction reach lengths were modified and the 
expansion and contraction coefficients were determined, the adjusted 
geometry was saved as a fi le entitled "Culvert Group+ Relief Bridge." Then, 
this geometry file and the steady flow data file were saved as a new plan 
entitled "Modifie~ Conditions." By saving new files, the original data set 
obtained from Example 2 remained unchanged and this will allow for a 
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comparison between the multiple opening data and the data that contained 
just the single bridge geometry. Finally, by activating the new adjusted 
geometry plan, the user can view the reach lengths by activating the 
Geometric Data Editor, and then selecting Tables, and Reach Lengths . 
This table is shown in Figure 5.8. Similarly, the coefficients can be viewed 
by selecting Tables and then Coefficients . 

~---- -----~· 

Edit Downstream Reach Lengths ,;.t~·'" 

225 400 
~~~~~~~~-22_5 ______ - ~40~0-------r~· 

ll'=.i<ll~~~~~- 240 ----i, 46Q_ 
460 
1'70 . 
100 

Figure 5.8 Reach Lengths Table for Modified Conditions Plan 
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Steady Flow Analysis· 
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After all of the geometric data were entered, the steady flow data fi le was 
created . From the main program window, select Edit and then Steady Flow 
Data. Three profiles were selected to be calculated with flows of 5000, 
10000, and 14000 cfs. Then, the downstream boundary conditions were 
established as 209.5, 21 0.5, and 2-l-1 &:_ T.!l!s steady flow data file is identical 
t<Jlth·e fil8;produeed during Ex1imple 2; 1ln'ci:~as M'e<i"f& this example. The 
user is referred to Example 2 for a further discussion on developing this 
steady flow,.data file. 

Finally, the steady flow analysis was performed. From the main program 
window, Run-and then Steady Flow-Amilys'i was selected. A short 
identificat-ion for the plan was entered as "Mult Open." A subcritical flow 
regime was-selected and the analysis was performed by selecting 
COMPUTE:- ·-

··-·· 
' 
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Multiple Opening' Outp·ut ·Analysis 

This example demonstrates the use of the HEC-RAS program to analyze 
multiple openings that occur at the same river station. Therefore, this 
analysis will concentrate on the review of the multiple opening output. For a 
detailed discussion on the review of the individual culvert and bridge 
openings, refer to Example 2 for the bridge analysis and to Examples 3 and 4 
for the culvert analysis. This analysis will review: the evaluation of the 
expansion and contraction reach lengths; the water surface profiles; and 
finally the multiple opening profile table. 

Cross Section Placement Evaluation 

After the analysis was performed, the expansion and contraction reach lengths 
were evaluated using the regression equations outlined in the recent USACE 
document [HEC-1995] and which also appear in Appendix B ofthe 
Hydraulic .Reference Manual. These r~ach l_engths were evaluated for the 
main bridge opening during the largest flow event. However, the results from 
th'e regression equations did not provide reasonable results for the current 
example. One of the problems that arose was that the computed contraction 
reach lengths were longer than the expansion reach lengths. This is not 
reasonable because typica lly, the contraction reach length is shorter than the 
expansion reach length . This computed result may have arisen because the 
data for the example are not within the range of data used to develop the 
regression equations. The alternate equations, provided by the document, 
also produced inconsistent results . The regression equations were developed 
based on single bridge opening data sets. Therefore, they may not apply for a 
multiple opening bridge. The modeler shou}d always use engineering 
judgment to the r~sults obtained fr.om Jpe~e.;equ~tiqns . 

For this example, the reach lengths estimated at the beginning of the example 
will be used for the final analysis. These reach lengths were based on average 
expansion and contraction ratios for the main bridge opening. It was 
considered that these ratios pf.Q.Vided a re~sonable basis for estimating the 
expansion and contraction reach lengths. !~ .. should be noted that these reach 
iengths were significantly less than the reach lengths used in Example 2, with 
just the main bridge opening. With the multiple openings, the flow does not 
have to contract and expand as much as it would for a single opening. 

Water Surface Profiles 

From the main program window, select View and then Water Surface 
Profiles. This will result in the display shown 'in Figure 5.9 . The figure 
shows the three water surface profiles for the three flows of 5000, 10000, and 
14000 c.fs. By zoom.ing in on the multiple opening location, it can be seen 
that the water surface for the high flow dig not. over top the bridge decking 
and this was the original goal for installing the relief bridge and culvert 
group. 
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Figure 5.9 Water Surface Profiles for Modified Conditions Plan 
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Multiple Opening Profile Table 

To review the multiple opening profile table, from the main program window 
select View, Profile Table, Std. Tables, and then Multiple Opening. This 
will display the table shown in Figure 5.10. (Note: The tab le columns widths 
in Figure 5.1 0 were reduced to display the full table contents in the figure. 
Therefore, the column headings may not reflect the full descriptions.) 
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Figure 5.10 ~ultiple Opening Profile Table 

310.00 
700.00 

1678.45 

8.04 310.00 
31 0. 00 880.00 

1847.36 

As shown in Figure 5.1 0, the rows ih the table are divided into three groups, 
one for each profile. The first three rows are for the first flow of 5000 cfs, the 
second group is for the flow of 10000 cfs, and the third group is for the flow 
of 14000 cfs. The second column in the table displays the river stations and 
the type of the multiple opening, in the order as they were entered in the 
Multiple Opening Analysis Data Editor. The third column displays the 
total flow rate through each of the opening types. For example, during the 
first flow profile (5000 cfs), there was 106.28 cfs flowing through the culvert 
group, 4448.10 cfs through the main bridge, and finally 445.62 cfs through 
the rei ief bridge. The sum of these values equals 5000 cfs . 

The fifth column displays the calculated upstream energy gradeline elevation 
for each opening. During the multiple opening analysis, the program 
performs an iterative procedure to balance the upstream energy for all the 
openings. To do this, the program starts with an initial flow distribution 
through each opening and then calculates the upstream energy for each 
opening. If the energy values are within a specified tolerance (0.05 ft), then 
the solution is final. If the energy values for each opening are not within the 
specified tolerance, then a new flow distribution is estimated and the 
procedure is repeated, up to a maximum of30 iterations. To determine the 
ranges for the flow distribution, the stagnation limits are used. For a further 
discussion on the multiple opening solution scheme, the user is referred to 
Chapter 6 of the User's Manual and Chapter 7 of the Hydraulic Reference 
Manual. 

In reviewing the calculated energy gradeline values, it can be seen that for the 
three flow profiles, the energy gradeline elevations were balanced within the 
specified·default tolerance of0.05 feet. With these energy gradeline values, 
the program then calculates an upstream water surface elevation for each 
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opening by subtracting the velocity head from the energy gradeline. These 
water surface elevations are displayed in the sixth column. 

Finally, the last two columns of the multiple opening profi le table display the 
calculated left and right stagnation points. These stagnation points are the 
flow distribution limits that were determined by the program in order to 
balance the upstream energy grade lines. For the first flow profile, it can be 
seen that the flow distribution was established from upstream X-coordinates 
of 73.61 to 310 for the culvert, from 31 0 to 700 for the main bridge, and from 
700 to 1287 for the relief bridge. 

For the culvert, the program used a left stagnation point of73.61 feet. This 
value is the X-coord inate where the culvert water surface elevation of 213.22 
intersected the left side of the cross section. The right stagnation point for the 
culvert was determined to be 310 feet. Therefore, in order to balance the 
upstream energy gradelines, the program determined that the flow rate 
through the culvert required an upstream conveyance that encompassed cross 
section station 73.61 to 310 . 

\ 

Similarly, for the' first flow profile, the program determined that the flow 
through the main bridge opening would be from an upstream X-coordinate of 
310 to 700 and the flow rate through the relief bridge wou ld be from 
upstream X-coordinates of 700 to 1287. The value of 1287 is the X­
coordinate where the relief bridge water surface elevation of 213.23 coincided 
with the right edge of the cross section. 

Upon reviewing the left and right stagnation points for the third flow profile, 
it can be eernnat the stagnation poinf betweernhe culvert and the· maifl'­
bridge is a value of 3 I 0 feet as opposed to the previous value of 390. 
Therefore, in order, to balance t~e ups.tream energy grade line elevations for 
the three openings, a greater portion of the total flow was required to travel 
through the main bridge openi'ng during this higher flow event. Similarly, the 
left culvert stagnation point,and the right.r.eliefb.ridge stagnation point have 

' ...... l 

changed to reflect that the higher water s~;~rface elevations are approaching the 
limits of the cross section width. 

Finally, the Multiple Opening Profile Table P.~ovides ad~itional information 
such as the total cross sectional flow area and the top width of the effective 
flow. The descriptions for the column headings will appear in the dialog box 
at the bottom of the table when an entry in the specific column is selected. 

As discussed previously., the energy gradel ine elevations shown in the 
Multiple Opening Profile Table are the energy values for each of the 
openings, upstream of the openings. However, since the program is a one 
dimensional modeJ,_the program must determine.only one energy grade line 
value to use at the upstream cross section . To determine this energy value, 
the program uses a flow weighting method to deterr:nine the average energy at 
the upstream cross section. Then, this average energy is used to calculate one 
water surface elevation ,for the entire upstream cross section. To review the 
energy gradeline and ,wate: surface elevation.s rJlat: ;>¥~re used as the final 

·-, 
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answer for the upstream cross section, from the main program window select 
View, Cross Section Table, Type, and then C ross Section. Toggle to river 
station SAl (the upstream cwss seeti0n, for this example) and select profile 3. 
Th is will display the tab le as shown in ,}' igure 5.11. 

For the third flow profile, the program calculated that the upstream energy 
gradeline elevations for the culvert, main bridge, and relief bridge were 
216.55 , 216.58, and 216.57 feet1 respectively, as shown in the M ult iple 
Opening P rofile Table. However, as described above, the program can only 
use one energy grade line elevation at the upstream cross section. The flow 
weighted upstream energy gradeline elevation used for cross section 5.41 is 
shown in Figure 5. 11 to be 216.58. Additionally, the program had calculated 
the upstream water surface elevations for each of the three openings as 
216.54, 216.14, and 216.54, respectively, as shown in the M ultiple O pening 
P rofile Table." However, the program can only use one water surface 
elevation ·at the upstream cross section. To obtain this one water surface 
elevation, the program used the average energy value, subtracted the average 
velocity head for-the entire cross section of0.38, and determined that the 
upstream water surface el~vation was 216.20, as shown in Figure 5 .11. This 
water surface. elevation is calculated from the average energy of the upstream 
section. The actual water surface elevations at the bridge are more likely 
reflected by the values as shown in the M ultiple O pening P rofile T a ble. 

As a final component of the analysis, the flow distribution for the three 
openings was compared to the flow in ·the LOB, main channel, and ROB at 
the river stations upstream and downstream of the openings. From the 
M ul tiple O p_ening Profile Tap l~ (Figure 5.1 0), the flow for the third profile 
through the culvert, main bridg~; . ~nd r:elit.tLbridge were 567.05, 9953.13, and 
3479.82 cfs, respectively .' Since the culvert group is located in the LOB, the 
main .bridge is located over the m~in chann.el , and the relief bridge is located 
in the ROB, these flow values should_ approximate the flows in the LOB, 
maiJ;J .. c~.~~reJ~ .and ROB at riyer_~:tatj p~ , S·~ -~ .and 5.39. As shown in Figure 
5.11 , th~i flow~ fC?r the .third p'ro:fi)e in}he _LOB, main channel, and ROB were 
676.03 , 10182.89, and 3141.08 cfs, ryspec~ive,ly. Similarly, the flows at river 
station 5.39 were 705.59, 9931.64, arid 3362.77 cfs. These flow distributions 
are similar and reflect the transition of the flow rates across the cross sections. 

' '1 

I • 

~' '1. • 
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Iype Qptl0ns' f'lelp - 'h:'~ 

Beaver Creek'1 ~ 

ke'niW00d :,; 

... Fig«:Ji~S. ~~:r.Cross Section Table for Profile 3, River Station 5.41 

' . . ,-:. ,::. ~ 
'" 

'1~. "·f ~Ie-rne•··' -----~-~=~'S~~-. :_ .. ~n ·, ... ,.,_ ... 

The geometry ofE'xa~ple '2 · wasmodified to prevent weir flow from 
occurring over the main bridge· decking: · This was accomplished by defining 
a culvert group and a reliefbrictge on tlieleft and right side of the main 
bridge, respectively. These additional openings lowered the water surface 
upstream of the bridge so that weir flow .did not occur. Figure 5.12 shows a 
comgarison of the third water surface profile for the multiple opening and for 
the original river reach with just the main bridge. To develop the figure, select 
View and then Water-Surface Profiles from the main program window.' 
Then-select Optionrs arH:i.Ftiuis-ane -Ghoese both of the plans. Finally, 
Options-and Profi·~~s -W:~-r~cho~~n~11~-on-ly the third profile was selected to 
be plotted. This resulted~in the d i~.:pJay shown in Figure 5.12, which clearly 
shows that the modified cotrditiqns decre-as-ed the upstream water surface 
profite·sol'lratr icf w-eir flow occurred:· · - · __ .,. ____ _ 
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F.xample 5 Multiple Opening£ 

_Profile Plot · · &~x1~~ 
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Multiple Openings - Example 5 Plan: 1) Mult Open 2) Base 
Geom: Culvert Group + Relief Bridge Flow : Beaver Cr . - 3 Flows 

Beaver Creek Kentwood 
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Figure 5.12 Third Flow Profile for Base Conditions vs. Multiple 
Openings Plans 

After the analysis was performed, the user can review the flow parameters for 
the culvert and the rel'iefbridge and adjust the size of these openings to 
develop the most practical alternative to prevent the weir flow from 
occurring. To compare the results in tabular format, from the main program 
window select View and then Profile Table. Standard Table 1 was then 
selected from the Std. Tables menu. Finally, both of the plans and only the 
third profile were selected from the Options menu and this resulted in the 
table as shown in Figure 5.13 . 

By comparing the values in the table, the user can obtain required information 
to assist in the determination of any changes that may be necessary. For 
example, as can be seen in Figure 5.13, the change in the water surface 
elevation at river station 5.41 was 1.24 feet (from,217.44 to 216.20 feet) . The 
modeler can use this information to determine if any additional decrease is 
necessary . 

j_.! . 
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£lrr: Profile Output Table - Standard Table 1 ,')-jl:·:!~.r' 

[ lie Qptlons ~td , Tables ~ser Tables kocatlons tjelp 

HEC·RAS River Beaver Creek Reach: Kenlwood Prof1le· Ma 74 flood 

River Sta Plan 

Mult Open 0.26 
8e$e 218.14 9478.64 1987.41 0.21 I 

5.o61 M~lt 0 en 14000.00 204.15 217.03 21 4.37 217.1 5' 0.0008501 771 4.43 1884.21 1 0.27 

14000.00 204.07 217.90 214.40 217.97 0.000443
1 3.9 I 9425.36 1910.00 0.20 

0.0007781 1840.991 14000.00! 203.901 216.76 21 4.23 216.92 4. 99 7359.30 0.27 -
14000.00 202.70 216.20 212.87 216.58 0.0012291 5.641 3968.09 1836.33 0.33 
14000.001 202.70 217 42 212.24 217.66 0.000730 4.731 8956.80 1846.91 0.26 

I 
I 

\oiult Open , 

f,iult.Open 14000.00 . 202.70 215.55 212.62 215.96 0.001492 5.92 3813.96 1697 49 0.36 I 
Base 14000.00 202.70 215.62 212.26 216.04 0.001552 6.07 6632.25 1702.87 0.36 

! 

Kentwood 5.33' Mult 0 en 14000.00 202.76 215.26 212.53 215.42 0.001241 5 08 6206.99 1648.25i 0.32 
\ 

-1 
Kentwood 5,29 Mult Open 14000.00 202.80 215.03 211.45 215.16 00012531 4.62 1 5827.53 1608.29 . 0.30 

I 
5816.94.,... Kentwood 5.24" Base 14000.001 201.83 214.64 211.53 214.77 0.0013121 5.26 1 633. 3~ 0.32 

MlrltOpen 14000.ool 201.35 214.42 211.58 214.59 0.0015161 591 1 5778.93 1~··~ 0.35 
I 

14000.001 199.90 213.33 211.50 213.76 0.0025781 8.40J 5017.341 1430.09 0.46 
14000.00 199.90 213.33 211.50 213.76 0.002578 8.40 5017.34 1430.09 

I 

I 
I 
I 

Figure 5.13 Standard Table 1 for Base and Modified Plans, Third Profile 
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Example 6 Floodwav Determination 

EXAMPLE 6 

Floodway Determination 

Purpose 

This example demonstrates the use ofHEC-RAS to perform a floodplain 
encroachment analysis. Floodplain and floodway evaluations are of 
substantial interest to planners, land developers, and engineers, and are the 
basis for floodplain management programs. Most of the studies are 
conducted under the National Flood Insurance Program and follow the 
procedures in the "Flood Insurance Study Guidelines and Specifications for 
Study Contractors," FEMA 37 (Federal Emergency Management Agency, 
1985). 

FEMA 3 7 defines a flood way " ... as the channel of a river or other 
watercourse and the adjacent land areas that must be reserved in order to 
discharge the base flood without cumulatively increasing the water-surface 
elevation by more than a designated height." Normally, the base flood is the 
one-percent chance event (I 00-year recurrence interval), and the designated 
height is one foot, unless the state has established a more stringent regulation 
for maximum rise. The floodway is usually determined by an encroachment 
analysis, using an equal loss of conveyance on opposite sides of the stream. 
For purposes offloodway analysis, the floodplain fringe removed by the 
encroachments is assumed to be completely blocked. 

For this example, the floodplain encroachment analysis was performed to 
determine the maximum encroachment possible, constrained by a I foot 
maximum increase in water surface elevation from the natural profile. The 
geometric data used in this example are identical to the cross-section and 
bridge geometric data used in Example 2. 

To review the data files for the current example, from the main program 
window select File and then Open Project. Select the project labeled 
"Floodway Determination- Example 6. " This will open the project and 
activate the following files : 

Plan: 
Geometry: 
Flow: 

"Method 5 Encroachment" 
"Existing Conditions" 
"Base + I ft Target Depth" 
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Floodplain Encroachment A nalysis Procedure 

6-2 

Currently, the HEC-RAS program has 5 methods to determine floodplain 
encroachments. These methods are: 

Method I­
Method 2-
Method 3-
Method 4 -
Method 5-

User enters right and left encroachment stations 
User enters fixed top width 
User specifies the percent reduction in conveyance 
User specifies a target water surface increase 
User specifies a target water surface increase and 
maximum change in energy 

For a detailed discussion on each of these methods, the user is referred to 
Chapter 9 of the Hydraulic Reference Manual . 

The goal of performing a floodplain encroachment analysis is to determine 
the limits of encroachment that will cause a specified change in water surface 
elevation. To determine the change in water surface elevation, the program 
must first determine a natural profile with no encroachments. This base 
profile is typically computed using the one percent chance discharge. The 
computed profile will define the floodplain, as shown in Figure 6.1. Then, by 
us ing one of the 5 encroachment methods, the floodplain wi ll be div ided into 

tJ. Water Surface 
Natura l Water Surface 

Floodwa)' ... 
-4-- F_Io_od_wa_ y_ .,.., . Frmge )o-

14------'------'-'.L....--'-'....___-'----~....L.--'-'-"' ~ . 

,· , ~ t oq (~y~~~_{.\qoqp l~ i"\ 1 qc•· ·,·,::·'t"' 

Figure 6.1 Floodway Definition Sketch 
:' 

' ' I. 

Cross Section 
View 

Plan View 
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Example 6 Floodway Determination 

two zones: the floodway fringe and the floodway. The floodway fringe is the 
area blocked by the encroachment. The floodway is the remaining portion of 
the floodplain in which the one-percent chance event must flow without 
raising the water surface more than the target amount. 

For this example, the following procedure was employed to perform the 
encroachment analysis: 

• 
• 
• 
• 
• 
• 

Determine the I 00-year flood profile 
Method 5 optimization procedure 
Method 4 - with 3 target depths 
Method 4 - with 1 target depth 
Method I - final delineation of flood way 
Review of flood way . delineation sketch 

To perform the floodplain encroachment analysis for this example, the first 
step was to develop a model of the river reach that wou ld compute the I 00-
year flood profile. This model must be developed and calibrated to the fullest 
extent possible because it defines the base flood elevations and all subsequent 
calculations will be based upon this profile. This was accomplished in 
Example 2. 

After the base profile was computed, the Method 5 procedure was chosen as 
an initial attempt to calculate the encroachments. Method 5 will typically 
calculate reasonable encroachment stations for "well behaved" streams. That 
is, for streams that exhibit minor changes in cross section geometry and have 
small losses due to bridges and culverts. If the river reach has abrupt changes 
in geometry or orientation, contains a flow controlling structure, or the 
encroachments encounter the main channel bank stations, then Method 5 may 
produce erratic .results at these locations. ,,, ~ ,. ~ .. 

IfMethod 5 produces inconsistent results, then Method 4 may be utilized. 
Method 4 is frequently used for a floodplain encroachment analysis. The 
initial approach is to use this method with several target water surface 
increases. 

Finally, after the results are obtained from the Method 4 analysis, Method I 
was us·ed to further refine the encroachment stations. The modeler should 
sketch the floodway on a topographic map to visually inspect the floodway 
and allow for smooth transitions. The computed floodway is considered 
preliminary, in that the regulating community must approve and adopt. 

Each of these steps, as performed for this example, are discussed in detail in 
the following section~. .. . .. ,, . ·,-

·J . ' ·-
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Base Flood Profile 

To perfonn the flood way analysis, the user must first determine the natu ral 
(existing conditions) I 00-year flood water surface profi le for the river reach. 
Therefore, a model of the existing river system must first be developed and 
calibrated to the fullest extent possible. 

For this current example, the river reach and bridge geometric data of 
Example 2 were used. During Example 2, the HEC-RAS program was used 
to develop a calibrated model of the "Kentwood" Reach of Beaver Creek for a 
flow of 14000 cfs. During the analysis ofthat flood event, it was determ ined 
that the pressure/weir method produced water surface values that were 
comparable to the observed data. Verification that the model is adequately 
modeling the river system is an important step before starting the floodway 
analysis. For this example, the pressure/weir geometry file from Example 2 
was used. This fi le was renamed to be "Existing Conditions" and was used 
for all of the plans developed here. 

Method 5 Optimization Procedure 

6-4 

In general , when performing a floodway analysis, encroachment Methods 4 
and 5 are nonnally used to get a first cut at the floodway. For this example, 
Method 5 was used as an initial attempt to determine the encroachment 
stations. Encroachment Method 5 is an optimization scheme that wi ll use a 
target increase in the water surface elevation and/or a maximum limit for the 
increasein energy to ol5ta1n the-ehcroachrhe-nt stations. The program will 
attempt to meet the target water surface while mai ntaining an increase in 
energy th,at is less than the maximum. 

Method 5 Steady Flow Data 
. ' I 

~ • ' ' ~ \I ' \I )• f \ l . ' ' . ' 

To perform the Method 5 encroachment analysis, the flow data were first 
entered. · Fr'om. the m~in prqgr~~ ~indow, sel~ct Edit and then Steady Flow 
Data . Th is activated the Steady Flow Data Editor. For the Method 5 
analysis, 2 water surface profi les were chosen to be calculated. The first 
profi le was' tised to dete.rrni~e the 'base' profile and the second profile was used 
to determine the encroached profile. The flow values for both of the profiles 
were entered as 14dbo cfs,' 'tne flow vafue that' tpe 'nfodel was calibrated. 
Then,,the.Boundary :ton.ditions icon was s'e1ecte'd and the Downstream 
Known Water Surface e'levations were entered as 21 1.8 and 212.8. The first 
downstr~arh boundary ~ondition (211.8) was d'etepnined during Example 2. 
The second downstream boundary condition (2 12.8) was set at I foot h igher 
to coincide with the ma{ imum· possiole' cliange ln ~ downstream water surface 
elevation. This accounted for the possibility of future encroachments 
downstream ofthe modeled reach. Finally, the steady flow data was saved as 
"Base + 1 ft Target Depth." 
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Example 6 Floodway Determination 

Method 5 Encroachment Data 

To enter the data for encroachment Method 5, from the main program 
window select Run, Steady Flow Analysis, Options, and then 
Encroachments. This will activate the Encroachments Data Editor as 
shown in Figure 6.2. The editor and the entering of data is divided into the 
following sections: global information; reach and river station information; 
and method and target values. The following sections describe each of the 
data entry items. For a further discussion of the data entry procedure, the user 
is referred to Chapter 9 of the User's Manual. 

Encroachments · . '<>i.~~ 

Figure 6.2 Encroachment Data Editor - Method 5 Analysis 

Global Information. The global information is applied to all of the reaches 
and cross sections that will be selected for the analysis. The first input for the 
global information is the Eq u~l Conveyance Red uction box. If this box is 
se lected, then the program will encroach by simultaneously remov ing an 
equal amount of conveyance on both sides of the main channel. As the 
amount of conveyance is removed, if one of the encroachments reaches the 
main _channel bank station (or the offset), then the program will continue to 
encroach on the other side until the target values are obtained or until the 
encroachment on the other side r.eaches the main channel bank station (or the 
offsetY If the equal convey'ance box .is not selected, then the program will 
encroach by maintaining a loss of conveyarice in proportion to the distribution 
of the natural overbank conveyance. The equal conveyance reduction applies 
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to Methods 3, 4, and 5; and, for th is example, the option was selected . 

The next global information items are the Left bank offset and the Right 
bank offset. These offsets limit the distance·ofthe encroachments. Without 
an offset, encroachments can go up to the bank stations, eliminating the entire 
overbank. For this example, the offsets were set to be I 0 feet for both the left 
and right bank. Therefore, the lim it of encroachment was I 0 feet to the left of 
the left channel bank station and I 0 feet to the right of the right channel bank 
station. 

Reach and River Station Information. The next items to select in the 
encroachments editor are the River and Reach that will be analyzed . For this 
example, there is on1y one· fiver and reach: the "Kentwood" reach on the river 
"Beaver Creek." Next, the Starting River Station and Ending River 
Station were entered. The analysis was set to begin at river station 5.99 and 
end at river station 5.00, the entire river reach. Finally, the Profile was 
selected. For a Meth<?d 5 analysis, only 2 profiles are necessary . The first 
profile wi ll be used to determine the base water surface profile and cannot be 
selected in the encroachments data editor. The second profile is selected to 
be used for the Method 5 analysis. 

Method and Target Values. Method 5 was selected for this analysis. 
When a method is selected, the data entry fields required for that method will 
appear immediately under the method field. For Method 5, the fi elds Target 
WS change (ft) and Target EG change (ft) appeared. A target water surface 
change of 1.0 foot and a target energy change of 1.2 feet were entered. 
Typically, the energy target will be chosen to be sl ightly greater than the 
water:.stlrface-ta:rget- T-he-energytargetwiH-act-a:s-an-upper ·l im it durin g the 
iterations to prevent the encroachment from getting very large. 

... 
The next step is to select the range of the river reach that will be analyzed, for 
the target _Y,~l~ysJp~~.~~r~, ~nty~~d ... ror;,this._e~~mB~~' the, Set Selected Range 
button .wa~ .seleqted an~ this app l i~p Method 5. and the chosen targets to the 

' • • .-, • f \. ' 1.... I ' ' ~ . ,. ' .._. • 

selected range of riv.er. stations 5.99 to 5.00 for the.Beaver Creek reach. By 
selecting this button, the flelds jn the ~bl~ were fiil~d with the corresponding 
method and values . (n the table·, since Method ·5_was selected, the heading 
Value 1 cor,r.esponds to tbe target-wat~r surjjacl;l. :<;:~~nge and ·Value 2 
corresponds. to the target energy change. When other methods are selected, 
the value I and value 2 columns will represent the specific data input items 
for t~e fP~.~hR<;l; c(No.~~; ~~11\e ,m ~h.9ds ,only ;~quir~ I, value.) As a final note, 
the user cappQ~,~dit ~h~ data . ta~le an~ qhap.ge ;:t~~ of the methods and value 
items for any, speci4c river station. For this example, the table was not edited 
at this time. .. · ' .. · . 

The OK button was then sefected at the bott0m ofJhe encroachment editor. ,. . ' ... 
This prompted the Steady Flow Analysis Window.,to appear. Then the 
geometry fi le "Exi~ting Conditions'.' and the steady flow file "Base+ 1 ft 
Target Depth" wer·e saved as the,plan .'~Method 5 Encroachment" Finally, the 
Short II) was entered as ."ly15," and the COMPUTE button was selected fo r 
the subcritical flow analysis. 
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Method 5 Output Review 

The output of the encroachment analysis can be viewed both graphically and 
in tabular format. For this analysis, the encroachment data tables were 
reviewed . From the main program window, select View, Profile Summary 
Table, and then Std. Tables. The program generates 3 encroachment tables, 
with each table providing some of the same information and additional data. 
For this analysis, select Encroathment 1: A portion of this table is shown in 
Figure 6.3. The figure displays the bottom portion of the table. 

The table is divided into sets of rows, with each set containing two rows. The 
first row in each set is for the un-encroached profile and the second row is for 
the encroached profi le. Columns one and two show the reach and river 
stations and the third column shows the calculated water surface elevation . 
The fourth column shows the difference between the first profile and each of 
the encroached profiles. Starting at river-station 5.00 (at the bottom of the 
table), the difference in the water surface elevations for the encroached 
profile is 1 foot because the downstream boundary condition set the elevation 
change of I foot. 

~ -- . -· ... -~ -.., -·- ..... ·----- ~-

Review of the method 5 results shows that the method provided reasonable 
results up to the bridge to river station 5.39 . However, at the bridge the 
method produced a negative surcharge. Further upstream, the encroachment 
method produced results up to the 1.0 foot allowable rise. This method had 
difficulty determining the encroachments around the bridge because the 
bridge hydraulics performed like a local control. This will be discussed 
further in the Method 4 analysis . 

From the analysis of. the Meth'od 5 'o~:~tput, it was determined that the results 
wen( not acceptable upstream of the bridge and an alternate procedure should 
be Hwn, undertaken .. T~~ resl!lts frorn Metho~ 5 up to the bridge could be 
used as ·a .starting point for futur:e analysis with a different method. 

, .... 

' ._. 

. :· ...... ; .. . : .; --i. .. .: ~ .. , 

. I 

·.- "' • .: •• -:+--) • • 

.. - ., . 
~ . ... ' ' -· '• ._ _ _.. •-4~,..,.1..4_. •.0·-- ..... L ... ..... ... . _..,_,_.,,_, __ . 
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!llf Profile Output Table - Encroachment I . . · :~ .. "'- -, 

E~e Qptfons !i,td, T~bles User Tebles ~ocetlons . I:J.elp 

I Reach 

'i:entwood 5.4 217.42 1846.91 
978.55 

823.58• 10817.35T 2302.59! 647.00 
Kentwood 5.4 BR U 217.35 -0.07 217.72 26~.5M 12034.891 1~..:.~ 313.68 647.00 1292.23 

217.661 -
-0.07 217.72 

Kentwood 5.4 8 R D 217. 42J 
Ken wooo 5.4 BR [1 217.35 L_ 

1924.00 
978.551 

832.s3! 10864.91 j 2246:oar -· 45o.oo 
273.97• 12041 .121 1684.81 : -313.681 450.00 

647.00 
647.00 1292.23 

215.-sr--

216.29' 0.68 
216.04 
216.74 

1702. 8~-io73.66 t- 10252.91 267~-.._ 45o.oo 
978.551 505.37, 10972.081 2522.55 313.68 450.00 

21 4.64r 214.77 1633.33 2335.771 250642 ~ 9157_s;-J- 20o30i 

I I 

647.00 
647.00 1292.23 

257.00 
257.00 1067.39 

213.00 

215~-o.ss+ 215.74 -- 9s1 .7or2 os7.oor 2398.~- 9514.761 s5.7o 2oo:301 

213.331 213. 76f 1430.09 1102.711 4951 .39j 7945.901 155.00 
l """'~'=i-.=;,;'="=t- 21 4.33+ _ _ 1.00 214.94 515.12 216. 4~ 58817_?[_2_899Bl_ 145.00 155.00 

212.541 ~~88r-- 1781 .77 1624.371 5359.39 7016.24 

21300 660.12 

274.501 365.50 
274.501 365.50 906.65 213.54 ~- 00 +- 214. 0~1- __ 642.15t 1_6~71 1 6493.481 ~338~?: 2~.50 

I-:-:-=..,.,+=-:-'-~- 21 ;-:eot- -- 2217.7:f 5187.01 6595.27 394.00 
394.00 21ill 1.00 127.691 6544.90 7327.41 384.00 

Figure 6.3 Encroachment Table 1 for Method 5 Analysis 

Method 4 Encroachment Analysis - Trial 1 

6-8 

An'· aiieinativte''approach to perform the encroachment analysis is to use 
ryte~~p~,.~ } ;;r~~ M.yt!1o.d 1 apa)y~i.~ ~$- ~\-mil~':,.~o. h'fet~od,5 1 .. \}'~th,out t~e · 
iterative so lution technique. To perform the .Metnod 4 analy'sis, the program 
uses the following procedure: -- · 

I) First, the program computes the base water surface profile by using the 
data from the fi rst profile in the steady flow .data editor. With this profile, the 
program calculates (among other parameters) the water surface profile and 
the conveyance for each river station. 

2) For the second profile, starting at the first river station, the program takes 
the user supplied target water surface increase and adds this value to the base 
water surface elevation. With the increased water surface elevation, the 
program calculates the new conveyance at this river station . (Note: The first 
river station is located at the downstream end of the river system for a 
subcritical flow analysis.) 

3) The program then determines the increase in conveyance between the base 
profile and the increased water surface profile. One half of this increase in 
conveyance will be removed from each side of the cross section fringe, if the 

I 
I 

I 
I 

I 
I 

.: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Example 6 Floodwav Determination 

eq ual conveyance option was selected. If the equal conveyance option was 
not selected, then the program will remove the conveyance from both sides in 
proportion to the natural conveyance. In either case, the difference of 
conveyance will be removed from the cross section, if possible. 

4) To remove the conveyance, the program starts at the limits of the increased 
water surface profile and encroaches on both sides towards the main channel. 
As the conveyance is removed from both sides, the program checks to 
determine if the encroachment has reached the main channel bank station (or 
the offset) on that side. If the main channel bank station (or offset) is 
encountered, then the program will stop encroaching on that side and will 
make up 'the difference on the other side. Tfthe encroachment on the other 
side encounters the main channel bank station (or offset), then the program 
can no longer continue to encroach. 

5) Once the increase in conveyance has been removed from the cross section, 
with the ~igher water surface elevation, the encroachment stations are set. 
Also, the conveyance at the cross section with the higher water surface is now 
the same as the original conveyance at the cross section (if possible) . Then 
the program uses the new geometry of the encroached cross section to 
determine the depth of flow at that cross section . Since the geometry of this 
river station has changed, the value of the friction slope and velocity head 
wi ll change.' Also, the magnitude of the expansion or contraction losses will 
change. Therefore, when the program calculates the water surface e levation 
with the new geometry, the depth of flow will typically be different than the 
target value entered by the user. In other words, even though the total 
con.veyance .. is the .s.~me.at thi~ river st~tl<in; the g_eometry, friction slope, and 
energy losses are different and this will produce a different flow depth at this 
river station . Often, the resulting depth of flow wi II be greater than the target 
increase in water surface elevation. Therefore, the first run with Method 4 is 
typically applied with several target values, usually smal ler than the 
maximum mcrease. 

6) The program then moves to the next river station and steps 2 through 5 are 
repeated . This process continues until the last river station is evaluated. 

Method 4 Steady Flow Data - Trial 1 
·!'' 

To p.erform the Method 4 encroachment analysis, the flow data was first 
entered . The Steady Flow Data Ed'itor was activated and 4 water surface 
profiles were chosen to be calculated. The first profi le is still the base profile. 
The second, third and fourth profiles were used to determine the encroached 
profiles with different target depths'. The flow values for all of the profiles 
were entered as 14000 cfs, the I percent chance flood event. Then, the 
Boundary' ~onditi ons icon was selected and the Downstream Known 

Water Surface elevations were entered as 211.8, 2 12.8, 21 2.8, and 212.8. 
The first downstream boundary condition (211 .8) was determined during 
Example 2. The other downstream boundary conditions (212.8) were set I 
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foot higher to coincide with the maximum possible change in downstream 
water surface elevation. This accounted for the possibility of future 
encroachments downstream of the modeled reach. Finally, the steady flow 
data was saved as "Base+ 3 Target Depths." 

Method 4 Encroachment Data -Trial 1 

The Method 4 encroachment data were then entered, similar to that for 
Method 5. First, the Encroachment Data Editor was selected from the 
Options menu of the Steady Flow Analysis window. The encroachment 
editor is shown in Figure 6.4. Then, the global information of equal 
conveyance reduction and a I 0 foot left and right offset were selected. The 
reach was selected as "Kentwood" and the starting and ending river stations 
were set as 5.99 and 5.00, respectively . Next, profile 2 and Method 4 were 
selected. Since Method 4 was chosen, th is caused the data entry box Target 
WS change (ft) to appear. A target value of 0.8 feet was then entered and 
the Set Selected Range button was chosen. This filled in the table with the 
Method 4 and 0.8 foot change in water surface for the entire reach. Finally, 
the target value for river station 5.00 was changed to 1.0 foot. This will 
assume that the encroachment matched the target water surface of the 
downstream boundary condition . If the modeler is aware of the actual water 
surface increase at this river station (from other encroachment analyses), then 
this value should be used. Typically, this information is not known and 
therefore the modeler should include river stations below the area of interest 
so that the boundary conditions do not effect the region of the study. 

Next, Profile 3 was selected by depressing the down arrow adjacent to the 
profile-field-:- Then Method· 4 was -chosen and a arge-t WS change (ftfof 
0.9 feet was entered . The Set Selected Range button was selected and this 
filled in the table with Method 4 and. target values, of 0.9 feet for the selected 
range. Then, the target value at river station 5,00 was changed to 1.0 foot, as 
performed-previously. This procedure was repeated once more with the 
fourth profile for Method 4 and a target water surface change of 1.0 foot. The 
user should note that this method only requires one data input item and , 
therefor-e the Qlita 'w iJJ A..QPear ; u}le~rL,Yalue_ l "-0f·the table. The OK button 
was then selected to close the encroachment editor. 

·~ . 
Finally, the geometry, file.'.',Existii)g,Conditions:' and the steady flow data file 
"Base+ 3 Target Depths". were saved as a plan entitled "Method 4 
Encroachment- Trial 1." The Short ID in the Steady Flow Analysis 
Window was enter,ed a~ ;'M4- Trjal , 1. ~· ,Thi~Jd.entification will assist the 
user wh~n ana!yzj!lg. the o,utput. Then ~he co~pTE button was selected 
to perform the calculations. 

' 1 J1t J •• 

I • 

. .. • "~I .. ; . t 1 . . • . I ' .• I ~ r -·-
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Example 6 Floodway Determination 

Figure 6.4 Encroac.hmeilt Data Editor for.Method 4 - Trial 1 

. ' 

Method 4 Output -Trial 1 
• I ' ' , ~) I 

I 
To review the output, the Enc'roac~ment.l table was selected and a portion 
or rn· i{1ible ~i·s 'silowh an~· i g.~r~ns :·s: llFor eacil"river station, there are four rows 

. \ I f ... ;);, '' ' • il , . ' • ) i"··'' I' 1 ,-~ ' 

of data in the tab le. · The first 1'ow' ls for the natural , un-encroached profile. 
The ·seco·nd, thj~d, arid fourth rows are for the second, third, and fourth 
profiJ.es .. ·These profiles w'ere sel with target values of 0.8, 0.9, and 1.0 foot, 
respectively (ekcept foFthe· fi'rst.riv~r .statioh which had a constant target of 

~ . . (.' ~ ! ' 
1.0 foot) . The firsfnon'=fixed column of the table shows the water surface 
elevat.ion for each p(ofile. , l'he secgnd cQlu!Tin qisplays the change in water 

' . '.. ~'-# - lo. ~ 1 ... '!'· ~ t ~ . 't • 4 f • l 

surface from the mitural profile for the encroached river station. Additional 
column headings show'the calcu'lated value ofthe energy gradeline, flow, 
calcu lated encroachment stations (by toggling to the right in the tab le), etc. 

<I··· •' , 

Depending upon the required information, the user can select one of three 
encroachment tables. Further discUssion of the encroachment tables is 

• '· . ~ . .... . f t 

presen'te.d in Chapter 9 of the User's Manual. 
I )'t: !, , ,.., .. _ ... • 

. • J 
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Figure 6.5 Encroachment Table 1 for Method 4- Trial 1 

For this review of the first run of Method 4, the main concern is with the 
change in water surface elevation. The encroachment process and resulting 
water surface elevations were determined using the 6 steps as described 
previously at the beginning of this section. For river station 5.00, the change 
in wafer·s urface was 1.0 foot for all of the target values because the 
downstream boundary conditions were set to be I foot higher than the base 
profi le. At river station 5.13 , the changes in water surface were 0.94, 0 .97, 
~Qdr~ QJ ~J~~tf9!5 t!')~·itaJget values of 0.8, 0.9, and '1.0 feet. This shows that 
the actual resu lting water surface is generally greater than the target values. 

FtJt:tp~r rt;~X}~~~ 9.t t~~ ~~q~p,~hS>'!:Y.$ j thr , y.,~riR.p~.r~.~,~Jti~g .. f ater surface 
elevatiOns, for the target depths. c· ; -:~1 : , ·--. -·--- -- ·-.\.--- ·----·-- _ ___, ___ , ______ _ 

,._ .,- ' I -.; ,.· •)'" .·,: ' 

To continue the encroachment analysis process, iMethod 4 analysis was 
again calculated, how~ver this w~s performed with on ly 1 target depth for 
each river station. The target depths that were 'used in the subsequent analysis 
were the target depths that resu lted in a water surface change as close to 1 
foot without exceed-ing 1 foot. For example, at river station 5.13 , the 
resulting change in water surface that i·s as close to 1 foot as possible without 
exceeding 1 foot is 0.97 feet. This value was obtained from a target increase 
of 0.9 feet from the third profile. Therefore, for the next trial, a target value 
of 0.9 was used at river station 5.13 . Likewise, a target of 0.80 was used at 
river station 5.24* because this targetyielded a change in water surface of 
0.94 feet. Tab le 6.1 shows the values that were used for the subsequent 
analys is . 
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Table 6.1 Selected Target Values 

Station Target !:J. WS from Trial I 

5.99 1.0 0.86 
5.875* 1.0 0.67 
5.76 1.0 0.58 
5.685* 1.0 0.52 
5.61 1.0 0.49 
5.49* 1.0 0.43 
5.41 1.0 0.17 
5.40 (Bridge) 1.0 0.17 
5.39 0.9 0.95 
5.24* 0.8 0.94 
5.13 0.9 0.97 
5.065* 1.0 1.00 
5.00 1.0 -.;.~;..;r .. ...... 

It should be noted that for the bridge river station (5.40), the user can only 
enter one target value into the encroachment data editor. Therefore, only one 
target value appears in Table 6.1. Additionally, since the pressure/weir 
option is being used as the high flow analysis method, the program will use 
the encroachments calculated at river station 5.39 as the encroachments for 
river stations 5.40 and 5.41. This will be discussed further in the proceeding 
section and additional discussion is provided in Chapter 9 of the Hydraulic 
Reference Manual. 

Method 4 Encroachment A·nalysis - Tria l 2 

The next step to define the encroachments was to again use a Method 4 
analysis, but with only 1 target dept~ for each river station. To perform the 
analysis, a steady flow data file was first developed and then the 
encroachment data were entered . Fipally, this section will review the output 
from the second run using the Method 4 analysis. 

. . 

Method 4 Steady Flow Data ~ Trial 2 

Since this analysis only requires tw,o profiles, the steady flow data fi Je as 
developyd for. the Metho~ 5 analysis was used. This file, "Base+ 1 ft Target 
Dep111,"'' inc1uaed ·a-riry 2 pro"files (14000 ·crs-eacli) and had the downstream 
·known 'water surface boundary con~itions set.at 211.8 and 212.8 feet. 
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Method 4 Encroachment Data -Trial 2 

To enter the data for the second Method 4 analysis, the Encroachment Data 
Editor was activated from the Steady Flow Analysis Window. This 
encroachment editor is shown in Figure 6.6. As entered prev iously, the equal 
conveyance option was selected and a left and right offset of I 0 feet were 
entered. The reach of "Kentwood" was selected (the only reach in this 
example) and the starting and ending river stations were 5.99 and 5.00, 
respectively, which included the entire river reach. Then the profile was 
selected as 2 (since the first profile is used to calculate the base profile). 

For this analysis, Method 4 was selected for each river station and the target 
water surface alues for each river station were obtained from Table 6. 1, as 
discussed previously. At this point, the user can enter the data directly into 
the table. A 4 was placed adjacent to each river station under the "Method" 
column and the target values for each river station were entered directly into 
the table under "Value 1," a portion ofwhich is shown in Figure 6.6. (The 
remaining values can be observed by using the toggle arrows on the right side 
of the editor.) Finally, the OK button was selected to exit the data editor. 

Encroachments _ . _;$,Z · 

X Eqwal Conv.eyance RedUotioh 

Figure 6.6 Encroachment Data Editor for Method 4- Trial 2 
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A new plan was created with the geometry data file "Existing Conditions" 
and the steady flow data fi le "Base+ 1 ft Target Depth ." These files were 
saved as the plan "Method 4 Encroachment- Trial 2." The Short ID was 
entered as "M4 -Trial2" and the COMPUTE button was then selected. 

' Method 4 Output -Trial 2 · -- --· ·· 

The output from the encroachment analysis can be viewed in either tabular or 
graphical form. For a tabular review, the user can select from I of 3 tables 
defined by the program (or the user can create a table). For this review, a 
portion of the Encroachment 1 Table is shown in Figure 6.7. (Note: The 
flow columns have been removed from the table in the text.) 

As described previously, the first non-fixed column is the resulting water 
surface elevation anq the second column is the difference in the water surface 
profile from the first profile. The goal of this analysis is to determine the 
encroachments so that the resulting water surface does not change by more 
than I foot. As can be seen by the results in the table, the change of water 
surface for river stations 5.00 and 5.065* are both 1.00 feet. For river station 
5.13 , the change in water surface is 1.01 feet. This value was obtained with a 
target value of 0.9 feet. Therefore, to decrease the resulting water surface 
elevations at this river station, the target value for this river station must be 
decreased and a subsequent Method 4 analysis performed. This iterative 
process of changing the target values and reviewing the output can determine 
the tloodway that will result in a change of water surface less than I foot. 

When performing a subcritical flow .analysis, the user should begin this 
iterative process at the downstream cross section and work upstream. 
Additionally, the user should not attempt to adjust a large quantity of target 
values lit the same time, For this example, the target values for the river 
stations below the bridge (5.00 ·through 5.29) were adjusted first. Then the 
bridge section was analyzed ;tnd finally the upstream river stations were 
adjusted , This procedure will allow the user to focus on specific river 
sections and adjust these target values before moving onto the further 

• • I 
upstream nver statiOns. · -· · -----

t. ·--· ~ -
., 

0 '. , , 

., . 
I :• 
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Figure 6.7 Encroachment Table 1 for Method 4- Trial2 

As an additional review ef-t-he-encroachment-1-tabk; it can be seen that the 
left and right encroachment stations that were calculated for river station 5.39 
were 440.00 and 1144.54. These encroachments were then used for river 
statio.ns 5.40 and 5.41. This is a default method for the program since the 
pres§~1te/J:tii} 'methoa was used for the bridge high flow analysis. If the 
energy method had been used, then the program would allow for separate 
encrO'a hrrtl~fif' stltioris thrbli~hout the l1ridgl:··· ...... ~~· ,-j ~:;,;~., ~ ,., • ' .. 

Finally, the left encroachment station of 440 at river station 5.39 is 10 feet to 
the left of the main channel bank station. Therefore, the program encroached 
up to the left offset on this side of the main channel. (This also occurred at 
river stations 5.00, 5.065*, and 5.13.) If the offsets had not been used, then 
the left encroachment would have continued up to the main channel bank 
station. When this occurs, add itional wetted perimeter will be added to the 
main channel. This will cause the conveyance ofthe main channel to 
decrease and the total loss of conveyance at the cross section may be greater 
than if the encroachm'ent did not encounter the niain channel. Therefore, this 
may reduce the amount of encroachment on the right side of the channel since 
an additional loss of conveyance had already occurred . 
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To determine the percent reduction of conveyance removed from each side, 
the E ncroachment Table 2 can be viewed. A portion of this table is shown 
as Figure 6.8 . From the tab le, it can be seen that for river station 5.00, an 
approximately equal amount of conveyance was removed from each side of 
the main channel (15.43 and 15 .53 percent for the left and right sides, 
respectively). This occurred even though the encroachment encountered the 
left offset. However, for river station 5.065 *, the encroachment also 
encountered the left offset but the percent reduction of left and right 
conveyance is not equal. The percent of conveyance removed at river station 
5.065* is 10 .79 and 18.89 for the left and right sides, respectively. This 
implies that after the left encroachment reached the left offset, the program 
needed to remove an additional amount of conveyance from the left. 
Therefore, the program removed that amount from the right side in addition to 
the amount required to be removed from the right side. This caused the 
percent of conveyance removed to be unequal on both sides of the main 
channel. 

§.Profile Output Table- Encroachment 2 .. ,.;·-~~A. 

\~le Qptlons 2td. Tables !.J.ser Tables Locations tielp 

HEC·RAS Plan: M4 • Trial2 River. Beaver Creek Reach: Kentwood 

Reach River Sta 

Kentwood 5. 4~ BR D 1824.001 548.50 
!Kentwood 5.4 BR D 0.10 -- l04.54j 440.00 108.50 548.50 596. 0!~ 1144.541 704.54 

Kentwood 5.39 1702.87 548.50 
Kentwood 5.39 0.93 704.54. 8.58 440.00 -- -l 108.50 548.50 596.04 1144.54 11 .79 . 704.54 

Kentwood .5.24' 1633.33, 228.65 
Kentwood 5.24" 1.02 725.75 1 11 .39, 159.15 69.50 228.65 ~5§. 26 , 884.91 11.39 725.75 

J ; 

Kentwood 5:13 1430.09 184.00 
Kentwood 5.13 1.01 563.78 6.491 145.00 ' 

' 
39.00 184.00 524.78 708.78 18.43 r 563.78 

Kentr;ood 5.065• 1781.771 320,QQ - . 
Kentwood 5.065" 1.00 640.481 10.79 264.50 55.501 320.00 584.98 / 904.981 18.89 

' 
640.48 

1925.36l 
I 

Kentwood 5. o ·~ 456.00 
Kentwood 5.0 1.00 912.57! 15.431 384.00 n.ool 456.00 840.57 1296.57 15.53 

Difference in WS between cunent profile and WS for f~;t profie. 

Figure 6.8 Encroachment Table 2 for Method 4- Trial2 
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To further define the encroachments, an iterative process was perform ed by 
changing the target values at the river stations and then executing the Method 
4 analysis. Before the iterative process was started, the data was saved as a 
plan entitled "Method 4 Encroachment- Trial 3." Then, as mentioned 
previously, the iterations were performed first for the river stations below the 
bridge (5.00 through 5.29), then the bridge vicinity was analyzed (5.39, 5.40, 
and 5.41), and finally the upstream river sections were evaluated (5.49* 
through 5.99). The target values and resulting rise in water surface which 
yielded the most practical results are shown in Tab le 6.2. 

Table 6.2 Final Target Values 

tation 

5.99 
5.875* 
5.76 
5.685* 
5.61 
5.49* 
5.41 
5.40 (Bridge) 
5.39 
5.24* 
5.13 
5.065* 
5:0Q a r 

Target 

0.60 
0.95 
1.40 
1.80 
2.00 
2.00 
1.10 
1.10 
1.10 
1.05 
0.80 
0.95 

1:!. WS for M4 -Trial 3 

1.00 
0.99 
0.87 
0.72 
0.63 
0.~4 

0.12 
0.12 
1.00 
1.00 

---·-·-~--

1.00 
1.00 

- ['·:~t-eo~ 

, I-,, . .' '1 "' 1
1 t • 

The final target water surface va lues used and the-resu lting change in water 
surface are li~ted in ,T~abte 6.2. _ These _yal ues ,~ef@J:>btai ned from the 
Encroac4,~ent1 ;:I:~R~~ 1 ·~ ,di~:q~~~~~ 1previ-9.ttsl.y : . 11, •• 

. ;• .... ,. 
In the vicin\ty , o(th~ ·b-~!dg~, a targ~t ·value of},.) , foo_t at ri ver station 5.39 
Uust downstream of the bridge) was found to result in the most pract ical 
encroachments through .!he bridger .Jf ~ h!gh~_!_" F~~get value was used, the 
program .would encroach further towards the inaiT) channel and a slightly 
higher water surface value wou ld be obtained at river stations 5.39, 5.40, and 
5 .41. If the encroachments at the bridge were moved c loser to the main 
channel, then .this -'f.~uld ,f!Jrtbo/1 - ~qcre~~e,the upstream water surface. The 
increase in upstream water surface is in effect before the upstream 
encroachments are 'Calculated. Therefore, th-e uffstf·eam encroachments are 
limited f!:om_ ~he s~J! _b_ecause the upstream wat_e!:_i u!Jace e._l~~ation_ is already 
greater than the riati.iri:tl profile. - ---
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Example 6 Floodway Determination 

As the target value at river station 5.39 was increased beyond 1.1, the 
program could only provide minor e11croachment distances at river station 
5.49*. This created an erratic transition in the floodway at river station 
5.49*. As a compensation between the bridge encroachment constriction and 
initial upstream rise, the target value of 1.1 foot at river station 5.39 was 
determined to be most practical. 

Additionally, at river station 5.40 (the bridge) and 5.41, the change in water 
surface was only 0.12 feet. This water surface elevation only increased 
slightly duet~ two factors. First, the rise in water surface upstream of the 
bridge (river station 5.41) is controlled by the bridge structure itself, due to 
the occurrence of pressure and weir flow . The increase in water surface at 
section 5.39 did not cause enough su bmergence on the weir to increase the 
upstream headwater: Secondly; the :conveyance reduction at 5.40 and 5.41 
removed only the weir flow that was occurring. This reduction of weir flow 
was not sufficient enough to cause the water surface to rise dramatically. 
This implies that the pressure flow was -dominate through the bridge opening. 
The modeler should check the bridge solution to determine the value of the 
pressure flow . For th is example, the pressure flow through the bridge was 
12177.60 cfs, a major portion of the total flow of 14000 cfs. 

It should be emphasized that the Method 4 iterations were continued until a 
practical floodway was developed . After the Method 4 procedure was 
completed, the results were used in a Method 1 analysis which is discussed in 
the following section. 

Method 1 Encro_a'chmen't Analysis 
. I : .. .. .,,,, 'II J 

Typicalfy, the t1oodp'lairi encroacnment-method results are converted to 
Method 1 to perform minor adjustments for smoothing the floodplain . To 
perform .a·Method 1 analysis, the user must enter the left and right 
encm'achment statiot1s for each crosJ section. For this example, the 
encro'iichirlent stations ~s determined •by the Method 4 iterative procedure 
were used for the Method 1 analysis. To perform the analysis, first the steady 
flow data was entered and then the ~ncroachment data was entered . Finally, 
this section will discuss the output from the Method I analysis. 

.. ..,:,· fi~'\r:- · 

Methbd 1·· steady Flovr'Data 
.. I 

For the Method 1 analysis, only 2 flow profiles were used. Therefore, the 

ste~9~, DC?W. d,~~_le '~B .. as,<:, ~,.lft}:~~~~t ~~pth, " ';as used for this a.nalysis. 
This was the sarhe IT!e as used for the Metho S~'the Method 4- Tnal 2, and 
the Method 4 - Trial 3 plans . 
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Method 1 Encroachment Data 

To enter the encroachment data, the Encroachment Data Editor was 
activated from the Steady Flow Analysis window. The encroachment editor 
was opened from the plan that contained the final Method 4 iterative results. 
Then, the Import to Method 1 icon was selected. This option prompts the 
program to read the final encroachment results from the currently opened 
plan, and to automatically convert those output results to encroachment 
Method 1 input. Once the data appeared in the table, the OK button was 
selected . Then the geometric file "Existing Conditions" and the steady flow 
data file "Base+ 1ft Target Depth" were saved as the plan "Method I 
Encroachment." 'Fhe Short ID was entered as "M I" and the COMPUTE 
button was selected. 

Method 1 Output 

The output from the Method I analysis should be identical to the output from 
the Method 4 iterative plan output. This was verified by comparing the 
resu lting changes in water surface elevation at the river stations. At this 
point, the user can ftne tune and adjust the encroachments as deemed 
necessary by adjusting 'the left and right encroachment stations in the 
Encroachment Data Editor. For this example, no further adjustments were 
made. 

To review the output in graphical form, from the main program window 
select View and then X-Y-Z Perspective Plots. This will result in the 
diselayas sho~ _in Fi _u~e 6~ _A~ c_~ be seen in Figure 6.9, the __ 
encroachment stations appear to follow a smooth trans ition throughout the 
river reach . However, the user must be aware of the fact that this plot is 
bas·ed·-up0h the:X'cc,etm:L'inates!~rs ·enter~d. by the user. If the X-coordinates for 
the cross sections are not all established from the same left baseline, then the 
plot may not.be acc;:J,Jrat~ly portray .in g. th~ cprre~t (oo.nfiguration of the 
floodway . , Thei !TIOdel~r.;sho·uldsJ\eta~ the Jie.S!J~ti-ng encroachments and 
flood way <m a -t-op.qgrap>hic ;mag.to : yie~ctli~ C,()f'K~Ct. alignment of the 
flood way . At,this point, ~further refinement for the locations of the 
encroachments stations should be made . . 

( ..... : 11 l •I ~ • •• I L 

-· ... t t l 

r' ~ ... 

:... ..• t.. ...,f I 
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Example 6 Floodway Determination 

I :~~ X-Y-Z Perspective Plot ·.' >:C~~ 

; .file Gptior.ls 

' Upstream RS: 

Down trearo RS: 

Floodway Determination- Example 6 Plan: Method 1 Encroachment 

Summary 

Geom: Existing Conditions Flow: Base + 1 tt Target Depth 

Figure 6.9 3-D Perspecti~e Plot of Method t' ~nalysis 

legend 

VVS PF#1 

VVS PF#2 

Ground 

Levee 

Bank sta 

Encroachment 

Ground 

lneff 

In addition to the 3-0 plot, the user can also view the individual cross section 
plots to see the location of the encroachment stations. By using the 
information from the encroachment tables, the cross section plots, the 3D 
plot, and the user developed topographic plot, the encroachment stations 
should be evaluated 'for the re·quired constraints and the transitions of the 
floodway. 

To perform the floodway analysis for this example, a Method 5 procedure 
was first attempted . This procedure can yield reasonable results for a smooth 
transitioning river reach. However, for this example, the bridge structu re in 
the river reach caused difficulties in. the Method 5 analysis and the program 
did not yie ld reliable results upstream of the bridge. 
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To continue the analysis, a Method 4 procedure was employed. First, 3 target 
depths were used to .obtain a first cut at the encroachment stations. Then, the 
Method 4 procedure was employed iteratively with one target value for each 
river station to further define the encroachments. After the encroachments 
appeared to be well established, the results were imported to Method I for a 
final check on the encroachments and to perform any additional smoothing of 
the floodway transitions. 

When performing a floodway analysis, the general approach is to attempt to 
encroach on both sides of the water course without increas ing the water 
surface elevation by some predefined amount. The user should also be aware 
of other constraints such as velocity limits and equal conveyance reduction 
requirements, which ipay be constraining the floodway delineation. 
Additionally, the floodway must be consistent with local development plans 
and provide reasonable hydraulic transitions throughout the study reach. 
These transitions must be determined by plotting the encroachment stations 
onto a topographic map. The user should not rely on the 3-D plot provided 
with the program due to .the constraints· of the plot as described previously. 
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Examole 7 Multiple Plam 

EXAMPLE 7 

Multiple Plans 

Purpose 

This example will demonstrate the use of working with multiple plans. Each 
river hydraulics application constitutes a project, which is a collection of 
files that are associated with the application. A project is divided into one or 
more p lans. Each plan associates specific files of the project to be grouped 
together. Therefore, each plan can represent a development stage or analysis 
phase of the project. 

Initially, this example will briefly discuss the elements of a project and the 
elements of a plan . The modeler is referred to Chapter 5 of the User's 
Manual for a further discussion on working with projects and a discussion of 
the files that comprise a plan. Specifically, this example will illustrate the use 
of multiple pJans by analyzing the existing geometric conditions of the river 
reach and then analyzing a proposed change to the geometry. To review the 
data files for this example, from the main program window select File and 
then Open Project. Select the project labeled ' 'Napa Cr. Bridge Project­
Example 7." This will open the project and activate the following files: 

. . ' 

Plan: 
Geometry: 
Flow: .. 

"Existing Plan Data" 
· "Existing Geometry" 
" I 00 year fl~w'' 

.. . . ·,' . . 

Elements of a Project 

A project is comprised of all ofthe files that are used to develop a model, as 
well as a list of default variables that are used for the analysis. The files that 
constitute the project are listed in Table 7.1. For each file, the table lists the 
file type, the file extension, and the method of creation of the files (by the 
user or by the program). '1 

,. 

' --
,, 
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Table 7.1 Project Files 

File Type 

Plan 
Geometry 
Steady Flow 
Unsteady Flow 
Sediment Data 
Hydraulic Design 
Run 
Output 

Extension 

.P## 

.G## 

.F## 

.U## 

.S## 

.H## 

.R## 

.0## 

Created By: 

user 
user 
user 
user 
user 
user 
program 
program 

Note:## refers to an extension number from 01 to 99. 

As the file types are created,. the .program will.number the extensions in 
consecutive order starting at 01. The run and output file extension numbers 
will always coincide with the extension number of the plan that the program 
used to create th~ files. 

Finally, the project also specifies the default variables. These variables 
include the system of units (English or SI) and the contraction and expansion 
coefficients. These variables can be changed by the user through the program 
interface. 

Elements of a. Ptan 

7-2 

A project is comprised of one or more plans. Each plan contains: a short 
identifier; a list offi']'es a~~oc1'atea ~-t:rfi' the plan; and a description of the 
s i myJ~tio.o~pti on s.Jh at were . .set.fQ.Ub e,aoaly,sls_.,..£ach. o£ these three i terns 
are discussed as follows . . .: oj\ 

0 

• 

The short identifier is entered in the Steady Flow Analysis Window. This 
identifier appears while viewing the output. It is used to identify the output 
from a specific plan while viewing the output from niul~iple plans. If this 
identifier is 'changed, then the user must re-compute tne plan in order for the 
outpuffi ie to reflect the change. · · .. 

The main function of the plan is to associate a group of files. The plan can 
assoeiat&Bne f-ile extens-ion from.eaeh~type -e.£ii~e .... =F.or-·th.i example, -there 
were two geometry files and one steady flow file that were created. The first 
geometry file was create<f'to des'cfioethe existing conditions of the river 
reach and had an extension ".GO 1 ". The second geometry file described the 
proposed 'ge'ometry•dfra~He~ 6ria~'e )af6't'lif!; tnel arne ¥iver reach and, since it 
was the seconCI 'ge6metry-fiile' that was· createa,,··iflla'd an extension ".G02." 

Finally, ·a: steady flow data file was created that contained the 1 00-year flow 
event. This steady flow file had an extension " .FO 1." 

~ .... •. .. ., · . ' ·- .... , •• I ' • ! J •• ' ._ 't t'l; Ii i.' : j •• ) ' ' .. 

'~, ,, .. 
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£xamnle 7 Multiple Plans 
, ...... 
• I I ~ ... I I • . 7 ' • • • ~ I ' ' . 

For this project, it was desired to. compare the results of the existing geometry 
to the proposed geometry for the same flow event. Therefore, two plans were 
created. The first plan associated the .existing geometry file (.GO 1) with the 
I 00-year steady flow data (.FO I). The second plan associated the proposed 
geometry (.002) with the same I 00-year steady flow data (.FO 1 ). In this 
manner, a second steady flow data file with the same information was not 
required to be developed. Instead, the second plan merely associated the 
second geometry file with the original steady flow data file. After both plans 
were computed, the output from the first plan (.00 I) and the output from the 
second plan (.002) were then easily compared graphically and in tabular 
form . This will be discussed shortly. 

It should be noted that a plan cannot contain a combination of a steady flow 
and an ·unsteady flow file . A plan can only-include one type of file that 
contains flow information. 

Lastly, the plan contains a description of the simulation options that were set 
for the analysis. These simulation options include: maximum tolerances for 
calculations, maximum number of iterations, log output level, friction slope 
method, etc. These simulation options can be changed by the user. 

Existing Conditions Analysis 

The main focus of the remaining discussion will concentrate on the method of 
creating multiple plans and analyzing multiple plan output. The geometry 
and steady flow data files developed for this example are briefly discussed in 

· the'tollowing ~sections .' • · ··~'-l\'. ·':;· 
. 1, 11 "~'11'·':'.\' .. ~:1~"'·:-~ dl\~ ,.;..., h-;\h,.;-1;.·\.. ... ·lhi,;.l\_;l 1,,·.) .• !·''~ 

Existing· Conditions' G'eometry 
.. ) ' ' -· :. ... ... 

I .··' ' ' "l •' I \ ' - i' 1 • • 

A georriet_ry file was created that modeled the existing conditions for a reach 
ofNa'pa creek. This reach . is a'~anmade c hannel with four bridge crossings. 
To view the river schematic, from the main program window select Edit and 
then Geometric Data. This will activate the Geometric Data Editor and 
disRiaY, th~ riyer ~ystem schematic as shown- in Figure 7. I . 

1\ ' • . , ... •• • r ... 
, . I 

Th~ riyer reach is d~fi)1ed by 84 ,ri~er stations. The user can view the 
geometric data for each river station by selecting the Cross Section icon from 
the Geometric Data Editor. The data for each river station is comprised of: 
a descrip-tion; X and~Y coo'rdinates; dowh~tream ·reach lengths, Manning's n 
val ues ;.m~in, £h~rinel pa!lk s~ations; 1~J!Jl.22JLtf~~jon and expansion 
coefficients, , 

I ~; ' I ' ' ~ ~. ~ 
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Geometric Data- Existing Geometry :.:- -~·.:-:~ llil' 
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Additionally, a levee was placed on the left side river stations 200 and 300 
and ineffective flow areas were established at river stations: 956 and 1 002; 
1208 and 1229; 1318 and 1383; 2484 and 2540. Each ofthese four groupings 
are for the four bridge locations in the river reach. Finally, the expansion and 
contraction reach lengths for each bridge were estimated using the expansion 
and contraction ratios obtained from Table B.l and B.2 in Appendix B of the 
Hydraulic Reference Manual. 

The focus of this project is to rep-lace the existing bridge structure located at 
river station 2512. To view the ex-isting bridge, from the Geometric Data 
Editor select the-Bridge/Culvert icon and toggle to river station 2512. This 
wil l display the Seminary Street Bridge at river station 2512 as shown in 
Figure 7.2. 
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Fxamn/e 7 Multin/e Plans 

The bridge deck and roadway infonnation were entered by selecting the 
Deck/Roadway icon on the left side of the editor. Additionally, the Bridge 
Modeling Approach icon was selected and the appropriate information 
provided (These procedures were also applied to develop the other 3 bridges 
in the river reach). 

After all of the geometric data were entered, the geometry file was saved. 
This was perfonned from the Geometric Data Edito r by selecting File and 
then Save Geometry Data As. The title was entered as "Existing Geometry" 
and the OK button was selected. 

30 

25 

20 
Ground 

15 I neff 
• 

10 Bank Sta 
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30 
RS=2512 f?own1iream (Bridge) . -~... ., 

25 • ..... 
20 

15 

10 

5 
0 20 40 60 80 100 120 140 160 

Station (ft) 

I • I !l I I H 

Figur~' 7 . 2" Seminary Str.eet .. B~i~~e in~i-:er Station 2512 

Steady Flow Data 

The next step was to develop the steady flow data file. To create this file, 
from the main program window Edit and then Steady Flow Data were 
selected. This activated the Steady Flow Data Editor as shown in Figure 
7.3 . One profile was selected to be analyzed for the reach "South Reach ." 
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The flow value of 4070 cfs, representing the one-percent chance flood, was 
entered at river station 3 800 (the upstream river station) and a downstream 
known water surface elevation of 13 feet was entered by selecting the 
Boundary Conditions icon. Finally, the steady flow data were saved. To 
perform this, from the Steady F low Data Editor, File and then Save Flow 
Data As were selected. The title "1 00 year flow" was entered and the OK 
button was selected. The editor was then closed. 

,---=- --
Steady Flow Data - 100 year How . ~ · ~:~~~ 

File Options rtelp 

Enter/_Edit Numller of Profiles [~001 max): ~~ ~ 

Figure 7.3 Steady Flow Data Editor 

Existing Conditions Plan. 

Once .the geometric data and steady flow data w.ere entered and saved, a plan 
that assodate.d these,,t~yo fues was created, To. per;form this, from the main 
program .window,,Run -al)d 1tben,Steady. flo~!{\nalysis were selected. This 
activat~d the.Steady Flow Analysis Window as shown in Figure 7.4. Next, 
a Short ID v,.tas entered as "Existing." The g~ometry fi le "Existing 
Geometry" and the steady flow file "1 00 year flow" were selected by using 
the down arrows on the right side of the window (Note: At this point, only 
one geometry and one flow file existed and it was not necessary to use the 
'arrow1 ). A subcritical analysis was chosen as the Flow Regime and then, 
Fileand-SaveFPian A;s-:Jwere selected . ·The tithr· '~Existing ·Plan Data" was 
entered and the OK button selected. Th is created a plan that associated the 
existing conditions geometry file with the steady flow fi le. This plan had an 
exten.sion ".PO 1" because it was the first plan created. 

After the plan was saved, the COMPUTE button was selected to execute the 
program. Dl!ring the execution, a run file with the extension " .ROl" and an 
output file with the extension _': 00-1" were created. The extension number 01 
for -both-the-rl:nrand-output fil~s correspond with the plan with the same 
extension number. 
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13lsteady Flow Analysis ~~ ~~;~~ 

Figure 7.4 Steady Flow Analysis Window- Existing Conditions Plan 

Existi ng Conditions Output 

The existing conditions output review will be limited to viewing the profile 
for the river reach. A more detailed analysis will be performed when 
comparing the existing and proposed model output in a subsequent section. 
To view the profile plot of the river reach, from the main program window 
select View and then Water Surface Profiles. This will display the profi le 
as shown in Figure 7.5. The first part of the heading at the top of the profile 
is the name of the project: "Napa Cr. Bridge Project- Example 7." The 
second part of the heading is the name of the plan: "Existing Plan Data." 
Finally, the date that the output file was created also appears in the heading. 

Napa Cr. Bridge Project- Exampl.~ 7 Existing Plan Data 
Geom::_Exi"sting Geometr-Y Flow: 100 year flow 

• I 
South Reach \ 

l '~ 1 .. ' 
l 

Legend 
I 

.... ·-·- EG 100 yr •. -··· ····· ···- -------------

. I ~ - - -
ws 100 yr 

- r --·--- Ground - '' ·- --· -
....... ,.~ ~ 

~~" ~~·-
500 1000 1500 2000 2500 3000 3500 4000 

Main Channel Distance (It) -
Figure 7.5 Existing Conditions Profile 
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The profile of the existing conditions analysis shows that the upstream bridge 
at river station 2512 was overtopped during the 1 00-year flow event. It was 
proposed that a new bridge be installed to replace the existing bridge. The 
new bridge would be designed so that the 1 00-year flow event did not impact 
the bridge decking. To evaluate this proposed bridge replacement, the 
existing conditions geometry file was changed and a new plan was created. 
This procedure is outlined in the following sections. 

Proposed Conditions Analysis 

7-8 

For the proposed conditions, the bridge at river station 2512 will be replaced 
by a new bridge. To perform this, first the geometry file was changed to 
reflect the proposed conditions. Then, a new plan was created with the new 
proposed geometry file and the original steady flow file. This procedure is 
outlined below. 

Proposed Conditions Geometric Data 

To change the geometry for the bridge at river station 2512, first the geometry 
fil e "Existing Geometry" was activated . Then, this geometry file was saved 
as a new geometry file. This was performed by selecting File and then Save 
Geometry Data As from the Geometric Data Editor. The title "Proposed 
Bridge" was entered and the OK button was chosen. This saved the 
geometry as a new geometry file. Then, all subsequent changes were made to 
the "Proposed Bridge" geometry file. This enabled the "Existing Geometry" 
file to-Femain.unchang-ed-. -·--------·--·-----·· ····- --- - --- --

With the_"Proposed Bridge" geometry file, the Geometric Data Editor was 
activated and th~. :Biidge/c·tii\iert' lto~~ '~'a~ s!e 1 ~8.t~~ .' Ri~er station 2512 ~as 
chosen at the" top of tt!e ~chtor. an'd1the ;:b'~ckrRbadWay icon was selected. The 
existing brid'ge ~ata was~ ?.~l,~.~ed '~~.·~~he new j'n[~;~ation ~as entered. The 

new b~iage. d~~¥i,n~ ·v;·~~ ··~~~~~s~~ ~~~ !~~h. ~. ~,~ f:!i~ .. ~~~d ele~~tion. 1. ~oot hi?her 
than the ·exislmg bndge deck. TH1s elevlit10n was chosen as an Initial estimate 
for tlie 'propt~e<l ' bridge' and c~1b~'- £rteie'~ 'afieltl1b 'ou'tP'~t is reviewed. 

P' ~·:c ,l···-· ~-. ·"p,d)c\~ ;it lth' 1,q '':ifl_ ,.> .... ltc"'l"i .... 

After the decking was entered, the pier data was entered by selecting the Pier 
icon from the Bridge/Culvert Data Editor. Two piers were entered at 
statiOns 6(['aii<f 82. , The pier.,edlt:or was closed and the resulting bridge 
appeared as shown in Figure 7.6. Finally, the Description was modified to 
"Seminacy St.-..Bri~g~:·:, ;Hr.oposeM'· Tb.e Bridge M od!'lliQg Approach Editor 
was not altered and the~Bridge/Culvert,Data,E-dit~r was closed. 

''I ·,f) · .. '··, •. t. : !l . i , 

.•' •I •, 1' '- • •, ' 
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_ Bridge Culvert Data - Proposed Bridge , "·· ;.~ - lif £J 
Eile 

I Riy.er: 

30 Legend 
25 ---------------20 

Ground 

15 \ 
!neff 
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station (ft) 

Figure ·7.6 Seminar Street ·Bridge - Proposed · 
, ·· · ~ .. .;~>~PO.t.~: .. ~~~!h . .t .. : ·~~.·~J.·· '. ·· 1 ~ .. ·, •• li'i~f··~~~ii_;t~ . .i_;t· }·· ... \.~1':;t~ 

"Sirlce•'tlie''bridge geometry changed at river station 2512, the expansion and 
confraetion reach lengths wer·e ·ati.iu.~ted in. the vicipity of the bridge. Then, 
the ineffective flow areas-were reestablished at river stations 2484 and 2540. 
This concluded the changes to the ·geometric data, and the geometry file was 
saved by .selecting Sav~ Geometry Data from the File menu of the 
Geometric Data 'Editor~ · l' 1- • . • ,. 

' " ""'·· 
Steady Flow Data 

The s'teady flow data for the analysis of the proposed bridge wi ll be the same 
flow data used with the existing 'geometry, . Therefore, there were no 
adj~strnents made to the s teady tiow data file " 1 00 year flow. " 

A ne:w plan was created from the geometry file with the proposed bridge and 
the steady flow data file . To perform this, from the main program window 
Run and Steady Fiow Analysis were selected. A Short ID was entered as 
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Example 7 Multiple Plans 

"Proposed" in the upper right comer of the window. The geometry file 
"Proposed Bridge" and the steady flow file "1 00 year flow" were chosen by 
selecting the down arrows on the right side of the window. A subcritical 
analysis was chosen as the Flow Regime. Then, File and Save Plan As were 
selected. The title "Proposed Plan" was entered and the OK button was 
selected. This created a plan that associated the proposed conditions 
geometry file with the steady flow file. This plan had an extension ".P02" 
because it was the second plan created. 

The COMPUTE button was selected to execute the program. During the 
execution, a run file with the extension ".R02" and an output file with the 
extension ".002" were created. The extension number 02 for both the run 
and output files correspond with the plan number. 

Proposed Conditions Output 

At this point, the user can activate the water surface profile plot for the 
proposed conditions, as performed for the existing conditions output. The 
next section will compa_re the results of the two plans and the two water 
surface profiles simultaneously. ., :" 

Comparison of Existing and Proposed Plans 

7-10 

To compare the output from the two plans, the user can view the results 
graphically and in tabular format. This comparison wi ll describe the methods 

--to -v-iew-the eutput feF-eeth -p1ans simultaneously:-- - . -- -.. -- -·--·-. 

Profile P,.ot. •••••• 1" !;. ): ··,1.:: ·· i ll.._' · · ; 111 1( · \· 

To vie~ the :~;~file ,P'iot o:f QO~ Jta~s; fr~~ t~~~·Wa~ p~ogram window select 
View and then. WateJ;" Surfae.e,Prp,fi)j;s. Then, select Options and Plans. 
This will ac~i~ate the, pqp-up · wil~tdow sho;\ynjg :F: igpreJ. 7 . .. The. plan selection 
window is diyide~ into twq.parts : an._ oR.tjo~/<?~ .. COJI}paring multiple .. 
geometr~es .a,t the, tqp ,,a~ e. a! box cont~_in ing ,~l~1RMn~,~yailable plans to view 
output fo~. ·.\To s~!ec~,Plars .. f~r vi~~ing there output, simple check the box in 
front of each plan label. Additionally, the Select All and Clear All buttons 
can be used, For this ,example, .both plan,s wpr,e,selected by choosing the 
Select All button. , Then, the OK button was chosen to exit the window. This 
resulted in the profile as s,h~~n· tf). ;fcig4f;Y·l f 11i;b~. op6or~.:for com_paring 
geom~t~i~~ allows the. ~ser to plot the.94-tpJ.It ~pd1 geometric data for two plans 
simultaneously. Since the invert and channel geometry did not change 
bet'X1 tJl?;Se ~9 pJ f1Si ~T~ W~S 1G p,enefit to selecting this option. 

' _._, .... t. . I - · ·-··~ -- L. )-''-• 

~ " • f o \_" :· '. ' /I\ 0 0 
\ o \ 0 ° • \.' 0 :I'~~ l ! ! ~ '-. '"'I'' 

1 0 

, . ,,·~ ·-.: · ··- :! r · · _ ... ·''\i ,t-t · ~L ( ·; 
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Plan Selection .. : ··' ~~~' 

Proposed Plan (Short ID =Proposed Geom =Proposed Bridge) 

0~ Cancel 

Figure 7.7 Plan Selection Box 

Napa Cr. Bridge Project- Example 7 Plan: 1) Existing 2) Proposed 

500 1000 
' ' ' 

I ' 

Geom: Proposed Bridge Flow: 100 year flow 

Napa Creek South Reach 

···; ·. , '. 

1500 2000 2500 3000 3500 

Main Channel Distance (ft) 

Legend 

WS 100 yr- Existing 

WS 100 yr - Proposed 

Ground 

4000 

Fig~r.~ 7:t~rofil~s of Both Existing and Prqposed Plans 
I 

• I ., • 

.. . , , ' . , . . ·. I 
Fig4r.e 7.8 shows the profile for both plans. The heading displays the 
information as discussed previously. The legend shows that there are two 
water surface profiles plotted in the figur~. The first profile is labeled "WS 
I 00 yr - Existing" and is a solid line. The label "WS I 00 yr" refers to the 
label of the flow data for the first water surface profile, while the label 
"Existing:' re'fer s to th~e-Plan· Sliort ID tfiat wa s ·entered in the Steady Flow 
Anaiys'is Window. Therefore, this water surface is for the Existing 
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Example 7 Multiple Plans 

Condition plan . Similarly, the label " WS I 00 yr- Proposed" is the l 00 yr 
water surface profile for the "Proposed" plan data. 

Since both plans only had one flow entered, only one water-surface profile 
can be plotted for each plan. If other flow profiles had been computed, then 
the user could also select to plot those profiles. 

It should be noted that since the profiles were plotted from the proposed 
conditions plan, the geometry that is displayed in Figure 7.8 is from the 
proposed conditions plan. In other words, the bridge at river station 2512 
displays the geometry (elevation) of the proposed bridge. If this procedure 
had been performed from within the existing conditions plan, then the 
geometry of the profile would exhibit the existing conditions geometry. In 
either case, the water surface profiles for each plan are plotted as calculated 
for that plan. Finally, Figure 7.8 clearly shows the decrease in the upstream 
water surface due to the proposed bridge allowing the flow to pass completely 
under the bridge. 

Cross Section Plots 

In a similar manner, the water surface for both plans can be viewed on the 
cross section plots. This is performed by selecting View and then Cross­
Sections from the main. program window. River station 25 12 (upstream 
inside bridge) was then chosen and this displayed the cross section plot as 
shown in Figure 7.9. It should be noted that once the option was selected to 
display the profiles from both of the plans, this option will remain in effect 
globally until otherwise selected. This allows the user to only activate this 
feature- once, instead of having to set the option for each table and plot that is 
requested. This option can be returned to the default of only viewing the 
current plan.information when viewing any of the plots or tables. 

Napa Cr. Bridge Project - Example 7 Plan: 1) Existing 2) Proposed 

.08 
30 

25 

§: 
20 c 

.Q 
iii 
> 
Q) 15 w 

10 

20 

Geom: Proposed Bridge Flow: 100 year flow 
RS = 2512 BR U Seminary St. bridge- Proposed . 

--=*"'"~~ .035 .08 ·I 

40 60 80 100 120 140 

Station (ft) 

160 

Legend 

WS 100 yr - Existing 

WS 100 yr - Proposed 

Ground 

I neff 
• Bank Sta 

Figure 7.9 Cross Section 2512 for Proposed Plan showing both Existing and Proposed Profiles 
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£xamnle 7 Multinle Plans 

Additionally, the program will revert back to only displaying the current plan 
information whenever a new plan or project is opened. 

In reference to Figure 7.9, the headin~s and legend are as described 
previously. The cross sectiol1 was selected from within the proposed 
geometry plan and therefore the bridge shown is the proposed bridge. The 
first water surface is for the existing conditions plan and the second water 
surface is for the proposed conditions plan. 

-I 

Standard Table 

In addition to graphical displays, the user can compare the output in tabular 
form. From the main program wi~dow, select View and then Profile 
Summary. Table. By selecting Standard Table 1, the table as shown in 
Figure 7.10 will appear. The first two columns of the table in Figure 7.10 
display the river reach and river station. The third column identifies which 
plan the data ;'ire from. The ideQtifi~rs in this column are obtained from the 

1
Short ID entered in the Steady Flow Data Editor. The remaining portion 
of the table displays information for each plan such as total flow, energy 
gradeline elevation, water surface elevation, etc. By presenting the data in 
this format, the modeler can easily compare the output fo~ each plan . 

f:m Profile Output Table- Standard Table I . ·- ·. ~ ·i'{]:;}~~-lf!lliJ 

393.21 
339.07 

49.83 
·I 

4610, 

49.51 
45.11 ,. 

~~~ta~~~:l~~~;:r ~~-~-------------r-·-- ,+c------~-------+----1-- - n.n -
61.68 

Figure"7.10 Standard TaJJle i' fo.r Both Existing and Proposed Plans 

As an additional note, if a river station only appears in one of the plans, then 
the table will 'only displliy lthe 'data for tha( p1an. This occurs for river station 
2549* and 2471 *, whicn are only used in the proposed geometry plan. These 
river stations can be vi·ewed by using the down arrows on the right side of the 
table. ' · ' ' 
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B ridge Only Table 

In a sim ilar fashion to the first standard table, the Bridge Only Table was 
activated from the Std. Tables pull down menu and is shown as Table 7.2. 
To insert this table into the text, File, and then Copy to Clipboard were 
selected. Then, the table was pasted into this document and appeared as 
shown in Table 7 .2. 

ellii Profile Output Table- Bridge Only . . ~-J>~.;iii~J!IOO 

7-14 

Qptions ~td. T l!bles !,!ser T l!bles ~ocl!tlons t[elp . 

HEC·RAS R1ver: Na a Creek Reach: South Reach Profile· 100 r 

17.81 18.20 431:351 4070.00 0.44 
' 

17.81 18.20 431 .35 4070.00 0.44 

17.13 0.25 
17.13 0.25 

16.37 0.75 

Table 7.2 Bridge Only Table for both Existing and Proposed Plans 

As for the standard table, the river reach and river stations are shown in the 
first two colut~ns an'i:l the Short IDs are used to identify the plans in the third 
column. This table shows that for the bridge at river station 2512, weir flow 
occurred for the exit'ing conditions bridge but did not occur for the proposed 
bridge geometry plan. The data for the other three 'bridges in the table are the 
same for both plans since there was only a chang~ in the geometry at the 
upstream bridge. 
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X-Y-Z Perspective Plot 

As a final view of the output, a 3D view of-the river reach is shown in Figure 
7.11. This plot was activated from the main program window by selecting 
View and then X-Y-Z Perspective Plots. ' Only a portion of the Napa Creek 
reach is shown in the figure for clarity. The figure displays the 3D plot from 
river station 3300 to river station 2200. This was performed by selecting the 
Start and End down arrows and selecting the appropriate river stations. The 
modeler can select various azimuth and rotation angles to obtain differing 
views of the river reach . The river stations on the plot are aligned according 
to the configuration as drawn on the River System Schematic. 

Napa Cr. Bridge Project - Example 7 Plan: 1) Exi sting 2) Proposed 
Geom: Existing Geometry Flow: 1 00 year flow 

i 

Legend 

VVS 1 00 yr - Existing 

VVS 1 00 yr - Proposed 

Ground 

Bank sta 

I neff 

Figure 7.11 X-Y-Z Perspective Plot of a Portion of Napa Creek for 
Both Existing and Proposed Plans 
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Summary 

7-16 

For Example 7, the concept of multiple plan analysis within a single project 
was discussed. There are several advantages to using a multiple plan 
analysis. One of these advantages is the use of a single flow data file for 
multiple geometry simulations. This reduces the need for identical flow files. 
Another advantage pertains to the analysis of the output. With multiple plans, 
the user can select to have the data from any n'umber of plans displayed 
collectively. This allows for a proficient comparison of the plans. 

For this example, the multiple plans were developed by altering the geometry 
of the river reach . Conversely, a multiple plan analysis could be composed of 
plans that relate changes of user-selected coefficients such as energy loss 
coefficients, Manning's n values, and entrance and exit loss coefficients. By 
understanding the concept of mu ltiple plan analyses, the user can employ a 
more efficient procedure for analyzing a project. 
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EXAMPLE 8 

Looped Network 

Purpose 

This example was performed to demonstrate the analysis of a river reach that 
contains a loop . The loop is caused by a ·split in the main channel that forms 
two streams which join back together. 

The focus of this example is on the development of the looped network and 
the balancing of the flows through each branch of the loop. The stream 
junctions will be discussed briefly; however, a more detailed discussion of 
stream junctions can be found in example 10. Note: Since this example was 
developed, we have ad~ed the ability to have the program optimize the 
flow split for you. Example application 15 shows how to use the split 
flow optimization routine. 

To review the data files for this example, from the main program window 
select File and then Open Project. Select the project labeled "Looped 
Network- Example 8." This will open the project and activate the following 
files: 

Plan: 
Geometry: 
Flow: 

"Looped Plan" 
"Looped Geometry" 
" 1 0, 50, and 100 year flow events" 

Geometric Data · ·· '! .. ,. ~ :,, ... " • • • • .! 

I· 

The geometric data for this example consists of the river system schematic, 
the cross section data, and the stream junction data. Each of these 
components are discussed below. 

Riv~r. System Schematic . 
"• I t 1 , 

To vie.w. the riv~r system sch.ematic, from the main program window select 
Edit and then Geometric Data. This will activate the Geometric Data 
Editor and display the river system schematic as shown in Figure 8.1. The 
schematic shows the layout of the tWo rivers. Spruce Creek is broken into 
three river reaches : Upper Spruce Creek, Middle Spruce Creek, Lower Spruce 
Creek. Bear Run is left as a single river reach . The flow in Upper Spruce 
Creek splits at Tusseyville to form Bear Run and Middle Spruce Creek. Bear 
Run is approximately 1500 feet in length and Middle Spruce Creek is 
approximately I 000 feet long. These two streams then join at Coburn to form 
Lo~;~ Spruce Creek. -· · - -- -
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Geometric Data - Looped Geometry · : ··, • ,f,:;£1 ~ 

l 
-~1 2385 

Upper Spruce 
2270 

,.,~,,J,;;s 
/'t--~9..,~_300 

&./>< 1830 f.O . 1120 
~- ttl 

~ • .;;:-- 1 700 ~~ - 962 

:>o/ t 
Middle Spruce ~ f" 1550 \ t 777 Bear Run 

~40s ' Ts92 
.).~· 1300 J 

'-. / 
·~-v 11 80 / 412 (' . ......_ __-A225 

' -..,t_ 1.nt;O 
/ 1~35165 

Co bur~~ 
.~ / 310 

"'(-~. 
0~-- ' 170 

Lower Spruce 0----1. 
. ~~ 10 

~~f. '---/ 
/ 

. =~~-;--;--,-r.- 1111 ,,--j -·:.-;:-T--- --, 

~~g~re~ 8:.,t , m.~.I~r1 ~y~j~I:Jl ;s~nematic for Spruce Creek and Bear Run 
____ .i llJ_gJ~I L. :;~',q 1__:::._._._1 

~r -. 

Cross Section Data 

After the river reaches were sketched to form the river system schematic, the 
cross section data were entered. The data were entered by selecting the Cross 
Section icon from the Geometric Data Editor. For each cross section, the 
geometric data consisted of the: X-Y co0rdinates, downstream reach lengths, 
Manning's n values, main chal)n.~l bank stations, the contraction and 
expansion coefficients, and, if applicable, left or right levees. 

After all of the geometric data were entered, File and then Save Geometry 
Data As ·were selected 'from the Geometric Dat a-Editor. The title "Looped 
Geometry" was entered and the OK button selected. Th is was the only 
geometry file for th is example. 
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Stream Junction Data 

The final geometric component was the data for the stream junction. These 
data were entered by selecting the Junction icon on the Geometric Data 
Editor. This caused the J unction Data Editor to appear as shown in Figure 
8.2. First, the data for the junction at Tusseyville was entered by selecting the 
appropriate Junction Name at the top of the editor. Then a Description was 
entered as "Spruce Creek Split." 

Junction Data- Looped Geometry : ~-_,.,:R; , 

Junction Name 
.... l'l . 

r .... 

Figure 8.2 Junction Data Editor for Tusseyville Junction 

Then~~~ piec~ of information requir~d was the Length Across Junction. 
These are the distances from the downstream river station of Upper Spruce to 

" the upstream river stations of Middle Spruce and Bear Run . In general , the 
cross sections that bound a junction should be placed as close to the junction 
as possiple. This will allow for a ·mwe accurate calculation of the energy 
losses across the junction. These values were entered as 80 and 70 feet, for 
the dis~-.; .c~~ to Middle Spruce' and Bear Run, respectively. 

hl ) . , .!. 

The last item in the junction editor is the computation mode. Either the 
Energy or the Momentum method must be selected. The energy method (the 
default method) uses a standard step procedure to determine the water surface 
across the junction. The momentum method takes into account the angle of 
the tributaries to evaluate the forces associated with the tributary flows. For 
this example, the flow velocities were low and the influence of the tributary 
angle was considered insignificant. 1)erefofe, "the ·energy method was 
selected for the analysis': For a furt e"roiscussion on stream junctions, the 
user is referred to example 10 and to ch~p,ter 4 of the Hydraulic Reference 
Man ual. 

After the data were entered for the Tusseyville Junction, the Apply Data 
button was selected. The down arrow adjacent to the Junction Name was 
depressed to activate the second junction at Coburn. At this junction, the 
description "Confluence of Bear Run and Middle Spruce" was entered. Next, 
a length of 70 feet was entered from Bear Run to Lower Spruce and 85 feet 
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for the distance from Middle Spruce to Lower Spruce. Again, the energy 
method was selected and the Apply Data button was chosen before closing 
the junction ed itor. 

Steady Flow Data 

8-4 

The steady flow data were entered next. These data consisted of the profile 
data and the boundary conditions. Each of these items is discussed as 
follows. 

Profile Data 

To enter the steady flow data, the Steady Flow Data Editor was activated 
from the main program window by selecting Edit and then Steady Flow 
Data. This opened the editor as shown in Figure 8.3. On the first line of the 
editor, the num ber of profiles was chosen to be 3. These profiles will 
represent the 10, 50, and 100 -year flo.~ events. When the number of 
profiles is entered, the table expands to provide a column for each profile. 

Figure 8.3 Steady Flow Data Editor- Looped Plan -151 Flow Distribu tio n 
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To enter the flow data, a flow value must be entered at the upstream end of 
each reach . The program will consider the flow rate to be constant 
throughout the reach unless a change in flow location is entered . For this 
example, the flow will be constant throughout each reach. The three profiles 
will be for flow values of 300, 800, and I 000 cfs. These values were entered 
as the flow rates for Upper Spruce and Lower Spruce. 

For the flow rates through Middle Spruce and Bear Run, the user must 
estimate the amount of flow for each reach. Then, after the analysis, the user 
must compare the energy values at the upstream ends of Middle Spruce and 
Bear Run . If the energy values differ by a significant amount, then the flow 
rates through the two reaches must be redistributed and a second analysis 
performed. This process will continue until the upstream energies are within 
a reasonable tolerance. This procedure implies that the upstream cross 
sections of Middle Spruce and Bear Run are located close to the junction. 
Therefore, the energy value at these two locations should be approximately 
equ"al·-·7-"l ... -~~- .. .. - ·'· 

For this first attempt at a flow distribution, the values of 170 and 130 cfs were 
entered' for the first profile for Middle Spruce and Bear Run, respectively. 
Similarly, flow values of 450 and 350 were entered for the second profile and 
560 and 440 for the third profile. After the analysis, the upstream energies 
for each profile were compared to determine if the flow distribution was 
appropriate. This will be discussed in a subsequent section. 

Boundary Conditions 

After the flow data were entered, the boundary conditions were established. 
This was performed by selecting the Boundary Conditions icon from the top 
of the Steady Flow Data Editor. This resulted in the display as shown in 
Figure 8.4: As shown in Figure 8.4, the boundary conditions table will 
automatically contain any internal boundary conditions such as stream 
junctions. The user is required to enter the external boundary conditions. For 
this example, a subcritical flow analysis was performed; therefore, the 
external boundary condition at the downstream end of Lower Spruce was 
specified. Normal Depth was chosen with a slope of 0.0004 ftlft. After the 
boundary ~ondition was entered, the editor was closed and the flow data was 
saved as " I 0, 50, and I 00 year flow ·events." 

,. 

··-t · 
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Steady Flow Boundary Conditions . , , .. c ,.-.~i~~ 

0 Set boumdarY. fm one.preffle at a time 

Figure 8.4 Steady Flow Boundary Conditions fot Looped Network 

Steady Flow Analysis 

8-6 

After the geometric and flow data were entered, the files were then saved as a 
plan . This was performed by selecting Run and then Steady Flow Analysis 
from the main program window. This activated the Steady Flow Analysis 
Window.as_shownjn Figure 8.5. In the steady flow window, first the Short 
ID of "Loop" was entered. Next, the geometry file "Looped Geometry" and 
the steady flow data file " 10, 50, and 100 year flow events" were selected by 
depressing the down arrows on the right side of the window. 

II! steady Flow Analysis· . ,-,.;~!;!! 

Figure 8.5 Steady Flow Analysis Window 
'' 
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(No.t~:-~.in~e 1h~e .. .VY,.~S ~mly_ l g_eometry file -arid only I flow file, this was not 
necessary.) Then, File and Save Plan As-w eres elected and the title "Looped 
Plan" was entered. The OK button was selected and the plan title appeared 
near the top of the steady flow window. Finally, the Flow Regime was 
selected as subcritical and the COMPUTE button was selected. 

Analysis of-Resu'lts for Initial Flow Distribution 
• -~' ... • • ~ '.~. -_, .. .,., !,t,·,.,.' "' I ' • I 

. ·i 

i ,.. ~ ,,. 

The user can review the results of the analysis both graphically and in tabular 
format. For this example, this discussion will initially be concerned with the 
flow distribution as selected for Bear Run an'd Middle Spruce. To determine 
the adequacy of the previously chosen flow distribution, the energy grade line 
elevations at the upstream end of Bear Run' and Middle Spruce will be 
compared . To determine the calculated energy values, the Junction Table 
was reviewed and a portion of the table is shown in Figure 8.6. This table 
was activated from the main program window by selecting View, Profile 
Summary Table, Std. Tables, and then JunctionTable 1. '. 

The rows in the table in Figure 8.6 are divided into groups of three, one row 
for each of the three profiles . The first column of the table displays the river 
reach, the second column displays the river station, and the third column lists 
the water surface elevation for the particular river station. As can be seen in 
Figure 8.6, for the river reach of Middle Spruce at the river station 1960 (the 
upstream station), the flow rates were 170, 450, and 560 cfs, and the energy 
gradeline elevations were 23.3 7, 25 .19, and 25 .67 feet for the three flow 
profiles. The energy gradeline elevations for the upstream river station of 
Bear Run (river station 14 70) were 23 .1 0, 24 .96, and 25.52 feet. By 
comparing these values,.-i.t can ·be seen that:the, ~nergy gradelines differ by 
0.2 7;-0.-2J,and,.0.-1.5-feet . .for the. tbree-pmflles,...respectively. 

.. I.~ I •,; - ' 

Since the upstream river stations on Middle Spruce and Bear Run were 
located close to the stream junction, the energy grade! ine elevations for these 
two -riv~r stations shou ld be approximately equal . Therefore, the flow rates 
for Middle Spruce and Bear Run were. redistributed and a subsequent analysis . . . 
was performed. This is discussed in the.next section . 

. . . . . .. :(.\!.: .•.. 

i. 

• '- ' . '.1 f 

J. ," ,• ~~ t f I 
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~Profile Output Table - Junctions · .~·~~~~ . .;,....l!l~f;! 

HEC-RAS Plan: Loo 

Figure 8.6 Junction Table for First Estimate of Flow Distribution 

After reviewing the energy gradeline values at the upstream river stations for 
Middle Spruce and Bear Run, the fl ow rates for these river reaches were 
r-ed istrib.ut~.d. Sincetl;he energy values for Bear Run were lower than that of 
Middle Spruce for all three of the profiles, a greater portion of the total flow 
~as agpqrt·9£H~~ t-? ~~~r ~un. for all of the profiles. To perform this, the 
Steady-1+loW.:.Dat11· Editor was activated and the flow values were adjusted. 
Thernrsub~eR.uent:a:nalysi:s-:.wasi performed and the energy values compared. 

· Th ts ·procedure was:continued until the energy values were within a 
reasonable tolerance. Table 8. 1 shows the final flow distribution and the 
resulting energy gradeline values for the upstream river stations of Middle 
Spruce and Bear Run. 

Additionally, the table shows the energy gradeline values for the downstream 
river station of Upper Spruce Cfteek. These values shou ld be greater than the 
energy values for the upstream river stations of Middle Spruce and Bear Run. 
The final energy values for Middle Spruce and. Bear Run are within a 
reasonable tolerance for each profile. Therefore, the flow distribution as 
shown in Table 8.1 was considered as a reasonable estimate of the flow rates 
through each river reach . 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 

:I 
' I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

F:romnle 8 l ooned Network r 1 

. ' • t .~\- • ~., i. 1 1 I ~ "'1 ' .... ,. 

. ·Tabl,e 8.1 Final Flow Distribution for Looped Plan 

Reach River Profile Flow Energy Gradeline 
Station Rate Elevation (ft) 

: cfs) 

Upper Spruce 2040 300 23 .29 
Middle Spruce 1960 154 23.25 
Bear Run 1470 146 23.24 
Upper Spruce 2040 '• 2 .' 800 25.15 
Middle Spruce 1960 2 420 25.08 
Bear Run 1470 2 38'0 25.08 
Upper Spruce 2040 3 1000 25.67 
Middle Spruce 1960 3 535 25.60 
Bear Run 1470 3 465 25.60 

Analysis of Results for Final Flow Distribution 

I• 

Summary 

For an additional review of the flow distribution for the looped plan, the 
profile plot is shown in Figure 8.7. To activate the profile plot, from the main 
program window select View and then Water Surface Profiles. For this 
plot, the reaches ofUpper Spruce, Middle Spruce, and Lower Spruce Creek 
were selected. This represents the flow along the right side of the river 
schematic. 

Simi lady, the flow along the left edge of the river schematic can be viewed 
by selecting.the river r~ach Bear. Gre~k instead of Middle Spruce. This is 
P.er~Pf{P.J~.9 ,by ~Y~~_st!pg1 Qpti?ns-,J~.e~c.h~s~<~and then the appropriate river 
reac~ .. ... . .. ,, , . , . . . 

' . . ' 

.. 

As a summary for this example, a river system that contained a loop was 
analyzed. The flow rates for the branches of the loop were initially estimated 
and, after an initial ana1ysis, th~: hpstreair'l energy values for each branch were 
compared. Since the initial energy values-were not within a reasonable 
tolerance, the flow rates through each branch were redistributed and a 
subsequent analysis performed. This procedure was continued until the 

' . .. 

' .. :. i -,j,,•,_'f:! \(: .. •' .1.. , I 
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upstream energy val ues for the two branches were within a reasonable 
tolerance. By performing the flow distribution and energy comparison in this 
manner, it was necessary that the cross sections around the junction were 
spaced close together. 

· .Profile Plot · . ' ~--:,~""' •· l!!lllil 
Flle Options Help 

Looped Network- Example 8 Plan: Looped Plan with final flow distribution 
Geom: Looped Geometry Flow: 10, 50 , and 100 yr -final flow dis! 

28 
Lower Spruce __, I( Middle Spruce )I r- Upper Spruce __, .....---~ 

Legend 
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24 
g 
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\I 
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Main Channel Distance (ft) 
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Figure '8.7 Profile Plot for Looped'Network ~ 
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EXAMPLE 9 

Mixed Flow Analysis 

Purpose 

This example demonstrates the analysis of a river reach that contains both 
subcritical and supercritical flow . This mixed flow problem is caused by a 
bridge structure that constricts the flow enough to force it to pass through 
critical depth, creating a backwater effect and causing subcritical flow 
immediately upstream from the bridge. 

·-· .. 
The discussion of this example will focus on the analysis ofthe mixed flow 
regime. Additionally, the bridge structure was analyzed using both the 
energy method and the pressure flow method. The results of these methods 
are then compared. For a more detailed discussion on bridge analyses, the 
user is referred to chapter 6 of the User's Manual and to chapter 5 of the 
Hydraulic Reference Manual. 

To review the data files for this example, from the main program window 
select File and then Open Project. Select the project labeled "Mixed Flow­
Example 9." This will open the project and activate the following files: 

Plan : 
Geometry: 
Flow: 

" Putah Creek Bridge" 
" Base Geometry Data- Energy" 
" I 00 Year Discharge" 

Geometric Data 

The geometric data for this example consists of the river system schematic, 
the cross section data, the locations of the cross sections, and the bridge data. 
Each of these components is discussed below. 

River System Schematic 

To view the river system schematic, from the main program window select 
Edit and then Geometric Data . This will activate the Geometric Data 
Editor and display the schematic, as shown in Figure 9.1. The schematic 
shows the layout of a section of Putah Creek, which consists of 20 cross 
sections·.· Cro.;i secti'oh .12 is' the upstream river station and cross section 
I is the downstream river station. Additionally, a bridge was located at river 
station 7 and will be discussed in a subsequent section. 

9-1 
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Geometric Data - Base Geometry Data - Energy · · '· ~.t· ·Jl!IJ · 00'11!3 

Cross Section Data 
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Putah Creek 

The data for each cross section is comprised of : a description, the X-Y 
coordinates, downstream reach lengths, Manning's n values, main channel 
bank stations, and the expansion and contraction coefficients. The data used 
for this example can be viewed by selecting the Cross Section icon on the 
Geometric Data Editor (Figure 9.1 ). It should be noted that the whole 
number cross sections were obtained from field data and the cross sections 
with an *were interpolated. This will be discussed in the fo llowing section . 

Location of the Cross Sections 

The location of the cross sections in relation to a bridge are crucial for the 
accurate calculation of the expansion and contraction losses. The bridge 
routine utilizes four cross sections, two upstream and two downstream from 
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the structure, to determine the energy losses through the structure. The 
moqeler is referred t~ chapter 6 of the User's Manual and chapter 5 of the 
Hydraulic Reference Manual for ·additional discussion on the location of 
cross sections and for modeling bridges. 

For this example, the flow used for this analysis will remain in the main 
channel du~i!}g the event. A~ditionally, there is only one pier for the bridge 
and the cross .sections in the vicinity ofthe bridge do not reflect major 
changes in geometry . Therefore, there is no major expansion or contraction 
losses occurring in the vicinity of the bridge. 

Since the flow in the main channel iS. supercritical, the cross sections were 
placed close together to mo;e accurately calculate the energy losses along the 
channel. The cross-section data from the .. fiel~, s.Lirvey, were 100 feet apart. 
These data were entered and then additional cross sections were interpolated 
at 50 feet intervals. This was performed from within the Geometric Data 
Editor by selecting Tools, XS Interpolation, and then Within a Reach. 
This activated the XS Interpolation by Reach Window as shown in Figure 
9.2. 

XS Interpolation by Reach · · .. ~";~ 

Figure 9.2' Cross· Section Interpolation by Reach Window 
... ·, ' ' ··: ""'·· ',. · ~ 

To perform the interpolation, the reach of Putah Creek and the starting and 
ending river stations of 12 and 1· were selected as shown in Figure 9 .2. Then, 
a maximum distance of 50 feet was entered and the Interpolate XS 's button 
was selected . This created the interpolat-ed cross sections along the entire 
river reaob. After the iniei-j:w:latkQn, Faobj nfelipolated cross section was 
reviewed to determine the. adequacy oftb'e -interpolation. For additional 
discussion on cross section interpolatiori, thl user is referred to chapter 6 of 
the User's Manual and to chapter 4 of the Hydraulic Reference Manual. 

As a final review of the cross section locations, from the Geometric Data 
Editor select Tables and then Reach Lengths. This will activate the Reach 
Lengths Table as shown in Figure 9.3 . As can be seen in the table, the final 
channel reach lengths are 50 feet for each cross section, except through the 
bridge. 
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Edit Downstream Reach Lengths ... ,.,j~ 

lc....:-1~=----:-=~+-4~7. 5 U?.Q .... ............................... .l ~ 
47.5 50 60 

~~~~~--=,..,.;--=i62. 5 50 145--
1---'-il:-:-:-'-"-::----=-:162.5 t 50 - 145 
1--=11~=:-=--:==147. 5 50 51.5 

50 151 .5 
50 50 
50 150 
110 110 

1 
, 50 147.5 

Cancel ' A 

Figure 9.3 Reac~ Lengths Table for Puta Creek 

Bridge Data 

To enter the bridge data for this example, first the deck/roadway data, then 
the ·piet-data,.-andiiually-th.e..br.idge...m.odel.ing-appr.oach-data.wer:e entered .. -
These components are described in the following sections. 

Deck/Roadway Data. From the Geometric Data Editor, select the 
BriJI.ge/<2·»~ -.ttr;t.,ipon . This wi.Jl ~~~i ~1iff:SjBridge'/Gulver.t Data Window. 
Then select the Deck/Roadway icon on the left side of the window. This will 
acti vate the Deck/Roadway D'ata Editor as shown in Figure 9.4. 

~ ;·-.-· ... ,'f: ·. I. J,-,· II •. _: •• •. 

·1' ·•. ' r 
As shown in "the Figure 9.4, the ftrst item on the top row of the editor is the 
dist8.!1~~...frq_m_th~ ~iv_~r stat1on imfl!edi~~y·u ~~earn Q_fthe bridge (river 
station 8) to the upstream side of the bridge. For tnis example, this distance 
was set at 10 feet. The next item is the width of the deck/roadway and this 
distance was 90 feet The program will then add the 1 0 feet and the 90 feet to 
obtain 100 feet as the distance from the river station 8 to the downstream side 
ofthe bridge. From. the Reach Lengths Table, it can be seen that the 
distance from river station 8 to river station 6 was II 0 feet. Therefore, the 
progtam-wi ll a llow for I 0 feet of distance from the downstream side of the 
bridge-to river station 6 (the river station located immediately downstream of 
the bridgey The last item on the top row of the editor is the weir coefficient, 
which was set'at 2.9. ' . 
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Deck/ Roadway Data Editor · : ~~ 

Figure 9.4 Deck/Roadway Data Editor 

The central portion of the editor consists··ofthe station and elevation data for 
the low and high cords of the deck/roadway. These values were entered as 
shown. Finally, the bottom portion qfJpe_ editor consists of the data entry for 
the weir flow calculations. For this example, weir flow did not occur and this 
.data will not be emphasized. For additional discussion on the deck/roadway 
data, the user is referred to example 2 for bridges and to example 3 for 
culverts . The OK button was then selected to exit the editor. 

' ' 

Pier Data. To ente r the pier data, the Pier icon was selected from the 
Bridge/Culvert Data Editor. This activated the Pier Data Editor. For this 
example, the bridge g'eom'eiry 'consisted bf only one pier located at a 
centerline station of !50 and a w_idtb of 8 feet. This data was entered and then 
the editor was closed . This concluded the input of the bridge geometry and 
the bridge appeared In the Bridge/Culvert Data Editor as shown in Figure 
9.5 . . 

As a final note for the bridge geometry, there were no ineffective flow areas 
.• ;<;l((,f},LW. f or ~~~1;n_alysis.,. This was du~ .~q th~ fact that the flow for the analysis 

remained in' the main channel and the bridge geometry did not create any 
appreciable ineffective flow areas . This will become more apparent during 
the review of the output 

~-r- ..... ........ - .. - . 

• • •. . ! 
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Bridge Modeling A-pproach? The fina l coinpbnent of the geometric data is 
the entering of the coefficients for the bridge analys1s. This was performed 
by selecting the Bridge .M:od_e)i~g ~pproach icon on the Bridge/C ulvert 
Data Editor. This activated the Bridge Modeling Approach Editor as 
shown in Figure 9.6. 

The first s~lection ·is the ·low flow computation methods·. For this example, 
the energy and momentum methods were selected. Then , the Highest E nergy 
Answer field was selected. Thi-s will inform the program to use the greater 
answer ofthe energy and the momentum methods for the final solution of the 
low flow analysis. The next selection was the method for the high flow 
analysis. For this simulation, the energy method was selected. (A subsequent 
analysis was performed with the pressure/weir method and will be discussed 
later.) . ·· ' · ' ·· '' 

. r ----· 
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Bridge Modeling Approach Editor ·: :;; 

Figure 9.6 Bridge Modeling Approach Editor for Energy Method 
Analysis 

This concl uded the geometric input for the analysis and the data was then 
saved as "Base Geometry Data -Energy." Next, the steady flow data were 
entered for the simulation. ' 

I! 
r I 

I 
I 

Steady Flow Data 
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0

, • , , , 

To enter .t~e steady .flow data, first the profile data and then the boundary 
conditions were entered. These dat,a components are discussed below. 

Profile Data 

To enter the steady flow profile data, from the main program window Edit 
and then Steady Flow Data were selected. This activated the Steady Flow 
Data Editor as shown in Figure 9.7. On the top row of the editor, the 
number. ,of~ profiles .-.yas chos.en o;..be,qne,. ,.When this number was entered, the 
tab le, portion ofthe editor adjusted for this number of profiles. Then, the 100-
yeat flow rate of3200 cfs was entered at the upstream end of the river reach; 
there were no flow change locations. Finally; .the· boundary conditions were 
entered . 
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Steady Flow Data - 100 Year Discharge · -~~..~.J;~).;,)'¥· llif 
File 0ptlbns Help 

• ~ • -' l:e-f 4 • t • 1 • I Y! 11 1 1</ \I' • ~, 

Figure 9. 7 Steady Flow Data for Puta Creek 
' 

Boundary Conditions 

To enter the boundary conditions, the Boundary Conditions icon was 
selectmHronlthe St~ady-FiowDllla Et:tito( (Figure 9.7) . This activated the 
Boundary Conditions Data Editor as shown in Figure 9.8. Since the flow 
through the river reach is supercritical, the analysis will be performed in the 
mixed flow regime. This will allow for the computations of both subcritical 
and supercritical flow profiles, if they are found to occur. Therefore, the user 
must enter both an upstream and a downstream boundary cond ition. As can 
be seen in Figure 9 .8, a Normal Depth upstream boundary condition was 
selected with a lope of 0.01 ft/ft. Additionally, a downstream boundary 
condition was selected as Critical Depth. The selection ofthese boundary 
coil-diti·on~ will be discussed in the analysis ofthe output. For additional 
discussion on boundary conditions, the modeler-is referred to chapter 7 of the 
User's Manual. At this point, the flow data was saved as "100 Year 

. Discharge.'j r , ~ _ 
·--:-.. ·--·--;.~I._:·- I"• • ·--··-- l~ '.._ __ 

,., -- _ .. __ 
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,------
Steady Flow Boundary Conditions · •· ~~- ;~!?M 

1 G Set belll.ndary fo all grofiles 

Figure '9.8 Steady Flow ·Bound~ry Conditions 

Steady Flow Analysis 

After all of the geometric and steady flow data were entered, the steady flow 
analysis was performed. This was accomplished by selecting from the main 
menu Run and then Steady 'Fiow Amilysk This activated the Steady Flow 
Analysis Window as shown in Figure 9.9. 

' 

As shown in Figure 9.9, first a Short ID was entered as "Energy." Then the 
geometry file "Base Geometry Data- Energy" and the steady flow file "1 00 
Year Discharge" were selected by using the down arrows on the right side of 
the window. (Note: The selection of these files was not necessary since there 
existed only one geometry file and only one flow file at this time.) Then the 
Flow Regime was selected as ·"Mixed" and the information was saved as a 
plan by selecting File-and then ·save-:f>iaii-AS. The 'title "Putah Creek Bridge 
- Energy" was entered and the OK button was selected. Then this plan title 
appeared at the top of the steady flow window (as well as on the main 
program window). Fin-ally, the ·c o MPUTE.button was selected to perform 
the analysis. 

~ ···~ -, 

.~ .. ~ 1 '' • •• • ... , ·~~ ;"\ ...,.-."Jp ·;r ~ •. -r .. r ... tci ~ · 

. ./':'"•.!.IJ .r'tl!~·;··:.·• ~a~{~!- l ~ ~.~~._ · iJ.:_~t. ~ t-: HI 
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II steady Flow Analysis. ., , ' :·f-·(<1~7jl£fl 

Plan: 

Figure 9.9 Steady Flow Analysis Window 

Review of Output for Energy Analysis 

9- 10 

The modeler can review the output in both graphical and in tabular fo rm . For 
this analysis, fi rst the water surface profi le was plotted and then the profile 
table and the cross section table for the bridge were reviewed. 

Water-SuFface-Profile· ·- ·-

To view the water surface profile, from the main program window select 
View and then Water Surface Profiles. This will display the profile as 
shown in Figure9.1 0. The profile shows the energy gradeline, the water 
s t~'tface';·~nll tt1e'12ritical depth for the flow of 3200 cfs (the only flow for this 
exampJe)::.la'· _ .~-~~ ~~t-J1f' •·t-~~r-~ ~n(\f·'·~ 

.;.,-,:lflll: r ;:-,,~ t. ~r.::f:" '":t"OIT!etrv [la~-3- Energ_y ~ 
To perform !h mi~ed flow analysis, the program will first compute a 
subcritic~f fi 6w pro'fi le for tt\'e' en ire ·rrvet reach starting at the downstream 
river statio~~ The pregt-am•will flag any location that defau lted to critical 
depth . ext, the program will perform a supercritical analys is fo r the river 
reach starting at the upstream river station . During this phase, the program 
will compare the specific force for the supercritical flow to the specific force 
fo r the-subcdt-ical flow at any r-iver stat-ien-that has a val id answer-in both 
flow regimes .-.Ihe.flow."r.egime-w.i~i1-tbe..gz:eater~specific. force will control at 
that river station.~ '·RQrna. ,fu,J.ther discussion on mixed flow analysis, the user is 
referred to the section "Mixed Flow Regime Calculations" in chapter 4 of the 
Hydraulic Reference ~an~al : .. 

For this example, it can be seen in Figure 9.10 that the flow is supercritical at 
the upstream end ofthe river reach because the water surface is below the 
critical depth lin~ .. This was determ ined by .comparing the spec ific force of 

.... _ "i ~ !"""' "'-'; .... "'- •.. ::·· • , ,. 
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the user defmed upstream normal depth boundary condition with the 
subcritical flow answer. The program had determined that the specific force 
of.the soperGritical flow boundary condition was greater than that of the 
subcritical flow answer and•therefore used·the-upstream boundary condition. 
The pl'GgtafTl'then continued in the dbwnstream direction with a supercritical 
flow profile. 
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Figure 9.10 Water Surface Profile for Energy Analysis With Mixed Flow 
Regime 
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When Jhe.progr3fU.pal~plfJ.teq tpr,.""at.er surface profile for river station 9, it 
detenniQed tha(.t)lere was a valid ans~§_r:__fo.r both the subcritical and 
supercritical flow profiles. The program then compared the specific force of 
both of these flow regimes and determined that the subcritical flow had a 
greater specjfic force. This implies that the flow at river station 9 was 
subcritjcal and that a hY,dqi.U,lic j\l~P developed upstream of this river station . 
This can. be. ~.~~,!! .i~_ Figure 9.1 O .~o have. ~ccurred between the main channel 
statioF~,s~ q-£ )7,1 01 ~ncf,760 .(fiv1~r s,tatiq'n~;:~;#:n~ .~·5*). This hydraulic jump 
occui'hid'becalis'el the ·cross .section g~ometry in the vicinity ofthe bridge 
caused a constriction of the flow and a backwater was created upstream from 

- '· [; -i ~ .;.:.j .! ' .f';;... -( •I' 

the bridge. This backwater created a subcntical profile immediately upstream 
of the bridge and a hydraulic jump wa's ·hehbss~ry for the flow to transition 
from supe~:critical to.subcritical. · 

9-11 



Example 9 Mixed Flow Analysis 

9-1 2 

Figure 9.11 Standard Table 2 Profile Table_ for Energy Method Analysis 

To view the calculated values of the water surface elevations, critical depth , 
and energy gradeline, the Standard Table 1 profile table was activated from 
the main program window by selecting View, Profile Summary Tables, and 
then Std. Table 1. This table is shown as Figure 9.11 and shows a water 
surface elevation of 1280.85 ana a-critical water surface elevation of128"t57 
at river station 9.5*. • This water surface elevation is less than the critical 
depth and implies a supercritical flow regime. At river station 9, the water 

,~M~aq~ -~~~r,~tio?.-?{.,! ,~.82.Q,~ is greater than the critical water surface a·f -
12·81 :02 ana implies a subcr'itical flow regime. The modeler can use thi ~ table 
to determine all of the computed values that are displayed on the ptoftl'e'p1ot 
a$ ~J1owhJi~E!ktfrb:::2 .:t [ ,i<; "1.-'A. ,,,· c . i-~ c; i~J E G s I"~·~·:~:, I !:;I!~~~ £.k~,, ·"'!..'._'>! .. r ·-:• 
.. --~:_)_j __ H~!. _:·---~-J._..J!i_ _ _j ·-~-~:~ .. J_j~~~ ... · .. ' ;, 
ReferrtR~ batfttJ.'Figure r9'.1 ('a~ ~he cafc\iT~ti8N~1~~litinued through the 
bridge, Class B low flow was follnd to occur Slrf~e the flow did not encounter 
the low cord of the bridge and the flow passed through critical depth under 
the bridge. For Class B low flow, the program will set the water surface at 
critical depth at either the upstream inside or downstream inside cross section 
of the bridge. The program will calculate the specific force for critical depth 
at both of thes-e sections· and set the flow ·at critical depth at the section that is 
the rhosf constricted an·a lias the ·greater ·s-peCific force. Forth is example, the 
flow was set at criticai'depth at -the 'bridge upstream inside cross section, as 
shown in F(gure 9.1 d. Additfonally, ifffi'e specific force of both cross­
sections are approximately equal, then the program will use the location 
entered by the user. The location can be selected from within the 
Bridge/Culvert Data Editor by selecting Options and then Momentum 
Class B defaults. 

' 0 lltlh 
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Finally, a supercritical profile continued downstream of the bridge to the last 
downstream cross section. The downstream boundary condition had been set 
at critical depth. However, the program determined that the supercritical flow 
solution at the downstream end had a greater specific force than the boundary 
condition and used the supercritical flow answer. . 

Water Surface Profiles for Subcritical and 
Supercritical Flow Analyses 

To perform the analysis, the mixed flow regime had been selected. If the user 
had selected a subcritical or supercritical flow regime for the analysis, the 
output would have reflected various 1wamings and notes intended to alert the 
u'ser of possible incons.istencies witg the re.su)ts: For example, if the user had 
selected a subcritic.al flow regime, the wat~r surface profile would have 
appeared as shown in Figure 9.12. 
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Figure 9.12 : Water ·surface profile for Energy Analysis with Subcritical 
Flow Regime r 
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As can-·fi~s~en· in Figure· 9 .J2;fl:ie· watersurface··coincided with the critical 
depth line for the majority of the river statio~s . A review of the Summary of 
Errors, Warnings and Notes wo.uld reveal th_~;Iepetition ofthe warning: 
"Duringthe stimdard· step iterations, when.tlie"as~um'ed water surface was set 
equ'al ·t'o c-ritiCal depth~ the calctilated water surface came back below critical 
deptlf ' "rhls i'hdid.ttes tfiat tne·re 'is not a valid subcritical answer. The 
pro gran{ defaulteH to critical depth.'; · This warning is issued when the user 
has requested a s'ubcritical flow analysis but the program could not determine 
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a subcritical flow depth at the specified cross section. Since a subcritical 
solution was not possible, the program used critical depth at this location and 
continued on with the calculations. This warning may be associated with too 
long of reach lengths between cross sections or the fact that the flow analysis 
should be performed in the supercritical or mixed ·flow regimes. 

If the user had elected to perform a supercritical flow analysis, the water 
surface profile would have appeared as shown in Figure 9.13. As can be seen 
in the figure, there is an inconsistent drop in the energy gradeline immediately 
upstream of the bridge. A review of the warnings at the upstream inside 
bridge cross section revealed that the energy equation could not be balanced 
within the specified number of iterations and the program defau lted to critical 
depth at this location. The user should perform the computations in the 
mixed flow regime to determine if a .subcritical flow profile exists in the river 
reach. The program can only prov.ideJor both subcritical and supercritical 
flow answers when the mixed flow r-egime is selected. 

'· . ------ ----· 
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The analysis of the rivyr reach ip thesubcritical and superc.ritical flow 
regimes are not pr9~icied as pl~ns .for thi.s exarilJil¥:~ They were computed and 
presented to show 'what would develop lfthese-.ff~w regimes had been 
selected. However, the modeler can readily select these other flow regimes 
and execute the program to observe the output. For an additional discussion 
f01:. th~_descriptions of the warnings, errors, and notes, the user is referred to 
exaifipl. :J ~ndLtoJhapter 10 ofthe User's Manual: 
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Profile Table -Bridge Comparison 
<._I' 

Returning' to the mixed flow analysis qfthe river reach, it was observed that 
during the flow event, Class B low flow was found to occur at the bridge. For 
the low flow analysis, the energy and the momentum methods had been 
selected to be computed for the analysis in the Bridge Modeling Approach 
Editor. To determine which method the program used for the final answer, 
from the main program window select View, Profile Summary Table, Std. 
Tables, and then Bridge Comparison. This will activate the Bridge 
Comparisop Profile Table as shown in Figure 9.14. 

.. 
ffiTI Profile Output Table- Bridge Comparison . - -- ---.,~~~ 

·~A-.J :. - ! 0 .. ' ~ ... . ~ -~··· 

Figure 9.14 Bridge Comparison Profile Table for Energy Method 
Analysis 

The first two columns in the table show the reach and river station for the 
bridg~,l,?c;a,tign .forJJ;l,isexampJy, the_.Qridge) s I_9cated at river station 7. The 
third col~m-ri shows the energy grad line ele~a'tiofi that was used as the final 
answer for the analysis, 1282.99 ft. The fouith column displays the water 
surfac~. elevation (12lr2 ~ 10ft) th,at corresponds to the energy gradeline in 

.coluni;~ tJl f,~.~· · .. T~~J!f!h 90I4rr,u~ · ~isplay~ the ~ridge method that was selected 
as th~'Km~\-~'n-~~ef: , Fi,MIIy, th~ i~,i~th and seven~h columns show the results 

--ofthe''energy an',d' J11bmentum metho~s- since these two methods were selected 
to be computed: ·As can be seen in the table, the energy low flow method 
produced a result of 1282.22 ft for the energy gradeline. The momentum 
method ·produced a result of.J 282.99 for the upstream energy gradeline. The 
program selected the momentum method for the final solution because the 
bridge i ~ exhibiting class B flow, and the momentum method is the default 
solution wheri class 8 flow occurs. 

I l \. 1 

Cross Section Table - Bridge· 
. -

As an additional review of the output for the bridge, the cross section table 
was activated from the main' program window by selecting View, Cross 
Section Table, Type, and then Bridge. This displayed the Bridge Cross 
Section Table as shown in Figure 9.15 . For this example, there was only one 
bridge located on Pui:ah Creek at river station 7. The left side of the table 
shows the energy and water surface elevations for the river station 
immediately upstr.eam of the bridge (as_ shown i_n Figure 9.14). The right side 
of the table displays information for the two cross sections located inside of 
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the bridge. The bottom portion of the table displays any errors, warnings, and 
notes for the cross section .. As,is shown in Figure 9.15, two of the notes that 
appear at this river station notify the .modeler-' that Class B low flow was 
computed for this bridge structure. Whenever Class B low flow is found to 
occur, the modeler should perform the analysis in the mixed flow regime 
mode. 

~Bridge Output . . ··· .1~18 liJ 
' File Iype Qptlons t[eiJ:~ ,-
. River: I Putah Creek 

i Reach I Putah Creek 

Figit'r€~.15 Bridge ... Typ~·crBss~Section Table for Energy Method 
... - ,. "' 

This completed the review for the energy method analysis. As a final review 

1 i'· ~~the water : urfac~.pt~5ler~.11"~bpwn in Figur~ 9 .~.g ~trcwnsbe _r.e~,ttJ.h~~~. 
-water surface upstream of tneori0ge 01d noTencountertlfel5fiage oec1<mgfor 
the e'riergy-method analysis and therefore was calculated as a low flow 
profiJe. !'!~wever, the water surface elevation is very close to the bridge 
decking and, due to the tur~l.Jieht}¥1!Ve agti9n of the flow, may jump to 
pressure flow during the event. Tber.efore .. _an .additional analysis was 
perfooned.-with the pressurel-we.ir flo - .' option-s~lected for the high method. 
This is discussed further in the n~xt..:.~ection. . · 

~ . -- ---· ·- ----
r. ·'· . .:~,~~1-ep•i~J~L. ____ .. j 

.,,, r ior.oi i!tj i ·--- - -~- -- . -; 
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Pressure/Weir Analysis 

.. ·- . -- -
1 J dd -~ ~ I ~'i 

-.. 
''-',I ; J: I -. J, 

The w_!:lter surface profile in the vicinity of the bridge was calculated as low 
flow for .the energy method analysis. Ho.wever, for a pressure flow analysis, 
the program will compare the energy gradeline value of the flow with the low 
cord of the bridge decking to detennine when pressure flow will begin to 
occur. As can be seen in Figure 9.1 0, the energy gradeline elevation is 
greater than the low cord at the upstream side of the bridge. Therefore, the 
river reach was re-analyzed using the pressure/weir method for the high flow 
computations. 

To select the pres~u~e/weir method, the geometry file "Base Geometry Data­
Energy" was activated. Then the Bridge/Culvert icon and the Bridge 

l.. ,. ' ~ 1 \ 

Modeling A.pproach 1con were selected. The "Pressure/Weir Method" was 
the~ chosen for, th~~1igh~ ~~~·~aly~is .. ~:Jhi~?:Jr~qge Modeling Approach 
Editor.,issp.own as·Figure.,9 ,16. 1• ··~.; ·-··: :·,c_.,,·,,· _. 

Bridge Modeling Approach Editor .. -~~1 

f'il;.ii •": IJ- ~)·.:;~-.• 

Figure 9.16 Bridge Modeling Approach Editor for Pressure/Weir Flow 
Analysis 

\ 

' '! ·I ,,, •,: ! I ' ' o..l/, ' '.;, 

Fof'tne' p~e'ssure/weir'· aiuil)tsis, the editor a-llows three input coefficients. The 
1 · J' :I • ' <,;,If ~ I , _. o ,, • _ ... , 

1 
° · , ) . , , 

ftr.st coe.ffiq~wBh1~4}~~}?~~n ~~~ .lt~~t~?·-~.yJh'~~ ~ o~Iy the upstream s1de of the 
L ~;~9g · ~~S~Il&: 't§BPP~r,e;.~~.;, ~?.,C!~~~.'~et~~,le~ th~ field was left blank.so . 

that the table ·values wq\lld .Q.~ usee by the program. The second coeffic1ent 1s 
for the flow situa.ti6n when both the upstream and downstream sides of the 
bridge decking are submerged. This coefficient was left at a value of 0.8, the 
default valu.e. The final field is for the modeler·to enter an elevation value for 
the program to use to determine when to begin the pressure flow calculations. 
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Pressure flow calculations will begin when the low flow energy gradeline 
value is greater than·the value entered in this field. Tf the field is left blank 
(as for this example), then the program will use the highest low cord of the 
bridge decking on the upstream side. Once all of the data had been entered, 
the editor was closed by selecting the OK button. 

I 

Next, the ineffective flow areas were added at river station 8 (the river station 
located immediately upstream o.fthe bridge). A left ineffective flow area was 
set to begin 1 0 feet to the left of the bridge opening and a right ineffective 
flow area was set to begin 10 feet to the right of the right side of the bridge 
opening. Both of these ineffective flow areas were set at an elevation of 1285 
feet, the high cord elevation of the bridge. 

Then, the geometry file was saved as "Base Geometry Data - Press/Weir." 
ext, this geometry file and the steady flow data file were saved as a plan. 

This was performed by first ac~iyating the Steady Flow Analysis W indow 
from the main program window:·) if.he stea0yA1Qw window is shown 1n Figure 
9.17. Then, the geometcy,.apd ,stea<;!y f)pn.y:file, w~re selected by depressing 
the down arrows on the right side of the window. · 

•=== ---- ------------II steady Flow Analysis ;;.:.';~Dl 

Figure 9.17 . S!eady EJow Analysis .W,inp,o~ fqr,Pr~ssure/Weir Ana lysis 

'• '-' ' ' IIJ ' I I 1tl ,,1! -'- J ; , ..... !, ;. \' ,, 

.• .. io.. .. \ 1 '~1~~.. ...... :1:, i 1 :ur;.t t. ~H..:Jlltl~ .Jl;\,. · ~ · .... : 

Next, the Short .I:Q "Press/Weir" wa~ entefe.d in the upper right corner of the 
editor and the flow regime "Mixed" was selected, :Finally, F ile and Save 
P lan As were selected and the title ".Putah Creek Bridge - Press/Weir" was 
entered. This created a new plan with the pressure/weir geometry file and the 
steady flo~,_data. file. The plan, name then app.eared•at the top of the steady 
flow analysi_s window. (as well aspn the .r.nl:\il1,,P.{Pgram ~indow). .. 

·• 1 .. r"'t, _ o:... ";• •Hit ~~. 1 · .·1. 

After tb.e 1Q.e,w p).ai\ ·WAA C(r~a~~q theJ:::QM,RP,~¥· QY;ttR!l w.as depressed to 
activate1the ca)culati~!JS;~9tltt~y ., te~· ~W:~~c~ 1pr(i!f}J~. :, J.D~ user can activate 
this plan by ,selecting .Fil~ Op~n Pliu:l-,.andthen the plan "Putah Creek Bridge 
-Press/Weir" to review the remaining discussi0n of this example. 
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Review of Output for Pressure/Weir Analysis 

I" 

For the output for the pressure/weir analysis, this discussion will review the 
water surface profile, the expansion and contraction reach lengths, the bridge 
comparison table, the bridge cross section table, and finally the 3-D plot. 

Water Surface Profile 

The water surface profile for the pressure/weir analysis is shown in Figure 
9.18. As can be seen in the figure, the ups~~:pn wat~r surface profile begins 
in the supercritical flow regime. However, the energy gradeline at the cross 
section immediately upstream of the bridge was greater than the highest value 
of upstream low cord . Therefore, during the computations, pressure flow was 
found to occur and the water surface profile developed as pressure flow 
through the bridge. This pressure flow caused a backwater effect and created 
a subcritical flow profile upstream of the bddge. For the flow to transition 
from a supercritical to a subcritical profile, a hydraulic jump occurred in 
between river stations II and 11 .5 *. 

The flow through the bridge structure is again Class B flow because the flow 
passed through critical depth within the bridge. Finally, the downstream 
profile is supercritical to the downstream cross section. As before, it was 
necessary to perform the analysis in the mixed flow regime in order to obtain 
a water· surface profile in both the subcritical and supercritical flow regimes . 
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Expansion and Contraction Reach Lengths - .. 
As stated previously, the locations of the cross sections in the vicinity of a 
bridge are crucial for the accurate prediction ofthe energy losses through the 
structure. For this example, the distance from river station 6 to 5.5 *defines 
the expansion reach length-and the distance from river station 8.5* to 8 
defines the contraction reach length. Each of these reach lengths are 
evaluated below based upon the procedures as outlined in appendix B of the 
Hydraulic Reference Manual. However, these procedures were developed 
based on subcritical flow through bridges. Therefore, only the table values 
will be used to provide a general guidance for the reach lengths. 

Expansion Reach Length. To estimate the expansion reach length from 
Table B.l, the follow-ing informatj9n was required: 

b 
B 
biB 
s 
n0Jnc 
Lobs 

where: b 
B 
s 

90 
. 190 

0.50 
50 
0.035 I 0.025 = 1.4 
45 

bridge opening width, ft 
floodplain width, ft ~ , . 
bed slope, ft/mi , 
Manning's n value of the overbank 
Manning's n value of the main channel 

- average fength of o6Stii.icbori, 

F.rotp l .bJ ~,?~ ''"" \1~exg~osjpp....r~or}~Rl tYascJ't1te.[Jl!i:Fied t0 be in the range 
from I .2- 1.5. Using an average value of 1.3 yields an expansion reach 

length (~eJ,:<?t .. '· , . ;1,.' I or 'l':"to 1, · ,, _,0 .,. •l ·• t, · 

; , \ :··':t., ~ :l i \II._ t·· ·rr:iL 1· ... d:·.::. ~: t.f ti! · 
0 Le = .(ER) (Lobs)= ( 1.3) ( 45) =; 6Q fee.t 

If I ! I ~~~ ._ ... • > 

:~ ' , I . I • , . \ , r· .,, I\... , •'t )'. :· ' • • 

Fro~ th~, g~~D?~tpc dati, . fr~ ~!s~ance;fr~~ ri'r~(~~~t~~~· ~ to.? .5 * 'Yas set at 
5.0 fye1~ •• ,Tp.~. ~al4~j~, flRP.fON,WI\t.y) :(_.~<a.wtl,t?, ,tt\e, R ,BW~ion.,rY,<~;9,h , Iergth a~ 
deter,mined ~po,v,e and th~ . jpcation of t~e river,A~~~pns_ w.ere not adjusted. 

•i"L t'tl.: ·,,, 'I .tl 'r\,:_t... ;,1lll.:\i.l)•· 

Contracti_on Re~ch ,Length. :fo esti~at~ th.~ qo~tra~tion ..r~ach length, the 
contraction ratio.from :rable B.2 was determined to be in the range from 0.8 -

1 .-4IJ.l . in~ if -~Y: H~en 4we ·p£, !~.,~ tY~i~le~~ la \:<\cmtr~y~i.<;>n _~e.ach, le_!'lgth (Lc) of: 
o' 

' . . ;·': ··d1. , 11 •· ,,t.,!IL !, ·o~ o •'· u p t~;c(•: 

Lc = (CR) (Lobs)= (1 .1) (45) =50 feet 

From the geometric data 1~~1e contraction reach length was set to be 50 feet. 
For this example, the flow. in the main channel did not exhibit a large degree 
of contraction or expansion losses. This allowed for shorter expansion and 
contraction reach lengths, as determined above. As stated previously, the 
table values were used as a general guide, because the data of the example 
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were not within' tHe 'range of the·aata u·sed tto develop the regression 
equ~tlon s . "". ·· ·· -... , ·· '· ., - , ·· . 

Bridg e Comparison Table · 
I ,-,)•, ~~·1),:)"l ' l.{ I' •ft•'\ 4 ~ j .... \ ' " 1 

As was shown m Figure 9 .18, the ·water surface reflected pressure flow 
' "' • 

1 
• ' I" ·• • )) io 

throl}gh.J he bi:.i9ge.?tructure. To determine why this energy value was 
selected, 'ilie us~r ca~ revie~- th~ Bridge 'Coliip1arison Table. This table is 
activated from the main program window by selecting View, Profile 
Summary Table, S.td. Tables, and then Bridge Comparison. This table is 

• lt ': • 1· •, : •• 1 I, • , 

shown in Figure 9.19. 
I ' ! o 

As described previously, the first two columns in the table show the reach and 
river station of the bridge location. The third column shows the bridge 
method that was used as the final answer. The fourth column shows the final 
energy gradeline value used for the analysis. The fifth column shows the 
wa~~J s~rfa~~,t)la.t,corr.espond~ t9 thr- energy ,~~J ue in column four. The next 
four co

1
lumns (Energy, Momentum, Yarnell, and WSPRO) show the 

calculated energy gradeline values for these low flow methods. For this 
example; only the energy and the momentum methods were selected to be 
calculated for the low flow analysis. The solution of the energy gradeline for 
the energy method is 12'82'.22 feet. The momentum method produced an 
answer of 1282;9? fee.t. 'therefore, the program used the value of 1282.99 as 
the answer for the low flow· analysis (this is not necessarily the final answer 
as is discussed subsequently). 

Pf Profile Output Table - Bridge Compa;ison - - · 1 ?\, · 

l .. 

~i• o .. h: nt ')._~Utili!,")'!-. -~!-\ -·-c ~· _.,,.,. • r-1 tr-x 'Jt~. -l~t')r'~: . ~ 

·Figure;--9;1·9 , Hridge Comp:i-vjson Ta,blel<>r· Br~ssure/Weir Flow Analysis 
i_ .. • • ., l \. :i ... ~ ; l 

The tenth column (Pr.s 0 EG) displays· t~~ en,y.r.gy. grade line necessary for 
'oiily;pressure 'flowto \be .oecurr.ingtl1rough the1bridge. For this example, this 
valu'e· is ,1284·:19 feet: · The, program:'then ·compared this pressure only energy 
gradeline'to ·tt\e erfergy gradeline tHat was used for the low flow analysis 
(1282 ,99). · Th~ greater of the .two values was then used as the final answer. 
For this exarrl~le, the' p~essure only energy gradeline was the greater value 
and the program then 1used the pressure only me,thod as the final solution . 

I l ·. ~.,; l , ~ · 

" Ttfieo nillth· Q.oJt~~n . (l?P.s/Wr HG) .~hows the'c<!lc'u.lated energy gradeline value 
for the situation when both pressure and. weir flow would occur. This 
situation did not dey~lop for this example. For a further discussion for bridge 
analyses,' the user is referred to example 2 and to chapter 6 of the User's 
Manual and .c,hapter 5 of the Hydraulic Reference Manual. 

· · :r·'-.:1
i, ~.L: ~ l' ,·'. • 9-21 
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Bridge Detailed ·output_Table 

As a final tabltdor the review dfthe pressure/weidlow, the user can select 
the Bridge Detailed Output Table. This is activated from the main program 
window by selecting View, Detailed Output Table, Type, and then Bridge. 
This will display the table as shown in Figure 9.20. 

As discussed previously, the left side of the table shows the energy gradeline 
and the water surface for the cross section immediately upstream of the 
bridge. (These values are the same as was shown in Figure 9.19.) 
Additionally, the left side of the table shows that there was no weir flow 
occurring over the bridge decking. The' right side of the table displays 
information for the two cross sections located inside of the bridge. 

e Bridge Output - , . . . : . , :<i _;_{1{,;1a li!J 

Figure 9.20 r'Bhdge Detailed Oll'fpu't Table for Pressure/Weir Flow Analysis 
A 

V" - . -

1 II( ·'1(·1 
r ...•. ._. .. , .. , ............ . . 
. .,,...: ... '•(~ 
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The bottom of the table displays the errors, warnings, and notes for the river 
station. At this bridge location, the notes sho,wr.JJn .. the figure indicated that 
the sluice gate equation,,w,as used for pres:?ure flow. This equation was used 
because the water surface elevation at the river station immediately below the 
bridge was less than the lowest value of the low cord for the bridge. 

; '·I . ·'·· 1: ~I ..._ Jq, .... - i '-'•,'~ •-.J ,, i 1 : . ~-~;,H.: 'J I 

X-Y-Z P- . t" . PfJ'.t ._.rj (JJr.~q.z.J,~ • .-. ,,,c.:· 
.. " . , _. -e.r;sp,e.q, 'Y~- ~ .... , : .. v· _ . 

till;~ !r.: l,j ~· -' " I ol_l~ 1 • '• .. J 

: 1 :··:' • '· As a finaLreview of the pressure/weir flpw .analysis, the X-Y-Z Perspective 

II 

. .. ,d - '-•' 

•·. 

plot was viewed. This plot was activated from the main program window by 
selecting-View an~ then X.,.Y-Z Perspective Plots. This plot is shown as 
Figure 9.21.. The user must be aware of the fact that this plot can be aligned 
according to left or right edges of the cross sections or by the main channel 
left, centerline, or ~ight bank stations. Additionally, the alignment is based 
upon the.X-coordi!'(ates as entered by the user.- If the X-coordinates for the 
cross sections are ffofall established from the same left baseline, then the plot 
may not be accu.raTely;poil:fayingibe con:ect co~figuration of the river 
system. - ·~,-;: ·; : 

\ . . 
~ :-·' ? ~l,.l . ..!. [, ... 

Plan: Putah Creek Bridge - Pre,ssfWeir 
Geom: Base Geometry Data - Press/Weir · Flow: .. 1 oo Year Discharge 

.·. -\ " ..... '>>j 0 "" I 'If}.,,, '"o l -.:,_, .. 
t\ .• ' 

't t --

L -· '.·.<·: -:.: .... ..:,....) ;! -· • ., . .... - -- -·L ·-·~ 
Figure 9.ffX:-V:ZTPerspective·Pfot for Pressure/Weir Analysis 

t -.'. ' .• • • ~ ' t j 

I • 
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As a summary for this example, a profile plot for ,both the energy and 
pressure flow analysis is ·shown·as Figure 9.22:<-0nce the plot was activated, 
Options and Plans w.ere chosen and both plans were selected to be displayed. 
The heading at the top of the figure displays the Short ID ' s that were used for 
each plan : 1) Energy and 2) Press/Weir. The legend displays two lines for 
the critical depth and two lines for the water surface. Both of the critical 
depth lines will coincide since the flow rate was the .same for both plans. For 
the water surface profiles, the lines are labeled "WS 1 OOyr - Energy" and 
"WS 1 OOyr- Pressure" for the energy and pressure methods respectively . 

(Note: For this example, each plan only had. one profile.) Similarly, the 
legend description fo r the-solid-)¥ater; urfaoe;profile signifies that this line is 
for the first profile of the energy plan. 
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Mixed Flow- Example 9 Plan: , 2) PressNVeir 
Geom: Base Geometry Data- PressNVeir Flow: 100 Year Discharge 
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Legend 
------- __ ..._ ___ --- -- · 
Cr~ 1 00 yr - Energy ___ __ ____ ,._ ________ _ 

Cr~ 1 00 yr - PressNVeir 

vvs 1 00 yr - Energy 

VVS 1 00 yr - PressNVeir 

Ground 

'- 400 . ' ,, 6(i)Q _.,. ··-60(i) ... '. · 108()'' .' ·. •1200 

Main Channel Distance (ft) · - • 

. llt.r ' 

Figure 9.22 Water Surfac·e prb'fi les for botn1 Eiiergy. and Pressure 
Analysis 

A revie~ ~~~i~~~~ ,9.'·.2~ ~h_,?~~ ~ ~~~s.?~~g~( dt~~T~~c~ ,~? th~_'caf~ulat~d wat~r 
surface prqfiles !or,$((,tw(? . .P l ~,ns , . .burmg th e1energy analysts, the water 
surface does not encounte'r the bridge decking and this lead to a low flow 
profile. However, the pressure analysis determined that the water surfac~ 
came in contact with the upstream. side o£ the. bridge. With both of these'--

_·1=~~0-~~:_:-~ ~e17malyses.,_the 111.9Jieler must use engineering judgment to determine which 
· e YJ ._:ptcifileAaetually~.occurring. . . _ 

. · ...... •r· ~. -:.1 r I ',t-' .,, ., ' 
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Example 9 Mixed Flow Analysis 

Realistically, for this example, as the flow rate begins to increase to the value 
of 3200 cfs, the flow will most likely be a low flow profile as calculated by 
the energy method . At the flow rate of 3200 cfs, the flow may also initially 
be occurring as the low flow profile. However, the water surface 
i111media~e!y upstream of the bridge has risen due to the constriction of the 
cross sections in the vicinity of the bridge. If the flow is sediment laden and 
as debris begins to accumulate in the vicinity of the bridge opening, the water 
surface may begin to fluctuate due to the turbulent nature of the flow. These 
water surface fluctuations may become great enough to cause the water 
surface to come in contact with the upstream low cord of the bridge. When 
this occurs, the flow may "jump" to become pressure flow through the bridge 
opening. 

'I 
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Examnle I 0 Stream .Junction 

EXAMPLE 10 

Stream Junction 

Purpose 

This example was performed to demonstrate the analysis of a stream junction. 
The program can analyze 12 different types of junctions. These 12 types of 
problems are obtained by combining the 3 flow regimes (subcritical, 
supercritical, and mixed) with the 2 geometric configurations (combining or 
splitting) and the 2 analysis methods (energy and momentum). For this 
example, a subcritical flow combining junction was analyzed using both the 
energy and the momentum methods. 

The discussion of this example will focus on the analysis of the stream 
junction . The modeler is referred to chapter 14 of the Hydraulic Reference 
Manual for additional discussion on modelirtg stream junctions. For looped 
networks, the modeler is referred to example 8. 

To review the data files for this example, from the main program window 
select File and then Open Project. Select the project labeled "Stream 
Junction- Example I 0." This will open the project and activate the following 
files : 

Plan: 
Geometry: 
Flow: . 

"Junction - Energy" 
"Base Geometry -Energy Junction" 
" 10 Year Profile" 

Geometric Data 

The geometric data for this example consists of the river system schematic, 
the cross section placement, the cross section data, and the stream junction 
data. Each of these components are discussed below. 

River System· Schematic 

To view the river system schematic, from the main program window select 
Edit' and' then Geometric Data. This will activate the Geometric Data 
Editor and display the river system schematic as shown in Figure I 0.1. The 
schematic shows the layout of the two rivers (Spring Creek and Spruce 
Crer k) broken into three reaches: Upper Reach, Lower Reach, and Spruce 
Creek. The Upper and Lower Reach of Spring Creek are divided at the 
junction with Spruce Creek. This junction occurs at the city of Pottsville. 

I 0-1 
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"\/ 10.212 ,- 0 094 

\\- 10 .195 I 0:079 

.(~r 
~J ·' 10.177 ..:; I 

r ~ 7- 0.062 
? \ f(; J 
,o <!:\' 10 .158 ;jj 0.047 

Upper Reach ~/>/ 10.141 JI;. / 
\. I' 

/ 1 o.1i4- o.029 
\ I 

\ I 

\ '/Cb1WJ 
!=-ottsville \ ,., 1 0 .091 

>< 

Spruce Creek 

' / 10.073 
/ 

<S' :'0, 
. -;'"; / 10.054 

.p-

Lower Reach ~~~),.__.- 10.035 
r \ 

-· 10.018 
~ 

• ""';/ 1 0 .~00 

To create the river system schematic, the River Reach icon was selected and 
a line was drawn in the downstream direction. Then, the program requested 
the name of the river and reach . The titles "Spring Creek" and "Upper 
Reach" were entered respectively. Then the River Reach icon was selected 
again and the "Lower-Reach" was sketched. The program requested titles for 
this river reach and then prompted for a tit!~ 9.( the_ stream junction. The 
name "Pottsville" was entered fqt the_weamjuncfion title. Finally, the River 
Reach icon--was selected a third time and the Spruce Creek tributary was 
drawn and labeled. This created the river system schematic as shown in 
Figure 10. I (without the river sta'tions). The cross section data for the river 
stations were entered next and are d~scribed subsequently. 
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..... . ,1'• 

Cross Section P·laceinent · 

The lo<;Mion .Qft))e c.~o.ss ~e_c~i?n__s )n rela!!'on to the stream junction are crucial 
for the accurate calculation of the energy losses and the water surface across 
the junctjcm. There a~e-th~ee criteria that can be used as guidelines for the 
placemen} of the cross sections. First, the cross sections should be placed 
close to the stream junction. This will allow for a more accurate evaluation of 
the energy losses when performing an energy analysis. For a momentum 
analysis, the program assumes that the water surface at the two upstream 
sections of the junction are equal. Therefore, to minimize the error associated 
with this assumption, the cross . secti~.ll§._S.h.c;>~_d b~ cl9sely spaced around the 
junction. 

~. . ~ . 

The second criterion is that the data u~ed foAr-.th-e4 c~oss. ~ections does not 

overlap. The cross section data is acquired from a line perpendicular to the 
flow lines. lf these lines of cross-section data intersect upstream of the 
junction, then the flow area may be accounted for twice and produce incorrect 
results. As shown in the schematic in Figure I 0.2, the crpss sections 7 and 1 
for the Upper Reach and Spruce Creek would not be portraying accurate flow 
cross section data. Part of the flow area would be accounted for twice and, 
additionally, the cross sections would not contain the flow in the overbank 
areas. The cross sections numbered 8 and 2 would more accurately portray 
the flow situation because they do not intersect and the entire flow area is 
contained within the cross section data. 

U pper Reach 

' ' 

Spruce Creek 

, --T \41----.., 
_,..f 

' 
·' 

, .. 
I ..... ; 

8 

7 

···l'' '· :i_ .... 

..... 

. ~ ;.""'-i \ l :·. 

.::~/ .. Lim it of 

Water Surface 

Figure 10.2 Cross Section Placement Schematic 
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Finally, a third criterion is concerned with the fact that the program is a one­
dimensional model. Therefore, the cross sections should be located in regions 
where the flow direction is perpendicular to the section. For example, as 
shown in Figure I 0.2, the cross section number 6 shou ld be placed adequately 
downstream from the junction so that the flow is predominately in the 
downstream direction. This cross section should not be placed in the junction 
where the turbulent mixing of the flow is occurring. However, as discussed 
previously, the cross sections should be placed close to the stream junction to 
accurately evaluate the energy losses across the junction and to provide a 
reasonable result for the momentum method, which equates the two upstream 
water surface elevations. Observations of water surface elevations at high 
flows can assist the modeler in determining the appropriate locations for the 
cross sections. 

Cross Section Data 

To enter the cross section data, from the Geometric Data Editor select the 
Cross Section icon on the left side of the window. This wpl activate the 
Cross Section Data Editor as shown in Figure 1 0.3. Cross section data were 
entered for each of the three river refich~s for this example. The top portion 
of the editor shows the river, reach and the riv.er station. The river stations 
correspond to the river miles of the specific river reach. Additionally, a 
description was entered for each river station. 

Cross Section Data:..:_Base ,Geometry ::- Energy.Junction - .:;~~ 
E&,it ~dlt QJ;Jtlons !:lot tielp 

Reach; I Spruce Creek 

l')es6riptioh 1 · ~--~--:---::----::::--~::--:~:-:----~-~~ 

Del 

7si5 
' 75.95- d \ 
73.05 

·69.35 

Figure 10.3 Cross Section Dat-a Editor 
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The left side of the editor is where the station and elevation data for the cross 
section coordinates were entered. The right side of the editor displays the 
entered values for the downstream reach lengths, Manning' s n values, main 
channel bank stations, and the contraction and expansion coefficients . The 
downstream reach lengths for the last cross section of each river reach shou ld 
be set at zero or left blank. Therefore, for this example, the downstream 
reach lengths at the river stations of I 0.1 06, 1 0.000, and 0.013 for Upper 
Reach, Lower Reach, and Spruce Creek, respectively, were set at 0. 

Finally, any levees, ineffective flow areas, blocked obstructions, etc. would 
be entered at this time. For this· exan'lple, the 'flow and cross sectional data 
did not provide for the use of any of these options. 

Stream Junction Data - Energy Method 

The final component of the geometric data for this example is the stream 
junction data. To enter the junction data, from the Geometric Data Editor 
select the Junction icon on the left side of the window. This will ac~ivate the 
Junction Data Editor as shown in Figure 1 0.4. 

J Junction Data - Base Geometry - Energy Junction ·· · · ::,~~ 

( Jcmction Name-
_j~ ! 

. . : .... , ··~ .. ' 
Figure 10.4 Junction Data Editor for Energy Method 

To enter the stream junction data, first one of the stream junctions was 
selected by depressing the down arrow adjacent to the Junction Name box. 
For this· example,lliere was''O'nJY one junction, which had been named 
"Pottsville" and this junction name automatically appeared. Next, a 
description for the.jtmction was enter~d. T,he entire description can be 
viewed by selecting the" ... " button. The" .. . " button can then be re-selected 
to exit the description display. 

The-next item of information required is the stream lengths a , ross the 
--'' · .... junction .. The. table at the bottom left side of the editor will automatically 

display the names of the river reaches at the junction for which the user must 
enter the reach lengths. For this example, a reach .length of 80 feet was 
ente'red as the distance across the'junction from Upper Reach to Lower 

1'-"'"1_1 fl• , 

I 0-5 
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Reach. The program. will then use this di$_tance_of 80 feet as the length from 
river station I 0.1 06 .(the downstream.rivJ:~'r'Sfution of Upper Reach) to river 
statjon 10.091 (the upstream river station of Lower' Reach). Similarly, a 
distance of 70 feet was entered as the length across the junction from the 
upstream river station on Lower Reach (-1 0.091) to the downstream river 
station on Spruce Creek (0.0 13). 

The last item for the Junction Data Editor is the Computation Mode. The 
user must select either the energy or the momentum method for the 
computational procedure. For this example, the·energy method was selected. 
After the discussion of the output for the energy method analysis, the 
momentum method wiU be selected and the results from the two methods will 
be compared. A dis~ussfon on t'ffe comp1

utational procedures for each method 
will be addressed during the review ofthe output for each method. 

The selection of the energy method for the junction analysis completed the 
geometric input for this example. The junction editor was then closed by 
selecting the OK button. Finally, the geometric data was then saved by 
selecting File and then Save Geometric Data As from the Geometric',Data 
Editor. The title "Base Geometry - Energy Junction" was entered for the 
name of the file. The next procedure was to enter the steady flow data. 

Steady Flow Data 

10-6 

To enter the steady flow data, from the main program window select Edit and 
then Steady.Yiow. D.ata, _ _Ibis__w.illactiyate the_S_tea.dy Elo_w Data Edtior.a.s 
shown in Figure 1 0.5. For this example, the number of profiles was selected 
as one. When this number was entered, the table for the steady flow data 
adjusted 1:i:Ntee6Ufitifor' th·e1 H'tim:O'er Hl'prBf!H:lHha ··-were selected. 

\'<.f '-lr!th"l i() -i)lt llil~ .Jm,n;;lrC';J!11 rin:i· -,1\-ltinn,,, · 1 .·· · 

Next;'th'J!flt)~ ~lJ<ue's1 Vj,eJ-eflerlfeted :t<'tfhe1 us~t mu~f hter a flow value at the 
ups'fream eri~ldfeach'1t-ivei-'?eabn11HCftbtn%tBHN'6r'th·e flow data will 
automatica11fdisplay1fne upstreaJfl-:n:~er statf2~s for 'each river reach. The 
values of 1 100, 3000, ·and 4 I 00 were then entered as the flow values at the 
upstream river stations for Spruce Creek, Upper Reach, and Lower Reach, 
respectivery: '· i(' . ;:>'1 "I'"" ·':!.:t ,01;11' 1'- ilh" llltlj'ltl.!lliJ"! · .• ' 

j ~ • I 

Aftef"the steil:dy~ 'flow ;Va1ues we~~:enteT&d'; thei b'dlHidary conditions were then 
assigned . This ~as ·performetr by s·e!e6tiO:g'the2Boondary Conditions icon at 
the ~o']J1of•the .~il1dow: uf._l'i-is 'aC:~~~dtP,Pi Bqulttlary ~onditlon's Data" 
Ed_ito'His'Shown _in 'Figi:If'~! 1 0 ! 6~1As c ~\hWW~W·ttr~ flgb+i(a table is displayed 
that lists· a1fofthe riveneaches·. •lThe ta:t'ile 'WHNlut'omatically display any 
internal boundary conditions such as stream, junctions. These internal 
bo"undary 1c'Oiiditions"<lre1 b>aseifllJ)oh 1h'6W1ful:l1PNe"r ' ysh!m ·wa's' l:h~fin "etl' by the 
georrietr:ic crab1~' lfh t:i.lu~er ·ean• iilien ~Htef1liey i&RterH!trNnind il-Y\ corl'dition for 
each river reach . ··''~ 1 ' '· • ,., ·' • · : .. '"· ''· ,!,,.. 

J I rtl • • •' \il!t~·~··~t ,);l',} \!" 1!• ' 

~ .. 1 . I !'L: \ ,•l. \." 1 f ,. 
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For th is example, a subciitiCal analysis was performed and therefore a 

downstreap),'9pq~~~~1~~~;fL9f 1 ~: ·.~.~11 ~~8-· ffY~~i~~ ~~ ep!~~ed for ~he Lower 
Reach of Spz:mg{rr\l~f · .,~Q,,,en,te~ nw po;u~J .tli.Y. ;S?fidltiOp, the downstream 
field for Lower Reach ,was selected and then the boundary condition Normal 
Depth was ~hosen . A slope of 0.001 was then entered for this boundary 
condition . For. a fur.ther discussion on boundary conditions, the user is 
referred to chapter 7.ofthe User'~ Manual and to chapter 3 of the Hydraulic 
Reference Manual. 

After all of the steady flow data had been entered, the steady flow data file 
was then saved by selecting File and then Save Steady Flow Data As from 
the Steady Flow Data Editor. The title "1 0 Year Profile" was then entered 
and the OK button selected. 

,! ' 

Steady Flow Analysis. {~t'reath:,~it:fiJ:~~iP~h~ ·energy 
Method) 
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After the flow data were entered, the steady flow data file and the geometry 
file were saved as a plan. This was performed by first selecting Run and then 
Steady Flow Analysis from the main program window. This activated the 
Steady Flow Analysis Window as shown in Figure 1 0.7. 

Figure ·lO.Y Steady~ El.ow.Analy.sis . W.indow. 1.: Stn1d~· Fl0 w ., ... 

'. I 

At the top of the Steady Flow Analysis Window, a Short ID was entered as 
"Energy." The next step was to select the appropriate flow regime for the 
anal~sjs . . J or is ,e· .. ·. , he. ~anit" Q]tr 2_' :a .s~l~cted . Then, the 

-C ~ . ~.H 1" .. !(. ~ >L ~ ·• 
geometry-me tt3ase eometry - nergy Junction" and the st-eady flow fi le 
"1 0 Year Profile" were selected by depressing the down arrows on the right 
side of the window. (Note: At this point in the example, there was only one 
geometry and one flbwfile. Therefore,, this step, w;as not necessary .) To save 
these files as a pla14 select File and then Save .P.lan.As -: The title ''.Junction-

. 1' \ /i l.il 
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Energy" was then entered as the plan title and the OK button was selected . 
. This asso'cl'ated 'the 'geometrY and the steady flow file as a plan and the name 
ofthe plan then appeared on the Ste~dy Flow Analysis Window (as well as 
on the mai'n program window). F inally, the COMPUTE button was selected 

\:1\. • • r ~~ • · j • 1 r I \ 

to perform the analysis.· · 

Review of ~utp~t. for Stream Junction Energy 
Analysis 

To review the output for the analysis, the user can evaluate the data in both 
graphical and tabular. forllf.at, J?:or,t~ is e~ample, the water surface profi le and 
the standard tab le.,? prpfile table wil,l ~~ r~v1ewed . 

wate·r surface P'rofile ·'' J. ' .):,': 

• I 

To view the water surface profiles for the analysis, from the main program 
window select View and then Water Surface Profiles . This will activate the 
profile plot as shown in Figure I 0.8 . The profile in Figure 10.8 displays the 
energy gradeline, the water surface elevation, and the critical depth line for 
the reaches of Upper Reach and Lower Reach. From the fi gure, it can be seen 
that the flow regime is subcritical because the water surface profile is above 
the cribqaY ~~pth l i~e . . Additionally, · t~e energy gradeline displays a constant 
incr~{i.Se in energy jn the upstream direction. Abrupt changes in the water 
surfa~~ - proftle. or the energy gradelirie should prompt the user to closely 

. , ~ amine the flow situation at these locations . 
.J.-. •l•fit.'_\ql~!.l"l~ll]~\::-~-~ ... ~, tr''"i\ 1·t!:l.·\t . . 

... ... t~'! .. · . . , .. " ' .. lif!i .. -3" i.,,.. ~i:/,ui;\~ ... , -\wd; ~. ' ''t''' ·~4, • 
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At this time, the user-can select which reaches to be displayed by selecting 
Options and then Reaches. In this manner, the water surface profile for the 
combination of Spruce Creek and Lower Reach can be viewed. The user can 
also select to have all three reaches displayed simultaneously . 

To determ ine the water surface-profile .across :therstream junction, the 
program used the ener:gy based:~_ol lJ.Pi9nrroutirt.e.ior.this plan. Since this was a 
subcritical flow analysis, the progr:am started the calculations at the 
downstream end of the Lo~er Reacl{ and computed the water surface profile 
up to the upstream ' r.i;vef~st~Hi-oij ,of ~ower ;Reach (l0 .091) . Then th~ prpgram 
performed standard step calcul'ations separately across the stream junction to 
each of the downstream river stations of Upper Reach and Spruce Creek. 
During each of the separate calculations, the friction losses and the 
contraction and expans-ion losses were.calculated t o balance the energy from 
river station I 0.091 to each of the river stations 10.106 and 0.013 of Upper 
Reach and Spruce. Creek; respectively. By perform ing the calculations in this 
manner, the downstream water surface elevations of Upper Reach and Spruce 
Creek do not necessarily have to coincide. 

• .I . 

Standard Table. 2 

As a further review of the output, from the main. program window select 
View and then F rome .S.umm.acy,:rat?le ... :~.Jhea , s~l e.ct:S.td. Tables and then 
Standard Table 2 . This·will resuJt in the .display ~shown in Figure 1 0.9 . 
The fi rst two columns in the table are in fixed format and display the river 
reach and the river stationing. The columns in the non-fixed area of the table 
(1:}5 shown in Figure 10.9) display the energy gradeline, the water surface 
elevatiOn, tne ve ocdynead, tlle- frictioii.l'osses;linafue_c_ontraCflonlexparision 
losses. The remaining portion of the table can be viewed by depressing the 
left amdrrigbt aJTO}'YS. , <U :the.~bt0tt:Prn , pfrth~ .WiQ<!,ow.hL ,, .. , ;j; l \ . 

"" ~ 0 \. dJ1l ~\... ~ ~ \);.J (.~ j }l':"- .1 \1i~"l lli,ll il ·~·•·. ti ll... \\, fi :.. ·;- -.'.tl!ih 1 , • • · , 

The table in ·Figure.·· l0.9 can be rev.iewed to,.foUo.w:the_standard step 
computations .acros.s t th~ ,s_tre,amjitn,ctJiop , ;~ :rJ'\.e ~~Ci!lig;)'Hgradeline elevation for 
the upstream river station of Lower Reach (1 0.09 1) was 75.86 ft. When 
calculating ,tbe ~o~riD<;Jo_~~St~n ~SJ th..e ;.s.tr~ami)urmtionrflj<DmJi,ver station 
I 0.0.9l lto,MkJ 06..:(~h~I<i.GWfh5~~~&ro l niN~n st~ti~>Qf')UppeJi~each)r.the program 1 

determ ioed ·that th~l [niption, Jqs~J')¥1!\S: {) Jl9. rfeet ta.Ji!.d.:thetoontraction/expansion 
loss w.as, 0,~Q6..:f~et. 1 1llle$.~v~u~~ldi&play~:ian!..W~ JiO\M f<t>r the , Upper .Reach 
station i Oft l 1f).JW6n : .@~summiog th~s~.Jo.~se~<a::tPt~l JeJll'~tgy loas om:Q. ~0nh ·0.·06 
= 0:16, feet .i.$;1l>;i()tam~~ r"1.h~ th.1~)Q ·l:fufetttr~:f~~~ID!:-.was added 1to :the ,, 
energy of:75;86 if~et..>tu 1obt-ain a:D~ ·~ner:gy va~j.t$tOft0J 6. + ,¥. 5 :86 = 76.02 feet at 
river station I 0.1 06 ., ._(Not~. The :table(i)nly:diSpla)(ed .the .values to two 
decimal p·lac~s--andr·round1ng .of.numeciGal<Y<allues. <D~curte<iL} •T:he .. st~~dard " · 
step procedure was theo ·!Wntinued •tJtp.stre.aOl ~hrol!lgh: the reach ·of Upper"·' " 
Reach . . :.; ··:j1lln_ ;'t:\.: 1 ............. ,.,.P...:'\~1\\,.1~· ,1, Jl~..r:~.r;l: I:_· -~11 .. '1 ~· .,-. =· 

., .. ~ . " ' '·'i·e:'ll' • 'l!·~,r ·.1 :r!' 1 ... ·' · ... 'i•.' .liitill"'~- ) ·• · ·· \' .. 1 1<~' ." , .. · 

. ! ') .·1l ... ; ~'p~. 11\.' ! r' 1'1 4• ilh11fl ~)!'()! __ · · ; ' ! ~ '\ (. 

.. ··· ~ .. lt ' 1 l'l \,fi c' Ullllll<l! '. j ~I lilt'. I iltll- .'>t..: l 'C: :Hd . l .:.l i~'.; . . 

'• !H!~lrd ·J ahl \ l -~ · }.;· .. _\\ iii r;,._~.JII ti l lilt.; di~l)ld\ d'"l "' 1~ n\ li 

.,~~ 1 .• ~ t 1 ,111,~ \1\" li i ~,..\d IPflil't. lj, .• 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

;\ r, ., .• ~ 

,i• ' ' ; I I ~ • t \ i ~ ' ' ~ 
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Figure 10.9 Profile' Stanilard 'Table 2 for Energy Junction Analysis ,, 
' .. 

-similarly: the user can toggle the table to display the information for Spruce 
Creek and follow the same procedure to determine the energy losses across 
the junction from the upstream river station of Lower Reach to the 
downstream river station of Spruce Creek. (Note:Jf the table does not 
display the information for all of the river reaches, the user can select the 

~' : 

appropriate reaches-for·displayrurrder.the Options menu.) 

I ' ~ ....,_, ' 
I ··~ :' -,.. ,·.,, '·• ·. ! 

• -"'':... ·-.~.t :r~ t·:·~r,t.IJq:i 'lt.lT~!. "~ -..... . ;.1.) ' ;'1H:·i·'tt;"· "~ ::·'l.q !~'-\\.: 'r.t'i('~ · 
• ~ ~ l ' 

Ste~tly Flo\\t~n;~~.~-~~~~J-~(~~~~'!l '.'~!~nc~.ion Momentum 
Method) , · ·ilJI ' .,({,· ,·,~i1:H:-- _ ... -.. !•,,;,:,;;, ,: .. ;;; ,,v_-· .. . 

. . '•) ~· ... 
• :, ,. ~~ pr;ppt• ' t.::: \~:t~nu·.,,6 , : i;. ,,:,J,'l! 'lt ~Hn'\;.J~· t 1 '~ '" "' •.r.i-.i.U"' '· t :.:-,,"it .. ., 

, .. 't;·1 ~?·}c'l ..;' ('< \- ~.~ ~N'~'tll!~ 'e'Nefgy·WFB«rra~-•'S*ti!t;tiS'~o lan.a:IJ'!~~- th~: s.tream junction, the 
" ... , ''-.\co · :P'Cifktitii'l 1~~eaol;e"w~s drati!Sedttcr_t he momentum method. This was 

'! ··.•~p{Hormecr · l:iyi6peiiihg'·tl1e ' <ii'Mrn~ttu~ D~ta1Editor and selecting the 
••• · ., I L'•'' : :'l tlliiiilird'fi~l 8'o-h 1 oi1~Ht-PI~"'Side~-uf.the •Wind0\¥·. • :Th is will activate the Junction 

~- tj · '·-··t · "'D'a-faiE(tlitor l~ir's'111l5wt~1n "Fi~ttJ!e (JO ;.ro: ;-.• ~.,.:';'H· · a · -

-; ",' fl1t~'c'8rrij:)bh'en~s~ :ofiJiliicti'on N illl1e~ 'Description; and Reach Lengths were 

..... •. 

· · kept th'e '!;'ame'as described for. the energy method analysis. However, the 
Computatio'n Mode was sel~cted as Momentum for the subsequent analysis. 
For tn'eniomenfunfriie'thod;'tlie:tis~?rrrn!rstehter-.the angles at which the 
reaches =are ehtering or leaving the junction . For a flow combining situation 
'(sucJi'as this examj:He); the' us~e~: must e!!t~D.h_e_?_f!g!es of the inflow reaches as 
measured from 1:r1'ine·p'erpendicvlai- to the• upstream cross section of the 

• 1, •. 
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outflow reach . .(Note' Figure4 .. 2dn·rthe Hydr:aulic·Reference Manual wi ll 
assist the user to visualize the flow angles.) 

nction Data - Base Geometry .- Momemtum-Junction · '· .·. :;f¥;:f.~jl 
'lli'. ' 

Pro tsvTIIe • • 

Figure 10.10 Jun~tion Data Editor for Momentum Method 

-. ·1' ., "' , I ' ... '• ' .. 

For this _exarnple, t~~,trib1ut~,an&lefJ:o,'!l ~·J?P9f. ~each t~ Lo~~r Rea~h was 
entered as 0 degrees.· Thts tmphes that the .fiow wtll contmue tn a stratght 

~- J l·~\'\::\t~l ... ;t....,1o~ 1 · .. c·+'rq, .• ~.· l 1 

line. The flow angly from Spruce Creek .to 'Lower Reach was then entered as 
45 degrees, as measur~d from the survey data. 

I I I ' j 
1 

~ •• - I 
1 

l • lj : '1 \. ~ ' 'i \. \ , f ' • 

Finally, the user must select whether th~ · prograrp ,~qou ld include the weight 
and/or the friction terms in the momentum equation. For this example, the 
terms-were-included by selecting the appropriate-boxes in the lower right 
corner of the window. The user should r~fer t9 chapter 4 of the Hydraulic 
Referen~~)~1anu~1Jo~ afyrther.,qj~9H~s·?rd1{S\\ J11RI1\~At r1 eq~.~ti~p.s.. , 

.. ·.')1 • 

After these changes were made, th.e Apply Data button was selected and the 
junction editor was closed. Since th is geometry file was changed, it was then 
saved as a new file. This was performed by selecting File and then Save 
Geo~t.I!YaA-s. Wtte-}it!l~-".Efase Geo~ Momentum Jtirl'atidil~!lJJ'W:as•'entered 
and the OK button selected. Then the Geometric Data Editor was closed. 

;;; • ~ - . .-. . :r 

From the main program window, Run and then Steady Flow Analysis were 
then selecfeo. Thisac iVa eo flfe Ste:idyFlo~Analysis- 'Wi!ifd·(f~> a§' '§ffown 
. . .. - - • . • . •· • - I . .... .. , - --·-
tn tFJg~f~aJ <Q .,JA . _ !_pr~·_:)<:.~L__ __ __ -"'' ' · 
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II steady Flow Analysis · ;,'f~£1 

FQe_ QJP~O(ilS l'i¢Jp 

I _ P[a~·: !Momentum 

.. ,. F~gur:e, tO.p S.te~py Flow Analysis Window fo r Momentum Method 

In the upper right comer of the window, a Short ID was entered as 
"Momentum." Then, the geometry file "Base Geometry- Momentum 
Junction" and the flow fil~ "1 0 Year Profile" were selected by depressing the 
down arrows on the right side of the window. Next, the Flow Regime was 
selected as Subcritical. Then, File and Save Plan As were selected and the 
title "~unction- Momentum" was eotered, This plan title then appeared at the 
top o(the windO\'lf (as well as on 1)1~ !1lail1 program window). Finally, the 
COM::PUTE button was selected to perform the analysis. 

I ' ;. • i • ·' 

Review of 0utput for Stream Junction Momentum 
Analysis ' ~ 

., t , ·.:· ·' J- . 

Td' review the ouq)ut for the analysis, the user can evaluate the data in both 
graphical and tabular format. . For this example, the water surface profile and 
the standard-tabie2 .profiTe table w ill be.revlewed7 .. 

,. • • • • • ,· J·- --{,- J; ... [_;,ili!~;(J_~- ":,, 

···'- , ~-~· ' 1'' 'I ~:~Wc:J~ter'Sutf-ace ·Arof.ilePn ., , ~ ': "d:::.:-.1. 
;.\ • ' 1 • p tf{,_' u;;{,f\ l l ~ p f_i @ i~,_i 1 

' \f1 ~J ~ ;; (!IP,C.; 

· "· ·· To view t.he wateF surface-profiles .for the analysis, from the main program 
' w'i11dC>w select View 'and then Water Surface Profiles. This will activate the 

,,;!i·.-,_ ... _;:;n :-;n" · - ~~6'fll g 1~16t _:a:d!iB:Wil'in Figilre''I'O.f2:· •-'~" 1~~ . ~).; .,c-
. · · ·f · 'i l ''"' · · ~ ·""~ \. \' !' .:, t r -' ,t 1 ~~ tJ ·-: ' ~ ~ ! ~,, , 

Th·e pr6f!ie'plb't_s'h'o'wn 'in Figu're 'ro. 12 is similar to the plot as shown in 
Figu·re ro·.s,\~~b~ptFigure 10.12 is for the results of the momentum analysis 

.. ... , , ;:. , of:th.e, s~~efi,mjun~tjon_. Figure.l O.J 2. shO,';'/.S the energy gradeline, the water 
' sur,face ~lev'atlo:O', ·and Hie cr-itical depth line. The profile is seen to be 
occurring i'n' .t'11e subcritical flow regime. As discussed previously, the user 
can . 'se,I~_ctbthe\reaches to dispfay-:the' con.:e_sponding water surface profiles. 

"• I I I 0-13 
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Figure 10.12 Water Surface Profiles for-Momentum Junction Analysis 

. : ,, .,.,,14.,• I ! I , 

I. 

To determine the water surface profiles, the program started at the 
downstream end of the Lower Reach (since this was a subcritical flow 
analysis) and used the·standwd ,step.prl(i):qeclune· up to. the :upstream 'end of 
Lower Reach. At the stream junction, the program then used the momentum 
method to balance the forces across the junction. The momentum method 
(for tlrts--examp1e) -wru-~tve-simu-Jtan·eoasly tire-forc-es·in . tile x~d irection for 
the flow at river stations I 0.091 (the upstream river station of Lower River), 
10.106 (the downstream river station of Upper Reach), and 0.013 (the 
downstream river station 9f Spruce Cree~) . The X-direction is determined as 
the dtrect1bil' ofthe·'fi6w out oftl1e·)unction· (th~r tlitlection :;fflow at river 
statlon'"' 10:691)~ ·'''[""· ·,1("'' ~···-· .. ' '··~ .. ' '• 

Since the water surface elevations at the downstream ends of Upper Reach 
and Spruce Creek are two unknown values and are solved simultaneously, the 
program will assume that these water surface elevations are equal to each 
other. Therefore, it is necessary that the cross sections be placed close to the 
stream junction in order to minimize the error associated with this 
assumption. For a more detailed discussion on the momentum method .. 
analysis, the user is referred to .chapter 4 of the Hydraulic Reference 
Manual. 

Standard Table 2 
• ·--~ ..... ~ ... i"': 1 n;r:- · ·· .. ·::·, ... "'·"?' • 

As a further review of the output, from the main program window select 
View and -then Eflofil(t 'facble; .. Jlu~n..s~l~t Std~;II:abJes 1and then Standard 
Table 2. This will result in the display as.showl) in Figure 10.13 . As 
discussed prev iously~.,1;he fir.st two.columns in1 th~ table are in fixed format 

:·:.,id it 

,, .d ... _'"' .nt: ·~':ttl fan~ -...lt.~P f'l ... ,t:,_~tdJt .. tP H\-_J,r •• : t'l}'!l'\: ·:il' t·~ot' · "' 
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and display the r'iver reach and the river stationing. (Note: For this table, all 3 
river reaches were selected to be displayed.) The columns in the non-fixed 
area of the table display the energy gradeline, the water surface elevation, the 
velocity head, the friction losses, and the contraction/expansion losses. The 
remaining portion of the table can be viewed by depressing the left and right 
arrows at the bottom of the window. 
j• t,, .r . , ..,.. "' · l i(; t 'f 1 I /' 1 , ' .; ' 

As shown· in .Figure 1 0.13, the water surface elevations for Lower Reach are 
exactly the same values in the previous run because nothing has changed in 
the downstream reach : However, for this pl1:1.n, the water surface elevations 
acros's the stream junction were determined using the momentum method. As 
discussed previously; to perform the momentum calculations at the stream 
junction, the program will equate the two upstream water surface elevations. 
This is seen to have occurred as the water surface elevations at river station 
I 0.1 06 (the downstream station of Upper Reach) and river station 0.013 (the 
downstream river station of Spruce Creek) are both equal to 75.50 feet. Then, 
the program determined separately the remaining water surface profiles for 
Uppe'r Reach and Spruce Creek by using the standard step procedure in the 
upstream 'direction :· 

,, 

[§ Profile Output Table- Standard Table 2 .·;,' J', ::J\· liJ 

;!_000.00 , 
3000.00 ___ __ :...:.;_;;,-1 
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Figure 10.13 Standa.rd Profile Table2 for ~omentum Junction Analysis 
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To compare the water surface profiles for the energy and the momentum 
analyses of the stream junction, the water surface profi le plot was select~d to 
view both of the plans,. ' This was"pe·rformed by seleCting View and then 

' L, · , l' 

Water Surf~ce Pr~fil~~ :(w m .the, m~in pro~ra.t;~~\-~.!~?.ow. Then, under the 
Options menu, the reaches were selected as tipper Reach and Lower Reach . 
Finally, under the Options menu again, both Plans were selected. This 
resulted in the di splay as shown in Figure I 0.14. 

Figure I 0.14 shows the water surface elevations for Upper Reach and Lower 
Reach for both methods of junction analysis. At the top of the figure, the 
heading lists the project name "Stream Junction -Example 1 0" and the short 
identifiers listed for each plan. · · 
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Figure 10.14 Water Surface profiles for Upper Reach and Lower R each 
fo~ B~th Eqef;gy\,an,<,l, Mo!'P_ent~(..~U._!lFti?~ ~n~tyse$ i1( .. 
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By visually comparing the two results, it can be seen that the calculated water 

' surface profile for Lower Reach was the same for both plans. However, the 
water surface profile for Upper Reach was different. This is due to the fact 
that the starting downstream water surface elevation at river station 10.106 of 
Upper Reach w.as ,differ,ent; for the two f!neth,qd ·qfJepmputati6n across the 
junction. _If the standard step procedure was.aU9wed to continue for a longer 
dist?-n£e ~ps.tream on Upper Reach, bot!) of.tbe water surface profiles would 
eventuafly converge. . 

''· 
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Summary 

Examole 10 Stream .hmction 

At this time,. the us(i:r can select tG .vi.ew .the c9mbination of Spruce Creek and 
Lower Reach and observe a simi lar result. The profile would show that the 
momentum method produced a higher resulting water surface profile on 
Spru~e, Creek, than the energy method .\Hoy,vev.er, the difference of the water 
sut:fac,e profiles for Spruce Creek is npt as significant as that for Upper Reach . 

The energy method uses friction and the coefficients of contraction and 
expansion in determining the energy losses across the junction. The user can 
adjust these coefficient~ to account'for any abrupt transitions that occur in the 
cross sectional area. Additionally, the user could adjust the Manning's n 
value at the stream junction to account for additional internal energy losses 
associated with the junction. By adjusting these parameters, the calculated 
water surface profile can be calibrated to actual measured water surface 
e levations. 

For the momentum method, the program determines the water surface 
elevations across the stream junction by taking .into account the forces 
associated with the flow. To balance the forces across the junction, the 
program only uses the forces in the X-direction. This direction is determined 
as being perpendicular to the outflow direction (for a flow combining 
situation). Therefore, the tributary angles, as entered by the user, are crucial 
for the accurate calculation of the forces. Additional ly, as for the energy 
method, the Manning ' s n values can be adjusted to account for additional 
friction losses associated with the stream junction. 

~ . .. .. ; 

• , t 1- ·~ 

Both' the energy and the momentum methods were used to determine the 
water· surface p·rofiles across the stream junction. For this example, the 
restilNng ·'~'ater surfa'ce pr0fil"es· d'fffered upstream of the junction for the two 
calculation procedures . '· · . . · · 

lf'he ~e'nergy·metHe:>'d 1usea the·stan·aard 'Step•praced.ure with the coefficients of 
explu1sibn and ·culittactioti"i1nd1the Manning's n value to account for energy 
losses across the junction. With the energy method, the program calculated 
separately the resulting upstream water surface elevations . The momentum 

method eq~ated 1\~,~.J2r~fg,.,~~ !.9!1~cR !Tet~i9n a~~ used the tributa~ angles to 
balance the forces at the stream JUnctton .' Add1t10nally, the Manmng's n 
values are used to account for friction losses. The momentum method should 
be used when the tributary flow angles play an important role in influencing 
the water surface around the junction. However, in order to solve the 
momentum calculations, the upstream water surface elevations were equated. 
f o' r~duce "the' erronissciciated w ith thi's assumption, the cross sections should 
be located close to the stream junction. 

.The momentum mefhocn~ran attempt at a-mare theoretical analysis of the 
stream junction. However, the us.er should be aware of the limitations of this 
one-dimensional analysis. To determine the most app licable method for the 
analysis, the user should compare the results to observed data and calibrate 
the model as deemed appropriate. 

I 0-17 

,. ;~ . . ; ,· .. 
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Examo/e II Bridge Scow 

EXAMPLE 11 

Bridge Scour 

Purpose 

This example will demonstrate the use ofHEC-RAS to perform a bridge 
scour analysis. To perform the analysis, the user must first develop a 
hydraulic model of the river reach that contains the bridge. This model 
should be calibrated to the fullest extent possible in order to accurately 

I 

determine the hydraulics oftbe river reach. Once this model is developed, the 
bridge scour computations can then be performed. 

The scour computations in HEC-RAS are comprised of three components: 
contraction scour, pier scour, and abutment scour. The scour equations for 
these components are based upon the methods outlined in Hydraulic 
Engineering Circular No. 18 (FHW A, 1995). The program does not have the 
capability to perform long-term aggradation or degradation . The user must 
determine the long-term effects before applying the bridge scour 
computations in HEC-RAS. The procedures for performing long-term effects 
are discussed in the HEC No. 18 publication. 

This example will focus upon the analysis of the bridge scour. The modeler 
is referred to chapter 6 of the User's Manual and to chapter 5 ofthe 
Hydraulic Reference Manual for additional discussion on modeling bridges. 
Additionally, the modeler is referred to chapter 12 of the User's Manual, 
chapter 10 of the Hydraulic Reference Manual, and to HEC No. 18 for 
further discussion on the scour computations. 

This example is adapted from the example problem contained within the HEC 
No. 18 publication. To review the data files for this example, from the main 
program window select File and then Open Project. Select the project 
labeled "Bridge Scour -Example 11 ." This will open the project and activate 
the following files : 

Plan: 
Geometry: 
Flow: 
Hydr Design: 

"Scour Plan I" 
"Base Geometry" 
" 1 00-Year Discharge" 
"Hydraulic Design Data" 

l 
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Example II Bridge Scour 

Geometric Data 

11-2 

To view the geometric data for the river system, from the main program 
window select Edit and then Geometric Data. This will activate the 
Geometric Data Editor and display the river system schematic as shown in 
Figure 11.1. The schematic displays the nine river stations along the reach of 
Pine Creek, with river station I 0.90 as the upstream section. The user can 
view the cross eqtion data for each river station by selecting the Cross 
Section icon on the left side of the Geometric Data Editor. 

.. ' 

: ·-; .. ~-:::--; S.fl r.· ~~--~~--;:;--,-l 

·-, 11Jgu ~-.~~. -~~t ~It ~ste~ ,.~hfmatic 
. - r '1 t CJ ,-n· ljc· .. ,.,, r-c,._ __ , . 

•. ~:::...!bL__dl_~-· -=.::.=-.:0 ___ , 
Along this reach of Plt'i'e Creek, a bridge was entered at river station 10 .36. 
The bridge data were entered by selecting the Brdg/Culv icon on the left side 
of the Geometric Data Editor. This activated the Bridge/Culvert Data 
Editor as shown in Figure 11.2. Then, the bridge information for the 
deck/roadway, piers, sloping abutments, and bridge modeling approach were 
entered by selecting the appropriate icons on the left side of the 
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E;xamole II Bridge Scour 

Bridge/Culvert Data Editor. The bridge opening between the sloping 
abutments is appro:cimat~!Y 609.feet .'Yi~~e anq)he l brl~ge is supported by six 
piers, each with a· width' of 5 feet.1

· Tti~ nigh' and Jc?y.: cord values for the 
bridge deck are 22 and 18 feet, respectively. The user can select the 
appropriate icons to review the bridge data. 

-Base Geometry -------. -, -~B[if 

25 Legend 
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Figure 11.2 Bridge/Culvert Data Editor 

-After all ofthe·geometric data haq b.ee(L (({ltered, the editors were closed and 
the geometcy w.as.sawed as. "B~se. Ge.o.r!letry.-'·' Next, the steady flow data 
wereentered. ·· ... , .... 

Steady Flow Data 

To enter the steady flo·w- oata, from the- main -program window Edit and then 
Steady Flow Data were selected. This activated the Steady Flow Data 
Editor and one profile with a flow value of30000 cfs was entered. This flow 

11-3 
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Examvle II Bridge Scour 

rate represents the 1 percent chance event ( 1 00-year discharge) for the river 
reach. Next, a downstream boundary condition was entered as Normal Depth 
with a slope of 0.002 ft/ft . Then, the flow data were saved with a t itle of 
"1 00-Year Discharge." 

Steady Flow Analysis 

11 -4 

After the geometric and steady flow data were entered, the steady flow 
analysis was performed. First, Run and then Steady Flow Analysis were 
selected from the main program window. Then, a Short ID was entered as 
"Plan 01 " and a subcritical analysis was selected. Next, Options and then 
Flow Distribution Locations were selected from the Steady Flow Analysis 
Window. This activated the Flow Distribution Editor as shown in Figure 
11.3 . 

...... -) ,, ,..... ~ 

Figur~ ti.i.:- Flow Distribution Editor for Pine Creek 

'v.• ... 

To perform''the bridge scour calcu lat'ibns, the·p-rogriuh requ ires detailed 
values of the depth anCl velocity w1th1rd :he ltftiS:s1 se'c"tiohs located just 
upstream f'r6m 'tlle bridge (cross secti'6H· J Q.~7 1 fc\ ffih ex'a:mple) ~nd ~f the 
approach section (cross section i 6:4 S) ."·'fHet~fO'te>the modeler is required to 
set the flow distribution option for these two cross sections. For this example, 
the flow distributions were selected for the entire river reach . As shown in 
Figure 1 1.3 , the left and right overbanks were divided into 5 subsections each, 
and >thelfllJl.ai'R ·clmnne'DwasJtdivided into 20 subsections. This will allow the 
progmm.to-pJ;odt.tee-detailed resu lts- rofthe distribut-ion ofdepth and velocity at 
the cross sections . 

.• ·1:·!' H'- u.·~ .:.1h)r1 :---Ut•~F-(.~1nn 1 _,t.-. l nbu~l()t1 
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&amnle I I Bridge Scour 

··-·; .' '·· ., I 1! 1 2' .. :i. ; . !_ f·t~ ·. 

The.number of subsections is dependent upon such factors as the cross 
section geometry, the bridge opening width, and the number of piers. The 
modeler. should perform the hydraulic calculations with different numbers of 
subsections to evaluate the impact on the bridge scour results. It is 
recommended to use fewer subsections, however, an adequate number of 
subsections is required to determine the hydraulic properties. For this 
example, the bridge scour calculations were also performed using I 0 
subsections for the main channel, and no appreciable changes were observed 
in the scour results . For a further discussion on the flow distribution option, 
the modeler is referred to chapter 7 of the User's Manual and to chapter 4 of 
the Hydraulic Reference Manual. 

Finally, the flow distribution editor was closed and the data were saved as a 
plan entitled "Scour Plan 1." The COMPUTE button was then selected to 
execute the analysis . 

At this point, the modeler should. review the output from the hydraulic 
analysis and calibrate the model: · It is important to obtain a good working 
model of the river system before attempting to perform a bridge scour 
analysis . For this example, the hydraulic analysis included the evaluation of 
the expimsio.n and 'co'ntraction reach lengths according to the procedures as 
outlined in the Hydraulic Reference Manual. Finally, after a working 
model has been developed, the user should evaluate the long-term 
aggradation or degradation for the river reach and incorporate this analysis 
into the working model. · 

! ., • ~ ·-· • 

Hydraulic Desig n .-~ Bridge Scour.:. t• 

·. After a' 'working t ttode·J of the .river reach is developed and the long-term 
effects for the river system are -evaluated, the modeler can perform the bridge 
scour computations: 'The scourt eomputations are performed by selecting 
Run, Hydraulic Design F unctions,.Functions, and then Scour at Bridges. 
This will activate .the -Bridge Scour Editor: as shown in Figure 11.4 . 

·• • "j• ., 

The top of the editor is used to select the River, Reach, River Station, and 
Profile -uumber.for the scour analysis. For this example, the river and reach is 
Pine . .Creek, the bridge is located at river station 1 0.36, and the scour analysis 
was for the first profile. · 

The remaining portion of the editor is divitled into three areas: input data tabs, 
.. a graphic: and a results window. The-re are three tabs, one for each of the 

three types of scour computations: contraction, pier, and abutment. The 
graphib displays the bridge cross section (inside upstream) . When the 
Compute button is .. selecteq, the scour results wi11 be displayed graphically on 
the cross sectiori arid in 'tabular foi-rh'cit in' -the resu'lts' window. The following 
section's-describe. the p'arameters-:-for eacn o f the three data tabs . 

'j• .~· ~:J ..... • ··~~-.;. .. ' .. ' - • 
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Figure 11.4 Hydraulic Design: Bridge Scour Editor - Contraction Tab 

Contraction Scour 

Contraction scour occurs when the flow area of a stream is reduced by a 
natural contraction or bridge 2i:m~tH'etiflg thePflhw.'· 'There are two form s of 
contraction scour: live bed and clear water. The equations for the contraction 
scour are·'Presc:mteti in chapter-:-1 O<of\he Hydt:"aulics Reference· Manuahmd 
the variables for the equations are ~1s~~P on , t\:l~ :~eft:tside of the contraction tab, 
as shown- in Figure 1 i .4. Additionally, the contraction tab is divi ded into 
three columns: for the LOB (left overbank); rriain.channel, and ROB (right 
overbank). This allows the program_ to_g~c,ulate the contraction scour for 
each of the three areas ofl the cross section. ! ' 

' I I j 

When the Bridge Scour Editor is -acti.~afed,~th'e, progr~ will search the 
output file from the hydraulic analysis and fill in the values for the variables 
on the contraction tab with the appropria'te .. results, as shown in Figure 11.4. 
(Note: As shown in the figure, the values for YO, Q2, and W2 are zero for the 
ROB because the right sloping abutment extended into the main channel.) 

The user can override any of these values by simply entering in a new value 
at the appropriate location. For the contraction scour analys is, the user is only 
required to provide the D50 mean size fraction :of the bed material, the water 
temperature for the K 1 factor, and select the equation to be used for the 
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Examnle II Bridge Scour 

analysis. 

Forthis example, the D50 was entered as 0.0066 feet, for each of the LOB, 
main channel, and ROB. To enter the water temperature, the ) Kl icon was 
selected and this activated the Kl Data Editor as shown in Figure 11.5. As 
shown in Figure ll.S., the water temperature was entered as 60 EF and then 
the prograrn ·automatioally determined that the Kl value was 0.59, 0.59, and 
0.59·for the LOB, main channel, and ROB, respectively. This editor was then 
closed. 

" 1)-. 'j\, - ""\\ ~ :.. \ '" • '_.,.,,.,. ,..,• \ I 

•'. 

Figure 11.5 Kl Data Editor 

. ' ... ,' . ·~' 

Finally, the down arrows adjacent to Equation were selected and the default 
·option was -chosen. This informed the program to use either the clear water or 
the live bed ~cour- equation as determined from equation l 0-1 in the 
Hydraul~c Reference. Manual. . , .. 

Td ·perfcmt1'ihe cGimtracti011 scour computations, the Compute button at the 
top of the editor-was selected. When the caiculations were completed, the 
results app~auedi.in tabular'form 'in the lewer right comer of the editor and in 
graphioaJ ·form o·n the ·bridge· cross-section plot, as shown in Figure 11.4. 

'~ I 

As a review of the results for the contraction· scour, the critical velocity (V c) 
for-th'e .L,·()B wabtletermined ·to· be 2.63 ft/s,1 from equation 10-1. This value is 
greater 'than the v~loeity. at the approach section .(V 1 = 2.00) in the LOB; 
therefore the clear water scour equation was used for the LOB, as listed in the 
summ~..table .. · Comparatively, th~ live-bed scour equation was used for the 
main channel because the critical velocity (Vc = 2.99) was less than the 
approach section velocity (Vl = 4.43), in the main channel. Finally, the 
contraction scour depth (Ys) was determined to be 2.07 and 6.65 feet for the 
LOB and main channel, respectively. As a final note, there was no 
contraction scour in the ROB because the right abutment extended into the 
maip chan.oel. , ;Th_~se co).1traction .. scour depths are also shown on the graphic 
display of the bridge cross section in Figure 11.4. 
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Pier Scour 

To enter the data for the pier scour analysis, the Pier Tab was selected . This 
tab is shown in Figure 11.6. For the pier scour analysis, the modeler has the 
option of using either the CSU or the Froehlich equation. As for the 
contraction scour tab, the program wi ll automatically fil l in the values for the 
variables from the results of the hydraulic analysis. The user may replace any 
of these values by changing the value in the appropriate field. 

Hydraulic Des1gn - Br1dge Scour . . . , . . , ~ ·" ·:tii fi!ilffil' 
fE_IIe 
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Examole II Bridge Scour 

For this example, the Maximum Vi Yl option was selected to inform the 
program to use the maximum value of the depth and velocity values, as 
opposed to the values upstream from each pier. Then, Method was selected 
as the "CSU equatiqn." Next, the Pirr_r #option was selected as "Apply to All 
Piers" to inform the' program that the ·data will be u·sed for all of the piers. 
(The user has the option of entering the data for each individual pier.) 

Next, the Shape of the piers was selected as "Round nose" which set the K 1 
value to be 1.00. Then, the D50 was entered as 0.0066 feet. The angle was set 
to be 0 degrees which set the K2 value to be 1.00. Next, the bed condition 
was selected as "Clear-Water Scour" (this set K3 = 1.1) and the D95 was 
entered as o:oo8 feet. 

This completed the required user input and then the Compute button was 
selected. The results were then displayed graphically and in the summary 
table and showed that the pier scour depth (Y s) was 10.85 feet, as shown in 
Figure 11.6. (Note: When the compute button was selected, the program 
automatically computed all 3 scour depths: contraction, pier, and abutment.) 

Abutment Scour 

To enter the data for the abutment scour, the Abutment Tab was selected and 
is shown in Figure 11.7. For the abutment scour computations, the program 
can use either the Froehlich or the HIRE equation. The variables for the 
equations appear on the left side of the tab and their values for the left and 
right abutment were automatically obtained from the hydraulic analysis 

re~.~:~!t~ . .,,:· .. . . , ,.,. _, . < 

To perform t_he abutment scour analysis, the user must enter the abutment 
shape, the skew angle, and select the equation to be used. For this example, 
the shape· (Kl) was selected as ·" Spill-through abutment." This set the K 1 
vall!e tq be 0.55. ·Then, the Skew angle was entered as 90 degrees and this set 
K2 to be 1.00, for both the left and right abutment. Finally, the Equation was 
selected as "DefaMt.".- With th}s seiJct ion: the program will calcu late the 
L! I y 1 ra,~io to determine' which equation to use'.'· The modeler is referred to 
chapterTo '6ft11eHy.draulic Reference Manual for a further discussion on 
the scour equations. 

This completed the data entry for the abutment scour and the Compute 
button was seJectea. ' The results ·were then displayed on the graphic and in 
the summary table, as shown in Figure 11 .7. The results show that the HIRE 
eq~~tfs>~ yvas used foi both the left and· right abutment and the magnitude of 
the scour was 10.92 and 14.88, respectively. Additionally, the summary table 
display.ed the v~lues of the Froude numbers used for the calculation. 
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Figure-11. '7 --Hydraulic-Desigrr: Bridge Scour Editor- Abutment-Scour 
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The total bridge scour is the combination of the contraction scour and the 
loca'i 'sco'ur cPi ~r bf abutment)~ To r'ev iew the total scour, the.''l.i"ser can toggle 
to the bottom of the summary table. For this discu~slon , a portion of the 
summary table is shown as Table 11.1. This tab le was obtained by selecting 
Copy Table to Clipboard under the File menu. 
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Table 11.1 Summary of Results for Bridge Scour 

Contraction Scour 
Left Channel Right 

Ys: 2.07 6.65 
Eqn: Clear Live Default 

Pier Scour 
All Piers : Ys= 10 .85 

Eqn= CSU equation 

Abutment Scour 
Left Right 

AbutmentYs: 10.92 14.88 
Equation: illRE illRE 

Combined Scour Depths 
Pier Scour + Contraction Scour 

Left Bank: 12.92 
Channel : 17.50 

Left abut + contr: 
Right abut + contr: 

12.98 
21.53 

The first three portions of the table display the results of the contraction, pier, 
and abutment sour, as discussed previously. The final portion of the table 
displays the combined scour depths. For this example, the pier and 
contraction scour was 12.92 feet(= 10.85 + 2.07) for the left bank and 17.50 
feet(= I 0.85 + 6.65) for the main channel. Additionally, the total left 
abutment and contraction scour was 12.98 feet(= 10.92 + 2.07) and the right 
abutment and contraction scour was 21.53 feet(= 14.90 + 6.65). The 
contraction scour for the right abutment was the contraction scour for the 
main channel because the right abutment extended into the main channel. 

Finally, the total scour is displayed graphically, as shown in Figure 11 .8. 
(Note: The graphic has been zoomed in to see more detail.) As shown in the 
legend, the long dashed line represents the contraction scour and the short 
dashed line portrays the total scour. This graphic was obtained by selecting 
Copy Plot to Clipboard from the File menu. 
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EXAMPL E 12 

lnline Structure 

Purpose 

·I l ,,. 

This example will demonstrate the use ofHEC-RAS to analyze a river reach 
that contains an in line weir and gated spillways. For each in line structure 
location, the program can analyze up to 10 gate groups, with a maximum of 
25 gates per group. 

To perform the analysis, the user must enter the geometric data for the weir 
and gated spillway, along with the geometry of the river reach. Then, the user 
must set the number of gates that are open and the opening height of each 
gate group for each flow profil~. The modeler is referred to Chapter 6 of the 
User's Manual for discussion on entering the geometric data for the weir and 
gated spillways, Chapter 7 of the User's Manual for entering the gate 
opening flow data, and Chapter 8 of the Hydraulic Reference Manual for 
the hydraulic analysis procedures for analyzing the flow through the gate 
openings and over the weir. 

To review the data files for this example, from the main program window 
seleot File and then Open Project. Select the project labeled "In line 
structure- Example 12." This will open the project and activate the following 
files: ,. ' 

Plan: 
Geometry: 
Flow: 

• c • ~ " • n p. .'" . ., , 

"Gated S.pillway" 
"Gate Geometry with 3 Gate Groups" 
"8 Flow Profiles" 

Geometric Data 

To view the geometric data for the river system, from the main program 
window select Edit and then Geometric Data. This will activate the 
Geometric Data Editor and display the river system schematic as shown in 
Figure 12.1. The schematic displays the 35 river stations of the reach "Weir 
Reach" on ''Nittany River", with river station 60.1 as the upstream cross 
section and 36.85 as the downstream cross section. 
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Cross Section Data ·'· :· 

The cross section data consists ofthe.rX-Y coordinates, Manning's n values, 
contraction and expansion coefficients~ etc. The user can view this data for 
each river station by selecting the Cross Section icon on the left side of the 
Geometric Data Editor. For this example, an inline structure was added at 
river station 41.75 and will be discussed-in the next section. Figure 12.2 
disp lays the reach lengths in the vicinity .of the weir and was activated by 
selecting Tables and then Reach Length~ from the Geometric Data Editor. 

ln line Structure 
i,.•V'?If f:·.:.;:-,cJ~, ''.,: .1 - -

To add an inline structure, the Inline Stru'Cture icon was selected from the 
left side of the Geometric Data Editor. This activated the Inline Structure 
Data Editor as shown in Figure 12.3 . Fil·st the reach "Weir Reach" was 

;;~ 
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selected. Then, Options and Add arlTnHn~ 'Stfudiire were selected and 
river station 41.75 was entered as the location for the weir. The schematic 

'' · ".!' th'en 'dispi'ayetlHfli •cfbSS'se-et·i<'Jii' <clata'fol'>the' .t:iver-station immediately 
·upstream dfthe weir location: halnely river station 41.76 for this example. A 
'desc'riptio'ri fdr the weir· was then entered as "Inline Weir and Spi llway." 

I ~ _., 

.... ~ j • ~ • I ,\ I 

Figur,~1,2.1, Reach Length T,able..fo.r ~itf~~y ~iver 

"'lll ~. . . )' 

1 .y ,)H } n! io qtr!-lc;tur_e,· ,E.?Jl'T'P·Ie ,g ~, ,~l~n: Gated Spillway 
• ' Gean :Ga'e Geaneuy¥Jnj JG<n' Gro lp. Fb¥!:7 Fb¥J Pro11~ ' 

RS• ~1.75 

--Grou d 
~ 

rib::o---.·-----,·1 hel'l' 

Figure 12.3 Inline Structure Data Editor 

r • . . _, 

i1i. 't-"·•~tJ: •r.<i 

-·:~~u .'"l iT·~ ~~..,: u· ..1 

. 
BalkSt3 

1[IIJ 
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To enter the d~ta forrtfH:; ,~ej( ,\b.% We,~ /ifitipk~nN,n,ent, icon was selected 
from the left side of the Inline Structure .Data Editor. This activated the 
Inline Str~ftU ·.~~ }1-·tton Elevation D-ata.:.Editor as shown in Figure 12.4. 
This editor is sirmlai to the ?yfk/r.oad'Yay.e,ditor used for bridges and culverts . 

Figur~. ~~ tt ~nr\\~ ~f.ry_c H~~L~.t~*\.<uv · IsY!h~99}J ~~ .. JJ:pit~r 
"" :nc lct.i ·10..: •I/ 'ilt.: nhne ..,tn ctu rc D, ta i<,d "lol 1:, , .•. , -~·~'. ··~.: 

, 'Jfl Struc1un.! Stalwn El.:' ation Data Etliror < 1 ~, ,1111\' 1 , .. 

The J8~ <~9 q~#?f1;f~\tm~.-c8(le~~~~1Q~ t!1J@ ,,giJj~~~\1,~ ft~JW, , < 1fp~ the :first field, 
the user must enter the Distance from the upstream cross section ( 41.76) to 
the upstream side of the weir. For this example, this distance was 20 feet. 

ext the Width ofthe weir was entered as.50ie_et._ This is a total distance of 
70 . eill.0 '·'From Figure 12 .2, Jt can be seen. that:.the. distance from river station 
41.1176rtW41.74 is 90 feet. Therefore, thi' distance f~o1'h the downstream end of 
the weir to cross-section 41 . 7 4· is 2D feet. The lasrfield in the top row of the 
editQlr is the We~r:,r;,Q.e.fjicient. This will-b~ 1~i~:~wseti-shortly. 
--- - --- - -- - . -- - -- -· . - --- ---' 

i _: ~ 

rre·central portion ofthe editor consists of a table in which the user must 
enter the station and elevation data for the weir. For this example, the 
emergency spillway is located on the left at an elevation of9.5 feet from 
Staticin "61 to 190; however, the entire top-of-dam is defined. The first station 
of the weir was entered as 0 and the last station is at 1 000 feet. with these 
weir stations and elevation, the program will block out the entire area below 
the weir crest. In this manner, the data entry is similar as that for a culvert. 

~: 
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Additionally, it sh'o_uld be ii.oted thattlie weirs tafien values of 0 and 1000 
occur beyond the limits of the cross section data. As for the bridge and 
cu lvert routines, the p rogram will automatically " clip off ' the excess area so 
that the' weir coincides with the cr6ss section ·geometry . 

The next fields are for the upstream 'and downstream embankment side 
slopes. '' Forthis example, the slope of two was entered for the US and D S 
E mbankment S.S. fields. 

At the bottom of the editor are several other required variables . The Min 
Weir frlov/ Etev_p'tion was' Ieft olank1which implies -that the lowest elevation of 
the we'ir'wiJl·betis€d to deteiinlne'when weir-flQ:~orpegins to occur. Finally, 
the shat>e· of the·wei r was entered as " Ogee" for the Submergence criteria. 
When ogee was selected, the editor expanded to allow for two more fields of 
entry. Tqe~e f}~I_Cl ~ are the Spillway.Approach Height and Design Energy 
Hea(:i.' -T~~ ~pp~6~c~ 'J1e1g* waS.'.e'ri~dred a~ 

1
f.4 (eet, and the design head was 3 

feet for the ogee shape. To determ ine the welT coefficient w ith these design 
• • ~ l ; .. , <o. \, , ' j 

p~ame~~r;~ 1 .!he •!·f<\ _butj:on, ~as }e.J~?1t_e~ ~J)~_the. progr~m calcu Ia ted a 
coefficient of 3 .95 , as shown in Figure 12.5. . 

The• '-~Yes" ·buttonr·was selected .and•then..Jthe·,aoe:fficient appeared at the top of 
the Inline Stru.cture Station Elevation Data E di tor in the Weir Coefficient 
field. If the weir shape had been selected as "Broad Crested", the user is 
required to enter the value of the weir coefficient. This completed the data 
entry for the weir. ext, tl~e· data·fo r the gates were entered . 

It!"!' - i. i..; • '·• .. . ·. ' • ) I ,, •• 

Figur e J~ .. s Ogee ~'Yei r Shape Coefficient 

.... 1 lll.f" •' 

'I ~I 1,, • f ... .J : .• ,I 

-GatedtSpi llways . ,. ~. .. . :. 

• '' . \I101 j:lnter :tlh~ 1q~ta fonthe-,~fltes ,..,the Gate icon,;~-~· selected from the I nline 
Structu re\li>ata ·-Editor,(Figrrre 12.3). 'Ihis ,acti\lated the Gate E d itor as 

'IH.)•..J !.::IT 
shoW-FJl;in,FiguPe.\12,6 .. For. this. example, 15 radial''gates were entered. The 
gates w.ere div,ided into 3 groups, with 5 gates in each group . The gates were 
·divided 1i111to three,group·s to allow for flexibility when setting the gate 

···:·· ·'I op~iWn~~tH~ignt's !· 1 1Jlh iS''wfl l 8e 'disco sea ·furth'er. \\:'he.n the opening heights are 
.. lf L>.t '' I !rlJ I~fh Ill> \ .. J: t". d' b"' ! 1 • -.·p • ·) ' >I set m n~::: ' !>teaayno ua a e 1 r. ' · .. ·· · ' · 

.a J'.t ~: tt', .lll 'liJ J~\... It. .•1 ·~· 
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Inline Gate Editor ··.· < .~J 

Fig.u rd~'6fc.Ga.te.Editor 

When the Gate Editor was activated, the first gate was labeled as "Gate #I . " 

For:.JtJ is e~le, Q&ttf?e'l!/~rP.~ rBH1 : on 1~~~ ,J, ~cted an the label "Left Group" 
was entered: ··Next,-- the Height, Width,_and Invert for the gates of the Left 
Group were entered as I 0, 30, and 0 fe~.J;~·relip:~ctively. On the right side of 
tl.1~a1\9ito!j . the cen\~Jme ~:%tions for 1f:R,~1five gat@s in the "Left Group" were 
e~tr.re9~t~s sh?wn_in Figure 12.6. As}Rgs~~~~~lu~s were entered, the counter 
fie i.~har C?f£t;,!ff;l.g§,.,p1Crease~ ~o represent tlH~ .. tQtaJ ·num ber of gates for the group 
(5 for tg1s example). 

~'·"~"' h•p'? Rarli.:;l "' · i Statron ' ... __, ______ J 

The-Femaifli·n~,portion of tire. editor is .. tl iVi~ed into two sections, one for the 
g~t~ cj.a_ta 49,~,.,qne for weindata. The~at~pata is used when the water surface 
upstr,~~-WrRf,the gate is gref!iter than ~ ... ,~niJnes the gate opening (as measured 
fr_qf!! -~~~~~P.!H~t invert). _At _this_ water ~UJ;f~f~ elevati?n, the gate is contro~ling 
the flow rare. The weir data IS the sh-a:we of the weir under the gate and IS 

us' tf lill¥f1t11tl upstream·Water.surfac;es less •than or equal to the gate 
op~i'f.l tig-! 81PI.ffhis w~~e~·'s\ftface e evaf10 , the weir under the gate is 
contro.IJ.ing the flow-through the gate openiAg (i.e., the water is not in contact 
with' tJie' tga:te~. ':li 

'?II ( re~t ':oh~ 

Cd 
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For the gate data, the Disqharge Coe.ffic~ent,rwas1 entered as 0.8. The next 
field is the•Gate Type•:-.ili3y r sele.cting tthe'doWii1'an:ow~ the type "Radial" was 
chosen .,. W.hen ,the gate,typ~ was• selectep, ,the -fn~nn,ion Exponent, Opening 

. · Exponent;;•Hear;l,pxpi'Jnent:rand ·Tnunn)o'J;.fd.~jght, yalues were automatically 
set to.0.-16,.0.7.2, 0 .6£, .and 10.0 respectively. The orifice coefficient of0.8 
was. entered -fo r.£ully,submerged flow condifiorit 

• ..: - I ~ "l l ~ '' ~ - ' l)•'•t ,..;it ~. I•;.. ... ,~~'ft·~ :~~~::t ;, ~-~ 

For the weir-data, the Shape •was selected ·as··' Ogee" . This caused the editor 
to add the datarfieJds for Spillway;Appr-oaeh Height and Design Energy Head. 
The distances of-14 and 3 feet were then entered for each of these fie lds, 

. • - - I'· •• J~ :: J - - -

respectively . Finally, the ICd button was selected and a window appeared 
simi,Jar t o Figure 12.5, with' a coeffid

1
Ierttib:f;3·.9f :·l The "Yes" button was 

selected and ;fhe. w.eir C<Defficient appeared''in tlie· ·' eir data area at the bottom 
· ofthe~<Sate,Ed'itol"l." ..:1,, .,, ">I'rr:'~~\! · - · · ,, ; · , .. ' 

I'' 1' . ~. \ ~ 1-. \ 

This completed the data entry for th e< gates 'i'n the ·"Left Group." Next, the 
' T I· •r r 

Add· button atthe top ofthe 'Gate Edito'r · as selected and this added another 
· gate· group. The group was renamed to "Center Group" and the data for 5 

new gates were entered exactly as for the Left Group, except for the 
centerline stations. Finally, a third gate group was added and renamed "Right 
Group," with the data entry as for 'the two ·p-r-.evitills groups with new 
centerline stations . 

. ,10" ..... ··FH· ··.u . -11 

The OK button was selected at the bottom of the Gate Editor and the gates 
appeared on the'Inline Structure Data Editor as shown in Figure 12.3. 
(Note: The ineffective flow areas will be entered subsequently.) At this point, 
th ~luser shot!ld i:oori'l"ih \)rt he "gate 'openings to ensure that they do not 
overlap and 'appear;a s intended: 'Fhe Inline Str'uct'ure Data Editor was then 

~ -~ •. -·r, I 

closed . 

, ... . . ~ \''" ;. ~~·l(.;i;~D tJ ..l~·· 
.· . Jneff~oti.v.e ,f,\lowc~Area~l v,\ll. h~~ •. ~)!f;lr~r.!.'n\'·' 

·t . , , ·' tUJ ~ IIJI\\ ,~.~ l. "·U \J! E.\.-:;~ ._., .. ~;''~J~t~ . .• ~\··lN \' ''lLi ·h~_:;~J.Y·~tf,r:-·~' 

11 • :As· p~r..for.med,,{QII l-brddges• an.d.£ulv:er.ts,1 ,_ M;1~twe..tive .tlow areas should be 
·,) ,, :enter,ed.<0n. th.e.ar10ss- seotions that. bound the. in line structure. For this 

· ' exaljJ11ph3~ thJ.e;¥f..oss _secticm that is upstream1 f'the structure is 41 .76 and the 
·cross sect~en 9pwnstream.of the stnictuie7'i s"4·1~7:4: To enter the ineffective 
flow areas J the;.Cr~~s Section ·icon .was selected from the Geometric Data 
Editor (F•igw;e'-12.1 ), pTbe.o,: r.iven stat i0H"4iu9.6.1was selected and Ineffective 

• Flu~c!'i\J)~as-~as seleJ ted frorp ,.t.b~ Options m~nl\; This activated the 
Ineffective Flow Editor as shown in' Figure 12 . .7 . 

l 'l\t~;,t.:•')··J=: ;rt:J 11.;. 1 .. 
' ~,·; 1: fLIOI ... ,! : 1 ':''~·-~ '.::. •'t.~. l~l;'')! ,.f '')t,1;'.t"'l 

r , ··;[•11;\...4;,, . .., • • .. • ~'.\'' i"'·H·"\ ''- • • 
.. >' ... ~ .· The .Chstance..flrqm\the.JIQI~ ne iStilUcture -(;n y·er.shitJcm 41. 75) to nver statiOn 

_ ·,• 4·1 1:8tiSl20 te@fWT.he.-: lefttedget't6\ft the gates ~t ~ri V"~'f'~tation 41 .75 is 205 . 
li)Jeref.orl~~th~l-eft ineffective flow areru:was ·set -to begin at 205 - 20 = 185 . 

-' •.: Sfmilav}y~' the lrighn ineffecti>ve ilow im~.a was set·at .745 (= 725 + 20) . The 
· · ····elevatiori'6n·'t!he lef(l s~·g :5 'feet;fa€1 th1e·,td'~'bfthe ~spillway , and the right is 13 .5 , 

-• the1t<D!H'>f-dam. 11'he BK button'on1the editor was selected and similar 
ineffective flow areas were entered at river station 4 1. 74 . 
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w 

~~ 

Ineffective Flow Areas , 

.. ; 
!-' 'brma 

Figure 12.7 lneffec.tiv.e Flow E'Ciitor .. , ~, 

Cross s·ection. Plac~ment 
. 

The final component of the geometric data cohcenns ·the placement of1the 
cross sections)n re:(er.eps;e to tb~,! nlin,e stru~tured•As for bridges and culverts, 
the flow will contra,ct't@ enter.th gat~ (j)p_enings and expand after the exiting 
the gfite, qp~n~gs. , Jh . pwgram '¥:!11 us~-.4: ,cr.0ss· s.ections located on both 
sides of the ~tructure t0 define the contractiQm and expansion of the flow 
through the structure. To provide guidance for the expansion reach length 
and contraction reach length, the tables in Appendix B of the Hydraulic 
Reference Manual were utilized. These tables were developed based on data 
for flow through bridges, however, they were used to provide general 
guidance'. IIIH<~•_. _ ___ . __ _ 

To determ ine the expansion reach length, the following data was used: 

b - 520 

66Q1,11i1pk: Bk·d · 
0.79 8i·"Jht 

. ~··:·.,., s ' r 0.4 
not!nc 1 

,::...v:~lh-ct 
. ·--· 

where: b 
B 
s 

ru 
nob 

f.:m.·gate operfing&:area, ft 
floodplain width, ft 
channel ~s l ope, ~i 

'~y,c; .. f Manni~g' s n valu~.bfthe overbank at river station 
41.78 

.u;: nc.- i!t eih·r 1.v-MaAA.jngi ~ n, value of the main channel at river station 
41.78 

Frm!lr,Tab~-A_ l ftqe exp..a-Q_sioo @!~9 (ER) is approximately 2.0. Using an 
average length of obstruction (Lobs) of approximately 100 feet y ields an 

expansion rett~!"td!~ngth (Le) _?f: : iiiL ·: .... L ,) 1\ \..L"III:> \1), ,, " "' 

-fi~,f- .. } 1...-li Hri,,S ) 

.·, 1 1 dtL' ·~U-1. 11 i 

~ ltL .,H" !:•·IP \ id 1L..,.C 1 ;,...f(.)"'~ .. c ... :Lll~ll' 1•1._.;;,,· 

" r~ Jq t il•· , nnn·.·~il\-il1 ill1d •.:. I~Hn"'i .1· .! 

q ·, •' I \I 'It ; J J t j r I 'I,-,.:. ... \ '1- lll ~ 1 
' JJ 1 I 

• ~ t i '\ .. ' I: 
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The exp!illsion reach le~gth is meastired dow'nstream from river station 41.74. 
Therefore, a cross section (41.70) was placed 200 feet downstream from river 
station 41.74. River station 41.70 represents the cross section where the flow 
isfuily~expanct 'd'." r 1'•:, ''"' ··~ "~ • • ~· • 

For the ' c'ontracbon reach length, the contraction ratio (CR) was obtained as 
1.0 from TabJe~B.2'.G With thi value, the contraction reach length (Lc) is: 

<I 1 I 

(CR) (Lobs) · = ~: (1.0)(100) 100 feet 

The contraction reach length is measured upstream from river station 41. 76. 
1 I -' 

Therefore, a cross se9tion ( 4 I. 78) was placed 1 00 feet upstream from river 
station 41.76. Rivet.~tation 41.78\~presl(nts the cross section where the flow 

,,,_ '-' ' • ... <Jf·l 

lines are parallel. • 

As a final note, the values for b, B and Lobs were approximated for the flow 
rate of i5,o'o'o Cfs. As'"the flow nite changes~ the length of expansion and 
contraction would also change. For this example, the values that were 
determined for this flow rate were held construiffor all of the flow rates. 

This concluded the entry for all of the geometric data. At this point, the 
geometric data was saved as the file "Gate Geometry with 3 Gate Groups ." 
Next, the flow 'data was entered. 

!• 

! . \ 

"' 
1 t.:lf " 11r -, ·~ ~ :"' '"'" • ""' • I 1 1 \• 

• I~ ... '1 ... 7 , 

The...flo;w.data ~onsisted of three cqmponen~s: the flow rates for each profile; 
the bo~;tf!dary._ c?nditiOlil~; and the gati e1evay qn,settings. Each of these 
components are described in the fol)owing sections. 

. · Too enter, the.~tk>W. data;d:he.S.teady Flow Dati} Editor (as shown in Figure 
12.8) was acti1 a ted drom th~ 'main "pfogram win bw by selecting Edit and 
then Steady Flow Data. I Fer this example, the number of flow profiles was 
selected as 7.-·.W1wn thi~ nlJ_rp_b~r_.~as entered, the table in the central portion 
of the editor expandeq to provide 1 ~olumns of data entry. The river reach 

~ , .~.. \:-c.. " ~ ... ~'-:,'\' 

-

"We1r Reach" (the only reach for th1s example} and the upstream river station 
of 6o.i' appeared (b •default) as the' location for 'the flow data. The seven 
flow values of 5000~d1 0000, 20000, 30000, 40000, 50000, and 75000 cfs were 
entered as shown ~ilf !Figu'i'e .. Q2.8. No additional flow change locations were 
entered. 

' .( .. . •,f },1. -{! ,..,.,, ~ ~·t. t l\.') 1 '"'\:!t: ... 

I I 1 ~ ) , , , t 12-9 
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Steady Flow Data - 7 Flow Profiles :. ' :;.'-~~11!!1 

Figure 12.8 Steady Flow Data Editor 
'' 

Boundary Conditions 

After the flow data was entered, the boundary conditions were entered by 
selecting the Reach Boundary Conditions button at the top of the Steady 
Flo 'Daita.LEai to-r .. ----TI+i s..acti¥ated-th.e-.Bo u.Dd.a~ndi.tio.n.s-.Edito.J:-aS--­
shown in Figure 12.9. For this example, a subcritical analysis was performed. 
Therefore, boundary conditions were entered ;at the downstream end of the 
river reach. The field under D@wnstreamwasrseleoted and then Rating Ourve 

)··'was dhtn"sen. This activated the Rating Curve Editor as shown in Figure 
12-J,.Q,,., J.'~((.JJ.2YY.:; i'f@-}M;~~ amd correspo~g l!~~~~£t~_p,~~J,evations were then 
entered in the .editor, _a portipn o:f~hicbjs ]b;ow_n Ln·J:_tgl,Jre 12.10. 

(WeteRrfo:the flow rate-for a profile is less than the first rating curve data point, 
t,ti~PF~P.rcRro-gra~ wiJI.Jiq.r.~,r)~ t~nt~t;RPila:te a sta¢~~ ~#.~tjp.n ;between the first 
r!'ltmg_~urv~ p01gt and the_9Q._~IJ.§!fe~m_qo§_...§.~qi.Q!linVert.) After the data 
were entered the OK button was selected to close the editor. This caused the 

_ ' q ,v~titl~Ra~. : 1~11~~, _tQ._(!~~@,~Q_WllS :---~--, ,- tcl~fa~-~~ho·':· ~ ~1~ure 
• '"1 ' 1~12C!!:~e OK11 ouffd.tpwas.lhb_s,e1e2fed..onlhe!1iffimdacy Cond1twns __ _ 

Editor. 
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··' 
Steady Flow Boundary Conditions · ~~ 

0 S El.t fuoundaJ.Y 1or one profile at a time 
' . 

"""'t -rf'!"'··~'i:'":"\·t··-·""!"'~~----~-~-..,.._~. - ·~-- ~-- -:; - .... '1', 

Figure 12.9 Bo_undary Conditions Editor 

HEC-RA5 ·.·~ · 

Enter/Edit rating curve for downstream of 
reach: Weir Reach 

Figu_:i:~ .J:2.10 .~ting Curve .Editor 
• I )· '\ . \ .. ,. -..,· . : i· : ' 

. . "·. , 'Gate1.0 penings, · = :·;·- tt' 

• : • • 1 ! ~ 'I t ' I " ' I I.. ' ' ..., ' ' 1 '; 

.,. ·~· . . ' ' 

!• 

The final data entry for the analysis was the gate opening heights. To enter 
.: ,:-: this ,data; from tthe;Stead.y,·IVlow.-Data Editor, Options and then lnline 

. .., "·:"Sp'iUWlt~Glite" Openings were seiebted:·i •This activated the In line Spillway 
Gate Openings 'Editor as shown ·in Figure 1 Q._.. l1~ . ~· ,, , 

i .. , ·,: I • '~I' ! J ' ; • • I "·l. t ; • ) • I • - I \. 

' ~ ' :"\' ! . • " • i f I \ •. 
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6 a er Nitta , F.U~er · el! R eag;n 4L7§: • ,. · " .• 

ID esG I li e eir amd' 5·ate!il S Q ll~a.ll 

• l 4\. 11' 

Figure 1~:-P I~l!n~S.I?ill~aY._Q~te,g.P.enjng~d itor~ . 
o~ ' ,.:_:, \... t~ I 'I.... t l't ·: f • 

.. t' \ . . . - ' J ., ! ll\..JI t • L l - \·. . . 

At the top portion of the editor, the River, ' ~NittariY ·~jver," Reach "Wejr 
Reach" .and the River.~tapon "41 : ~5." were se1ectec1: The Description is the 
same as was entered_ in th~ Inlin~ Str~~t,y_r~~~~-~.q.it,9,r.(Figure 12.3). The 
# Gate Groups fielq spo;\:YI'r,t.hf1ttpe.r~ i t_tr-e ~ g~te~grswP~, il!.th i s river station. 
The table in the central portion of t~e eo itor has 3 rows' for th is examp le, one 
row for each of the g~te groups. Tqe fir~t colUOf.Q._ ~~ts the descriptions for the 
gate groups, as they Wyfe namecj in1~e ,Qate;.Ifd;,t'2r,.<f·igure 12.6). The 
second column disp)f).ys the uuml?~·r. of g¥te OP,~pmgs for each gate group (5 
for each gate group for..,this example). The third co}umn displays the 
.maximuqt ~~te height for each gate group (J 0 .:(eet for each gate group for this 
·exarrlplef ' :·l --.- -- -~ - - __ -- - -··--

The remaining portion of the editor consists of entry fie lds for the number of 
gates..opeJ1e<Land the_o.pen,ing..hejgllts oftb~ga.t~_fo..r e.acf!(ow profile. For 

"'"'. t·Htan.v h1s ~ififfl~Rs-,hfor13dffile 2, the Left and Right Gate""' q_\tJ~§ ere set to have 2 
... 2- ._,,,ga;t~.SCO.fO~=;r-e.ac!} with an opening h~~t ~ Jpf.ee~ The Center Group was set 

_ "'" 1 to hav~ >:fA~S,m -~acl~ ~t....a f0et-:-,~Sin •<hMat~I::•ntered as three · "',~ ~J_~-~Qaw~. ·!S\.1· !kist-tlrH:t)-:hll-v PFneJ.t-gJre- , ~~~d-ht-cl-tff~>crent 
J h 'gh ' I ..,.~i f t Uppn~"Ffi J:f pen L!r§~ 'fJp nth l Upet\l Hlf h - -.- er &.- ttj - 1 1~n'au· u~cu-errt eu as Ul , en-a ll 0 e 
ga:te tl-mt ' ~op ~would ~ave to h~ve beensset at the same open ing height. 

The user-canToggle across the table to view the number of gates open and the 
gate opening heights for a,II~~f,the profiles. During the analysis of the output, 
the various gate settings will be discussed. This concluded the data entry for 

··• · 1Wi'SE~amp·~pr ¥\~! this point, the OK button at the bottom of the editor was 
selected anal:he flowd'ata was ·saveoas"TFToWPfofiles . ' 

) I :. I i ~- ...,': , t . ~ • I''(~.. '!i L L1~ I\!""" . 

·nur· ·· r,; ;I''''~.., l h<.rl !hen.: me :; ~Wil: ·.:nl liU ~ 1 ll· · ., L:·· 
;r'11\. Ill the v.: ll!raf r01'!"1('11 1fthc ..cd i: or h<lS j 1"0\VS l(>r tlw •' <liill'; · 
'~H - l'ClCI d! 11 ~!.!.a~<. .:.:· ·,.,~-.... ''i1~..: 1.1., ... ~.)lu l r/1~ l1~t 1 ~!h.· J '~ • ·I ·~ - ... ·• 

:q;:-,_ ,1:' ill~) \\·':fc 'lfl!l1l'd in the {, ~tt l· Ed1tor ;_i.!!:. tJ r:.. 

• \·n~ · !i\.pJ:1\ · liH~ !)\!lll 1''.:'· "': .. ~!H l' )t""~_n,;1 __ ~ !• ... l 
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Steady Flow Analysis 

I' 

I' '· ,;! ' 

A.fte; ai I ~~ili~' d~~ h~d b~en e~~ered , 'ih'e -~t~;dy flo~ analysis was performed 
by·act·ivating--the ·steady Flow Analysis Wind·ow. This window was 
activate'cHtom the main program w.in'dcwby ·selectirrg Run and then Steady 
FloWA.n~lysis ,'and is shown in Figure 12.12. r 

- t'.'' -,1' . ·' 

i2!steady Flow Analysis -, 1 ~1 

' '1 ~ ("'!; • ' ~ I f I' .. • ., I • 1 •, •, 

.. Figure 12.12 Steady Flow Analysis Window 
"" I • o I '· /; I ' - '• -. 't ' • "t. _f'! 

·i ' . . 
.. ·~· ,.;;, .. 

1 ('·~1\\f·:ip f'''T ''~ -;r;:.- 11-:1.1 ,. 11c .. ,,..., · .,~ . 
. . . : . ,{i[4t;JJ;~l~rrt'!.f ,tMl,~?~~rep as,''} · ~ro4J'>'s ~':. The ·geometry fi le was then 

, selected as "Gate Geometry with 3 Gate Groups" and the flow file was "8 
Flo~~.P;ofiles .. " Next, the Flo~ Regf1ne ·was s-elec ted 'as "Subcritical." Then, 

-Fii~ -a~d Sa~e .P.i~n· A~ w1ere ~h·6~e·n) a~djhe inform.ation was saved as the 
• 1. ~ • ' 

plan,'.~Gated SpillwC~y. :' This plan name thyn appeared on the Steady Flow 
~ -- •• ,.,1<;:- ... ,,. :- Analysis Window as well as o the . .mai,n orog~;am window. Finally, the 

. . cdMi>luTE, b'~tton' ~~s : ;~~~ct~~ _to 'r;~rf'o~·_the~ ~~Jys is . 
~.,. '""~" .. ~ .. :; ..... \'- .. : ~ ~~~\!J. 1 ~ ..... .rf·~~!:,4_',, ~~..-,.... . '"'\,~)i!j, .. t~1 

.. ·.:._~ •• 

'·' ·l'< !lillj ;:lqJ J~ ,,( Jti '•,• ·•' •• "'·f~p(<:•ld :C•I))~~IJii.J<ij(, c'81•>b • 

0 t t A 'I '---· •n qu '';:."'' -,_ , I , - ... , ~- .!'..:'-tit. 

u pu na y~,§.! l!·~; '':li~IC"' ., .. .:~('<' • 1r - 1 ~. • ,'• ,· f 

~.' ; 1 1. I} 1 ( t , ~.! ! . ' ' ~. : ' ' ~ . .' X i 

For the analysis of the output, the _water-sprface profiles, the inline structure 
-.. • ;,t}lp,~ ~§l-~ s.~t,iQn ~t~p!e., ,an~ ,th il) rl(l,~~q-.q,e~~-tY:p_e profile table will be 

~.,.L..J ... .-cJ ev · d b g~ t~~e.~r. di§.S.U, ed !Mli~ fol!e~g sections. 
t '\l .1.•-Jr• ·•••u1 k !l · JH l\'i!O UCI · 1 !' I }H ..1'-ild · I t-.:1111! !-'-1ii1·' · 

~-~ ~r·-": ''~Fitl~~ ,· ·~r~ f::'
1 

·~~}-WNt~~'t5uU.I~i"it; If +a<;,,;.J . 
.. •· ,-,•.,;~~.· -.;'"¥vaa.et• l:IJll~&eJlJ!. rQiflt e:s-' ~., .c• ··'H" :: ~·\i'"·· 1 

,._, ~~~) .. 1_{:-:1 J;f '"'li-::"l:~~L; '::~, . · ' · ·.t' \ q,f~!.:vl.l:J r..,~tr£.: t.tut· ;f._;. 

;·~-:-r 1 f iPb_e)waterrslilrfa-ee·profiles - are·s.In.q~ m. Jf9,-&ltf~~}.f · l.J,, 8 T..)}_iR, Jigu~e was 
·-~· ·~a.ctivated ''fromthe.m'ai·n programwincl.ow ·by -selecting View and then Water 

·Suilface Profiles. Th~ figure shows all.7 .ofth.e flow profiles . 

, , I • • '".1 .._ ~ 1 • _; • ,""; i ' . ~ . I .__ . .. 
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40 
Geom: Gate Geometry with 3 Gate Groups Flow: 7 filow Profiles 

Legend 

' .. WS PF#7 
20 

WS PF#6 . 
WS PF#S 

0 
c ,. -~··· or -·n WS PF#4 

! -20~::0 
w ~ 

WS PF#3 . 
WS PF#2 
··---

=~1 ,..---,----,---1 I ~I ' o ~I o ~I o I~' o I~' ' I 

WS PF#1 - --Ground 

0 20000 40000 60000 80000 100000 120000 140000 

Main Channel Distance (ft) 

Figure.12.13 ··w~t~ Surface·Profiles for NittanY. River 
• 1" • 'l • \ 

l ryH~~~t ~~t·~~~J>~t;C! ~~~~;k.\~~~},~ ., 
- - r• ~-..,....~· -...1.; .-1- ....,.""""""..,.......,_ -- - ........ .-.l...,..,,.,.M-~-,,:,..,........,. •""!1 ~ 

To review the flow;pararrieters through tlie gate,g penlngs, the Inline 
Structure• type Detailed Outpu"'t Tablel waskcfiv~ted' and is show in Figure 
12.14. This table was activated from tl1e main program window by selecting t, 1\ :1 

View, Detailed Output Table, Type, 11;nd the~, I,nli~e Structure. 

l •UfW, .. t~B1H[ V,le table, the Reach was selected as "Weir Reach" and the river 
'station was 41.75"(fhec ros s' section-for tJJe- mlJqe,structliref."Tfie profilewa s 
selected as" 1" and the Gate ID was selected as "Center Group." For this 
profile, the Left and Right Gate Groups did·not,have any gates opened; 

therefore, onlyr~~ ~~PtmdQ fiWP.:>m'L~bct: fi~~cwssed. 

The Center Group had been set (as shown in Figwre 12.11) to have 5 gates 
open at a height of 5 .feet. Figure 12.14 displays <this information in the right 
column. With a gate invert of -10 and a gate <9pe'ning height of 5, the.:top of 
the gate opening was at -5 feet. n~e left side' of Figure 12.14 shows that.the 
water surface at river station 41 .76 was at an elevation of 4.56 feet. . - ... 
Therefore, the water surface did not come into contact wjth· the top of the gate 
opening and weir flow through,. the gate openings occurred . The weir data 
iliat was use to calc~late the ':'Pstream energy .gt;ade line was the data that had 
been entered in the Gate E d itor (Figure 12.6), not the weir data as entered in 
the Inline Structure Station El~vation Data Edjtor (Figure 12.4). 
Additionally, the Gate Area field shows 'a gate flow area of 136.81 ft2

. With 
a gate opening height of 5 feet and a width ,0:f?>\30 feet; th0 total gate opening 
area is 150 ff. This,shows thatthe gate area was not flow ing full. 
"l;'.';l!'·e 12 . U \·a e:·. !l'i;ll'l' I' ·o!!h.~ ior· 'IWan~ :<;;·, .. , , .. 

: 1! ne Structure De ailed Output Tab1a 

·· · .-.:' ·,.C ,. '\ '"'"'iliit '•."'~l ~h·-, IJ~at '·: :;_~II( 1!1~. ,"~ · -~' .. 

'''l('iHrP tynt..=" J ! f <ti;pd ()utp•tf 'I cl!-,le \\.:i.'o clcii\ .u,i' t: 'I 

ij'-, IHhie \;1s r!t.~il' tlle<.l ri'•H,\ ·lh~ '1' 1i1~ p · · l -~.!" ,lj ·,\ 'lll•\' 

. t!' :ct:("£1 ( IH! t tft I ;..lh~ (' . ~ Y pt.. cl!HI =ilt~ll ;n!i~H· ·"~ n·f~ 
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Figure 12.15 Inline,Structure Ou~put Taple forJ>ro file 2 

-3:3 Additionally, for the. second profile, the Left aodRight Gate Groups were ' 
F,ile Iype ea<!fii. fgt t/3.1Htve 2 gates open, at a height of 3 fe,et. By depressing the arrow 
?·· ·~r l ·litf9{y~~eyate ID fieJd,l ~&@fJeeft (bf~igbt) groUp Gan cb~t~~~~fed: .. ~Ji'Dr(,tl:\~~' ~ 

• • ............. ~~· •• . ... .. ..... ....... 1 ...... , _ * I 
group, gat-e-eentrolled flow occurred -threught~ gate openings because the 

::acn ' \J.I,;, II P. at>b.- ~ I RS ' 41 75 -.: 1 ._.. , ti · -;.pJan 3 qr~m· ~ 
· Jo or tn~. at~o~9J:!2gs · ere at fl!l~<;.,V.aJ;!g~r..?~t~er. .~I'J.e- Il~Id Gate Q 

. _ .... .ToJg/'shQw~t~~t}f9q9 .. 1J;i~f: · W.I~,ith~~t<(!t~.Jl<i)¥..,.t!l~ouglilttb~ gate openi~~s .. _ 
':. Ele~lnc.e_.tb.e Left add Right groupS'ib aWfb~es~ate..se.ttings,Jthe total :ff()'W in 

.. ...:_. ::. 1 A~.t!fl~cr..oss..sectio~ was 2 tiiJles th~ t16WMrfl:ia1~J£ttbr-ou.p..plus the flow in the 
''-ti<mtu.Grou~-:2.(2926.1 r)'1.!J?C4~~7~;Q __ ~(W~f5~-t-ie-tetai flow rate for the 

• 1 _;at"' .tt _ n•er. ' ' · 
second-prefiie:...,.. ----- ---------·-- -

··:~·,··J _!______ -~~~!::~~'~_\2g_!!_l __ ._, __ 
fll J l:l-3l" :)uhmer·~ 

~p-a:rty,-forthy remaining profil~tlR } tnrough- tne gate openings can 
···~· g~~~fr H~wectby wressing the down arrow .next ro:tne-Profile·; box. The. Weir 
... ype;iljJetai eOl . utput

1
Table for 'P.rofile '/1~own -.!tlf:_s."'Q.re 12.16. For this 

profile the weir flow Clata' is shoWrt on the left si e of the table, based on the 
data:a§ '!entered i . the lnliile Stf'b~ttte"S~atibH E evatio-;Data Editor 

,.., (.FJi.Ure ... i24)The toiahvei r flov.hs' sb'oWci1'6'BU4-:2s_5!)_A '.cfs--B.e.caw;.e..tb.e 
Left, Cent~r;-!ifd'R~ght. (Jate-;qropp~.~.ere"ept~[~<i..witq Sn~ ~arne gate settings, 

·· the-tont1 ' flb\~hrlihe ·c~n\~ s~c1:IO!l'i:s"'3 (1i 3!ft§:021~n-49'SS.9<r=-75:'00o-crs;rne 
total flow for:;ihe prbfi'f~: TH~~t~ble:'alsb '~i4j5tkx~/O.tlier w)~i~ data ~uch as the 
left and right 1~thtio~~ a~erag~ 'cld~t[,':ail 'StliJ~gf~e 1c'k~10 :.:tt· . . 

· nlll-' · .tl 1 •L"'r t.·~.: 1' ·w·; ul·•'~" l!.. tl.~ 
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Figure 12.16 In line Structure Output Table for Profile 7 

lnline Structure Profile Summary Table 

Finally, the Inline Structure Profile Summary Table is shown in Figure 
12.17. This figure was activated from the main program window by selecting 
View, Profile Table, Std. Tables, and then Inline Structure. The figure 
displays the water surface elevations, energy grade line, and total weir and 
gate flows for each of the profiles. This table shows that weir flow only 
occurred for the last two profiles, and can be used to assist in the 
determination of the gate settings to adjust the amount of weir flow and gate 
flow. 

12-17 
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Figure 12.17 Inline Structure Profile Table 

This example computed 7 flow profiles for the reach ofNittany River, which 
included an inl ine weir and spillway. The gates for the inline structure were 
divided into 3 groups, with 5 gates in each group. This provided for 
fle?'-j1~f.litY,,,?Y1~pn setting the number of gates opened and the gate opening 
heights-f'oreacn prOfileoecause·lbe opemrig liei"gnts-mus e :ne·sameforall 
of the gates opened in each gate group. 

- -- -~ ------- -- -·-· 
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Example 13 Bogue Chitto- Single Bridge CWSPRO) 

EXAMPLE 13 

Bogue Chitto- Single Bridge (WSPRO) 

Purpose 

This example demonstrates the use ofHEC-RAS to analyze a river reach that 
contains a single bridge crossing. The river for this example is a section of 
Bogue Chitto located near Johnston Station, Mississippi. The bridge crossing 
is located along a county road, near the middle of the river reach. 

The field data for this example were obtained from the United States 
Geological Survey (USGS) Hydrologic Atlas No. HA-591. This atlas is one 
part of a series developed to provide data to support hydraulic modeling of 
flow at highway crossings in-complex hydrologic and geographic settings. 
The bridge, cross section geometry, and high water flow data were used to 
evaluate two flood flows. The first flood had a peak discharge of25000 cfs 

-- and o'ccurred on December 7, 1971, constituting a recurrence interval of 50 
years. The second event bad a peak discfiarge of31500 cfs and occurred on 

-. ..... :-., ... . ·' March 25, 1973, with a recurrrence interval greater than 100 years. It shou ld 
be noted that modelers typically do not have access to high water marks and 
actual field flow measurements at bridges during the peak events. However, 
for this example, since the observed peak water surface elevations were 
available, they were compared to the output from HEC-RAS . 

For this analysis, the water surface profiles were determined by using the 
WSPRO [FHW A, 1990] routine, which is an available low flow bridge 
hydraulics method in the HEC-RAS program. This example will focus upon 
the entering of data and review of the output for a bridge analysis using the 
WSPRO method. The user should be familiar with entering bridge data, as 
performed for Example 2. The user is referred to Chapter 5 of the Hydraulic 
Reference Manual and to Chapter 6 of the User's Manual for additional 
discussion concerning bridge analyses. 

To review the data files for this example, from the main program window 
select File and then Open Project. Select the project labeled "Bogue Chitto, 
MS- Example 13." This will open the project and activate the following 
files : 

Plan: 
Geometry : 
Flow: 

" WSPRO Bridge Analysis" 
"Bridge Crossing near Johnston Station" 
"50 and 1 00 year flows" 
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The geometric data for this example consists of the river system schematic, 
cross section data, cross section placement, bridge geometric data, ineffective 
flow areas, and the bridge modeling approach. Each of these items are 
discussed below. 

River System Schematic 

To view the ri er system schematic, from the main program window select 
Edit and then Geometric Data. This will activate the Geometric Data 
Editor and the screen will display the schematic, as shown in Figure 13 .I. 
For this example, the river system is composed of one river and only one 
reach. The river is labeled "Bogue Chitto" and the river reach is "Johnston 
Sta." The river system was defined in itially with 11 cross sections beginning 
at river mile 50.00 as the downstream cross section and river mile 56.97 as 
the upstream cross section. The initial cross section data were obtained from 
th~ USGS Atlas, and cross sections were interpolated along the river reach to 
provide additional cross section data. 

,. I '' '\ •' • 

;;·J~. t··~ .. )lf 1 ll' 1/t.. f'i\ ·' 

; ,~, '"''. r 1~. •;Jt·,,·it 

l · ... 

Figure 13.1 River System Schematic 
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The editing commands of Add Points to a Reach and Move Object were 
used to curve the river system schematic. This was performed for aesthetic 
purposes only, and does not effect the hydraulic computations. 

Cross Section Geometric Data 

To enter the cross section data, the Cross Section icon on the left side of the 
Geometric Data Editor was selected . This activated the Cross Section 
Data Editor, as shown in Figure 13 .2. Then, Add a new cross section was 
selected under the Options menu to create each new cross section. For each 
cross section, the geometric data consisted ofthe: description, X-Y 
coordinates, reach lengths, Manning's n values, main channel bank stations, 
and contraction and expansion coefficients. (Note: The ineffective flow areas 
will be discussed in a subsequent section.) 

Manning' s n values, and main channel bank stations were obtained from the 
field data displayed on the USGS atlas. A summary table of the reach lengths, 
Manning' s n values, or contraction and expansion coefficients for the cross 
sections can be seen by selecting the relevant listing under the Tables menu 
on the Geometric Dat~ Edifor . The summary table of the reach lengths for 
the cross sections is shown in Figure 13.3 . 

1 I • ·-

Cross Section Data - Bridge Crossing near Johnston Stati... liJ 

Figure 13.2_ Cross Section Data Editor for River Station 52.29 

-~-~1~-~- •• -.·-.-:~:· ;~-~- -.-~ 
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Figure 13.3 Reach•Lengths for Bogue Chitto 

Cross Section Placement 

The reach lengths, as shown .in Figure 13.3 , determine the placement of the 
cross sections . The placement of the cross sections relative to the location of 
thetb'f.r~te'fs-Id~ ·a~11for-aeettra:te-preclietion-o-f-expansienr-and-contracti o fl · 

losses. The bridge routine utilizes four cross sections to determine the energy 
losses through the bridge. (Additionally-the program will interpret two cross 
sections inside of the bridge by s.I!Petimgosing the bridge data onto both the 
immediit~d_a:W~stream and-upst!:l~-;J. , s se'cfio'iaS'•tfromttMe<b'ridge.) The 
foJ.lp~~i~l~r~< ~});~~f summary ,for the initial estimation of the placement of the 
fo~Fcross s'ections._ The modeler should review the discussion in Chapter 6 
of tile:m.~r~J)\\ftiil Mri•and C~MJt.M., agt:Jhe Hydraulic Ref~-:epce Manual 
for further detajJ . 

:--•-::::- ... ~~-~\:r S~~ ,- L·=it:___j .-- C:hannc;l 1_,, ROP ·-- _ -
First Cr.ciss·.s .ection."i·1aeally, the firs t cross section' should be located 

- - '71)- -.. .... 

sufficient~y- d0wnstream from the bridge so that theJ low is not affected by the 
str-ucture-(i-:e:-;-the flow has fully expanded). This._ cj.istance (the expansion 
reacb-length-J·should generally be determined by field investigation during 
high;:flows-am:l wilf;yary depending on the degree of constriction, the shape of 
the' con§tficfi-on,- the·magnitude of the flow, and th~r:veloc ity of.the flow. ln 
order to provicfe better-guidance to determine the ·location of the fully 
expanded cross s-edtitm, a study was .perfonned by..the Hydrologic 
Engill_ee't_igg_Center{REC-1995]. 1'liis study focused on deterrtlining the 
expansion reach length, the co~~~~t,on reach length, and th , ffxpans ion and 
contraction energy loss coefficients. The results of the study are summarized 
in Appendix B of the Hydraulic Reference Manual. 
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.. ~ ·. ,. .. . ..... :\, .. 
To -determine an initial estimate ofthe expansion reach length, the following 
information was required : 

b . 450ft -
B . 5000 ft 
biB 0.1 
S (25 :7 ft) I (36790 ft)*(5280 ftlmi) 
nob l nch = (0.13) 1 (0.05) 
Lobs ·1770 ft , ... '·',· 

where·: .b 
B 

·S 

bridge opening, width .. 
total floodplain. width 
slope ·~- " ,. ,. ' 

3.7 ftlmi 
2.6 

•• ' ·~ "-" .J.•, ·: nob Manning ' s n vaJue'for·~the overbank 
Manning's n value for the main channel 
average length of the side obstructions 

nch 
Lobs 

With the above inf01omation, an initial estimate of"tpe expansion reach length 
(Le) was obtained by using the table' values in Appendix B of the Hydraulic 
Reference Manual. From Table B.l , an average value ofthe expansion ratio 
(ER) was 1.2. Using this value, the expansion reach length is: 

(ER) (Lobs) (1.2) (1770 ft) = 2120 ft 

From the reach lengths table (Figur.e 13.3 ), the distance from cross section 
5~)6 to .52 ."0.0 Js 1956 feet (=4~6 + 1530). 1 .T;heryfore, cross section 52.00 

._ 11 .i!'· ,. , . was injti!liiY considered as the cross section of fully expanded flow. Since 
, . , : .. ". :~<,; 1: !' .~ros,~; ~~ctiQn..52.4fl ,is :in the zone. (j).f floM',~e~pansi0t1, ineffective flow areas 

1 7 ._, , , q : 1 . ~' :;·' u· wY,qW.I?.C((q . in tpe overbank areas. Th·is-wiH-be discussed further during the 

. . :. ·I•,:; , .• : i .4Y,~e~mig~t!gn ,9!J~-~· jneif~cj:_i.vel,U..~ .. l~~,~-E :,._~,,;;_, ........ 
.. . . \ . .'-. ·-··-·•·•;..;... -- .I ·I 

I I i. 

. ' 

I !1~""~·)' -,1. ~!fl!l' ''i '"-~ ,I ·~ It; •1, :"' ~:' i -'I. 

Aft~r the steady flpw analysis was P,y.rformed, the expansion reach length was 
eyalu~te~ ,using r:egressicm·equ¥ttions: ~~at_ a~~- pre~ented in the HEC study 
[HE~- ~.99.5.]. . The equationqequu:~ .fl<2~:P.?.r~!P~!~rs at the initially chosen 
lo.ca:tion and canf!ot _be ev.alu~ted._until aJtet.tb~. steady flow analysis is 
performe.d. These procedlll'es will be .described near the end of this example. 

~~ ~ecen~-Gr~p~~~eti~?~T-hr,;seco~d lcros~S;S~PJ!on-- used by the program to 
·analyze the energy losses tlirough the bridge is located a short distance 

,.);,J,ihi:nr df?W,Ji!p.t;r~am .ofihe: structure. This,s ctimi, should be very close to the bridge 
and . r~fl.ec.t the effective flow areioii ·m~' a~wfisti6am side of the bridge. For 

. this ex~mple, a ,roadway~embankmenfs1B~~tfgradually from the roadway 
•.:«:, ,. , . •• 1 ,., "i'J!~~N9~.l o, bqth.·,~i~es, ot the ro~,qway,~. ,; . .Q.t;,OSS·§ection, 52 .3 6 was located at the 

1 .,, • ) • to~ ofthe.rl%'dwa'y;einbapkment an_d was ]Jsed to represent the effective flow 
" .area on ,t\le downstream side of the bddge op~ning. The program will 

., • , 1,., superimpose the bridge geometry onto this cross section to develop a cross 

. __ ._ --~-- ._..J;,e.ction jns.i4e th bddg~_atth~_d.o,w,~ssr~~ll).:,~l1:-9-,...,1 . 
t ••• ' • 

Third Cross Section. The third cross section is located a short distance 
upstream from the bridge and should reflect the length required for the abrupt 
acceleration and contraction of the flow that occurs in the immediate area of 

.... ._I. • ~ '-~ :. 
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the opening. As for the previous cross section, this cross section should also 
exhibit the effective flow -areas on the upstream side of the bridge. For this 
example, cross se~tion 52..38 was located at the toe of the roadway 
embankment on the upstream side of.the bridge. Similar to the previous cross 
section, the program will superimpose· the bridge geometry onto this cross 
section to develop a. cross section inside the bridge aNhe upstream end. 

Fourth Cross Section . . The fourth cross seot:ion-is located upstream from the 
bridge where the flow lines are parallel and-the cross section exhibits fully 
effective flow . To determine an initial estimate of the contraction reach 
length (Lc), a value ofthe contraction ratio (CR) was obtained as 0.8 from 
Table B.2, Appendix B of the Hydraulic Reference Manual. This yields a 
contraction reach length of: 

(CR) (Lobs) (0.8) (1770 ft) = 1400 ft 

From the reach lengths table (Figure 13.3), the distance from cross section 
52.46 to 52.3.8 .is 38n feeL. For,t his.ex,ample,- cross. ,seGtiGn 52.46 was initially 
used as the section where the flow lines were parfllleL Afte.r the steady flow 
analysis, the location of this cross se.ction was ,e~alu~ted using the procedures 
as outlined in the recent HEC study [HECd995] . This evaluation will be 
presented inJh~. discussion nea( theltrnd1 ofthi& e.x,ampte. · · 

Additionally, the HEC study [HEC-1995] prQvideo guidance to determine the 
expansion and ~ontraptipn CO<:(ffi£.ient~ .. __, TQ.e, ~ontr.aotion .and expansion 
coefficients are used by the program to determine the transition energy losses 

be~~.en .t'f:,o ~~~l~Y.@,~t ~r~ss s~ctLOJlS. ~~0!l}e:!h~-q~U! Pf9Vided by the recent 
HE'C' stlfJyt!t~9-5J, graaual transttwn con acuon ana-expanstorr--- ·-· .. 
coefficients are 0.1 and 0.3 , and typicat bridg~. contraction and expansion 

coeffiRWnf~ a~.l(. P;2uan.R: 9 ?L'' wRReefiy.,~l:XccDI?rtl~\~tiq.mP:~ta.!t qridge.s . »fh~re 
abrijpt, qh~~~~L~~~ &?gRr,ri.m~,~ ~~~Pf?fifjBYfft~ ,w~:Ydtak~ tW[I?iYr, .v.a~ues of.Q, . .S 
and. q ~~J%W?.r}l:I~E!i8rl --~~~%~1~W1a0Jl~f~~~RBti~~lXr ti'?tli~ting of the 
selecfe~i. '>:a)J.t~~~ f?~(tq~;~lY.teK 1 ff~Rh: ~511\R@ t:;f~c)gf(~ . ~nW~F\i9S. 1'l~~le~. W,l-9 then 
Coef. fi~i~~t~JfffiH1 #}~ .. J~f~mJC~ffi rJ?)~~~~~C\~f~fg~~~~1ffiR~~ \~n'1\)<1'l¥'1 i9:F;jgure 
13 .4. ~cf.fi p)~lh.e~K~~<t,~etlt~?WPJRr ·~5H'<f~E'*I~~~ §el9 · .8RS,, ·. Typtcal 
gradual transition values were selected for. .stations.away fr.ow the bridge. 

How~ver~_r~~~.r,Jtlrt& id~cr~e~£ · 91h t9.S :S.<WJMR,~W~~4\)'tflteW?~r:,ll ~$MP 1 p<.~ ' find . 
o.s fo-rffiif.e~~t;\~lg~rM~rl ftf&W~~~~~~.; f£_ ft~RffitJ?&.aJ ~J~?I-tM~9.{h?Ri* ming 
contrfi<;:t,ioifu~d H)Il%W~9B in9~tn1 9~((.n! ~tRf.~~~~ rrflf~rct9nh-ht1Pter 5 of the 
Hydra~li~-~~,ff.ft~!l~W M,aa"1\\ c11ft~rq~flfuS~t~~¥ .J\?..,~)!iP,;SJJy,s.is, the selection 
of the co~~:f}.{ n!fi{WxrR ~i'ff\~mt¥14·ilPRLWi. ll t~&l~itGltSC'Cff\N M, the end of this · 
exa.n;tp~~~·r · 11 l"t':JCi' tt·npli' n:·· . 

- !1• ·each icttt 111" lahic t Ft.~I Ir l' · , _ _-, 1. the dist;JIKL' II·<nlt 1.J<'''. \CTl l"" 

·.} \1 _ ~:."::~ i~ ;;~() !"eel !·or 'hi•: 1:)1.:\llliJlL. CJ"O~;, S~..:C II UII .) .:.-.!! ,·. · 

.• , ., , ,< seciiult \\here ihc: lltl\, lttH:s were pamdet . .-\tki" ·11e ,tCHt\ .... 

. • " ilt t(h.;lil•llt td 1111.-. ,r,!:-.:-. :-.C~llclil \\·a,., ... :\iltll<lt ·ci ll~ t !IL. \l"t!.' :··· ,,- · 

.. r', t: tn lilt' rt.'CC!11 ! IU -.,i ll d) jild -i09~i - ill!.., ,;\:tlli<llton ,,;,. J;,_ 

,,'rt~<:l. Ill tile <it.~.Clb.,J\lll IIL"d' tilL L"llli 1li. Ll tlri C.\Glrtlplc. 

'· · h..__- tl··(_ \lt:\l.\ :iil \ ,\)~J_:., fH\hJt!c£J ~li1U;11;'-·~.~ ·• ') · 

•"· >•v! l"l>l.\i "<tl"linn t."•'l.'!.'j 'IC!lb l Ill.' ~,;tJilll"<.ll:i.IO!l tll.u 1. 'IHl • ,,,H: 

1 'i':i i""' !h. ~"1\.'\:"';':)ll!) ~~~'ftT!l)!llt~ lh;._• lr:'!l :--,di •'.Ij I'' 
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'I i .... l: . ~ .. ' . ... . .. ' 

·' ., .. ,.. '~' ·Figure 13.4 · Contraction and Ex,plcmsion Coefficients 

'!t l 

•:' 

,;q: . 

! ,., .. ~ ~· . • ,... .. ., 
This completed .the input for the crosssection geometric data. Next, the 
bridge geometry data was entered as outlined in the proceeding section. 

!''il '"'t I I. s.,;, , 1. I ,, 
'·~-· , .... , ·Br idge Geom·etry:·Data - r::··.,. ;:r ·-- 7>' ~. 

... t:•,. •• • • •• 

'I' ' : ~ • f ' -

To perform the hydraulic analysis, the bridge geometry was entered next. 
This section provides a brief summary of the input for the bridge geometry 
including the bridge deck/roadway, sloping abutments, and bridge piers. 

' , .. · ., ·it~· . BFi.~g~i ;lll~S~ :fl.Pl),~o,~~~~~ ·G~;q.liQe~'i~\-'{;~o.~, the Geometric Data Editor, 
· · '' \·,,~m"'~J~~l t.~~~ri,~ge(-Q~Iv~t;~1~PPc J.f?l %~. }~CJ\pddge cross sections, the river 
•· ii' ,.-, 111 W<}~.,seJ~M~ftf!R~ 'Ol3.Rgl1~ hP:~tto,';~ t~~T~~qhiW~S . "Jphnston Sta," and then 

1; 1 r .Yltfc'Y• • !'n·1 ~(:q ..,-.; l0p.~i'o}\~; a,n9 rAdd,~a; . .B,,r~dg~ .a~d(.Qr. . Culy,~vt . were selected. The bridge river 
'· ·'-.:I F' ·~=l(. i1-..., • r.' :~· statiooaw.asl r~e.o"'ent~r.e,d ,as. ~2} 7. ' e-¥t;, l:be data for the bridge deck were 
-r;-~p, u ;-lliJ tun 11 ;: euter.~IJ)q1~<1 .D'f~9.a<!.WtlY jqf?n.WAMrlrGted and the Deck/Roadway 

• w .·i'( :'1 .,,:p~JwEfiJHo.tram> f\t:eQ:¥~·lks(l;qwp~i~1!Ifi&l{f~,,I~A ... , . . 
·,-, ·-~, ,,, ;_ ;,,I: .L·!: r ~~~ t''Y(I '' ".toi!p:J · i:l'iro ' ~i.qS lio,-i·t~ ' '-.u•/ 1 tu~1.t f-•,;~· _, 

.~~ '·\ .• (-.·p "f''7"!r11 l:ii.l~· ' k!t:l p~1·.-:n ·\ .'1ti' 1\~~ ~~;.h ~ :'lj Y::"l ~ i'J 1·Jh! ~ti0i\~\ ;)i;- ; ~ 

. ··'·'I : · · '\ i:n 'n..)';)cJ-::'.1 ·--;li i),'~h,\.'1\~.,:,,)lf'! ·W irj ·):!'jJ[i.:>..:.•~< .• ::. 
' L..' Ill '\., {-IJ~ ' :; ' ••~o.r "\ ''II J· \ l \:) 'P . , \.! ..., I.\ "Jl. . 

"1'1 ' ' r:-;,, If'> I' ::1 1 P , · .q~lll l')t!:'ll'i! . ''11'n ' '"" · ~!·IJ."~ ,, ~-· · '~:'h ::'' '· . · .. ,. • 

, . .-~·~~ i(J if1:1tt :;t!i1ilt?ll1~~ t'n 1 ~·;.)·,,., .... ~l-i ~=--1!\ i:-.!.', . i . ...:..; !~ ,· ;"':'.;. \ r,: r-.! .• ~ l· 
J - . • 

.!dls:·l',;\'-, !\til' !l•lrf'll!.!!lh':) ,ll,fll.!ll rr•:lni \' "ll • , ... 'hi'' · · , . .. , · 

I Ji_l \
1 llliU _:!_~ !JU• ~:--: ''£:.!.~HUl Jl~U.!..'.' .1~1 ~,' ·.. . ,_hi.' . : :. 

, 'Of- , I'·.,. i ~T);n ill .,7",•T; 
·"""~') !:'\ ( Jt! '~ fPP ."'IJ! UJC"~J J !f 1 '1!~·. , ..: t.:t '"' •·, '"I ,,, , . 

1L. ';., 1 ,.1j 'til 1 ll ll! l. ~: ); .ll' ~J' ll\•.1;1· .1;.' rq 
4

( j l._,; • 

'' I of' 11, 'l''l il \('\If I : ,., # ., , • t I !) ' , I :. .. 
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Figure 13.5 De~k!Ro!).dway Data Editor ·, . 

The.ifiti'i11Hpn '-a:tthe-"top.ofthe .. e~itor is ,th-e-:di~tl¥1-ce .from, the upstream side of 
the bridge deck to the cross section irnmecliate)y ups,tream from the bridge 
(cross section.52.3 8). This distance was determined to be 26 feet from the 
USGS atlas. In the next field, the bridge deck width of 31 feet was entered. 
Thf?t1s11ll''total distance of 31 + 26 =57 feet. From the reach lengths table 
(Figureot-8.3), the distance from cross section 52.38 to 52.36 is 84 feet. This 
leaves 84- 57 = 27 feet from the downstream side of the bridge deck to cross­
sectip!l "2~3~ Finallv at the too fthe 'hec~oadwav nata Editor a weir 
~t Hl , h•ah r:r;prtl ·lOW chorrH l taQon · 11:~91i c. wQ~)(.)I,\!' .11'orGf! ..... ' 

flo rc nt :of.z.6"was selecteth or·tnw ana: rs. - .. 1 
' ' t ~ ' J. 

.... - .. 4-l .: 
The central sect-ion ofthe>jQeck/Roadway,;Edjtor is iCQmprised of columns 
for inp·ut of the. station, high cord :~levation, and low, cord ~levation for both 
the upstream and downstream sideslof the bridge deck. The data were 
entered from left to right in cross ;section stationing and the area between the 
high and low cord comprised the bridge structure. The statiQning of the 
upstream side of the deck. was based on tbe stationing, ofthe cross section 
locate@.imrn~Cir!fte ly upstream. Likewis~ r~h~stafioning of the downstream 
side·,efittre deckwas,,based on. the stationing p( ,th.e cr~:5s section placed 
immediatelJy"C!iownstream. Ifboth•thertfpstfeam and downstream data ff{e 
iden.!i~;~);: ~9,e atser needs only to input the upstream data and then select Copy 
Up "fO.:Jio.)V,n,. t9 enter the downstream data. 

:)~-: ' GiSL~nce b . ..lv- 1 .:::.~tl 11r "'·"t-:"J.:""' ·r· .. ··ec-t1o·:··~ .=jt"i'j tier:;_, /!oariv·.';1y {Hl 
• ·' ! '" .. !( 
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As a :final ·note, the low cord elevations-that are'·concurrent with the ground 
elevation ·were entered as a val11e lower th~UJJ.h.~ _ ground elevation. The 
program will automatically clip offand remov.e~the . deck/roadway area below 
the ground . . f'or example, at st.ation 0, a low. ·C.L9.rq elevation of 0 feet was 
entered. However, the.' actual ground. elevation .~t this point is approximately 
340 feet. Tberefore, .the ,program·will automatically remove the area of the 
roadway below.the groun~l. .Additionally, the last station was entered as a 
value of'SOOO-feet. This smtiqnipg ensureq_that the roadway and decking 
extended into the limjts of th~ .cross sectiqn geometry. As described 
previously, the· program .wi!J.clip off the area beyond the limits of the cross 
section geometry. ·· 

~ ... • • ' i • • ~- s . "'· 't"l 

, .. B~lo'w tlle deck station ana :el~vatiorl· dat'£thete· a~;two fields to enter the 
upstream and downstream embankment side slopes. These values are used by 
the WSPRO bridge analysis method and for ~.ap,hiyal representation on the 
profile plot. For this example, values of2.0 (horizontal to 1 vertical) were 
entered for both the US Embankment SS and 'D's" Embankment SS, as 
measured from the USGS Atlas. 

At the bottom •ofthe1Deck\Roadway :D_a!~ Ed)Jo.r:, there are three additional 
fields for data entry. The first is the Max Allowable Submergence. This 
input is a ratio of downstream water surface to upstream energy, as measured 
above the minimum weir elevation. · When the ratio is exceeded, the program 
will no longer consider the bridge deck to act as a weir and will switch the 
comput~~io~ n;otle_to the energy (stttn~~ard ~tep) ~ethod . For this example, 
the default value of p.95 (95 %) was selected. 

L ·• 
( i . 

The second field lat the' bottom of the editor is the Min Weir Flow Elevation. 
This is 'the el_yV.?,tionJ hat d_eterw. ine.s w~~~~~_i):, ~o~ will start to occur over 

! 1i · th~ ~~i~_g~ .11 Jf,PP~ . field is l ~,ft b_l~n~ ,(as .f<Dr ,:t~is· example), the program will 
_,· default-~o -'1.~~.t~e .. ,l?~~.s~ high RP~9~ wi~ r. ?U. t~~ .~pstream side of the bridge. 

... . ! , Final,l.Y,,.r the_ lfl~t~ .. U~l9 1t~ tl!,e bott~.;ll - ~fS~~-~~i S<;:, .~§ - ~r,e selection of the weir 
- ~-~-~l ~~PW~fg~~n~~ 1]1etho_d .... '_l:Q i.~ . mr~ PR,," in_d,1~ferm!ne the reduction ofthe 
weit ;flow. .coeffi c.ienti:lue. to subme..rgence. ·f'or this example, a broad crested 

• ~ • ~ · I I . 1 ~ .,, ' ,_..,. "J" ""! \, 1 ~ 1 t I, I 

weir flow submergenc.e' method. was _selected., Upon entering all of the above 
data; th~ OK button v/~'s se.lecte(to i~.it

1

th'e Deck/Roadway Data Editor. 
. .. .. t • . .• 04 • '· 

• • .\. '· ·...- : • ~ ... "~ .1 l I' , . .. , , . ..~. , 

Bridge Piet;"r <;;~ome,try. To_, e,nter ,tq~ _pi,y.r 9.~tfldhe Pier icon was selected 
· from rpM ,Bri~ge/C,ulvert D.a(* Editor, .. This resulted in the display shown in 

• · I i • · ~ · ~ · · i ~ . 

Figure '13.6. The r:nodeler should not include th~ piers as part of the ground 
: · o: l:f)rtq-~7.:~:-_e~k.(~:Gad~y,.bec,~~~e.pj ~t;::Jg~i~quatl?JI1S use the separate bridge 

.. ~ tJ!••<1lif-l fe'ilrUfit ac -~'~>mg~tlle ·comnutat l-l')liiS' •'-I'~qtol•-iJ, ,,,.)!l"lS· .. , •n L- _J ... 't:'-~ ... '-11~\~(JI • .,.-r .. ' . 'I. . .. ! r t' .• . _ l"'·~ \ ... , .·.p--~ "~' '. ·. • .i: ~ 

·,tit ,: •· ,,, 

... ~. :..., .... '"'' ' 

~:,._!':I ~~}c 

,. 

I. 

h 1~-t·\~t··~:F·~---j .... J:·,?1~):f):ni_;·'1'l'!' .. ,1)-n~t-.·~~'-! ....... f l~r,•-r·....._._.,,, ..... 
0 ' ' 

. ,_,_,. ~'Hf t• ")· jl'"'' "lf_t•· .'1 l:'l ·v .. ,~,r ·- ... ~ .... , fP ,"( ~ 'ltl , ~.~'-:r• :J ·~ , • • 
- • .~'"'· • I • • . • • ·~·. t., ".!....!,, .~ -~ ~~.; 1."'-~·, ...... 1~.·: ( • 

.. \'( ~ ' ' l<\ ,. ' '\ I \I ' ... 1 

-. -. ' . ' .. ~ 
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Figure 13.6 Bridge Pier Data Editor 

The program will establish the first pier as pier number I. As shown in 
Figure 13 .6, the upstream and downstream stations were entered for the 
ceriretl1iffio1rftHrlrrSfp i er. The-o pstream antl -downstreanntatiuns-were-based 
on the geometry of the cross sections located immediately upstream (cross 
section 52.38) and immediately downstream (cross section 52.36) of the 
bridge. The user needs to be cautious placing the pier centerline stations 
bec(;bl.<l~ thtr'_.&coor.c!Jnates fori~~ upl')tre~ <l.rl..tf I~ nstream cross section 
stationing may 1:5e different. This is to ensur:ttiliame piers "line up" to form 
the rc~fi.E3t)'t gebffite!Fjf:'SF\5~'1:!,1 1lfimuple, the .411f~iers are placed 24 feet on 
center1 :with cerrt~Urr~staot i0ningtfre>m 24661 ~850. The piers are 1 foot 
wide foo5 J:};\;ei:ri,.e~tire height. The starting elevation is set below the ground, 
and the.,.~,!l¢iij,g ~levation is:..in i t!l e•ttllrecbridget~eCJkqng . With these elevations, 
the p~m~e~~p ~'clip off'[l t)l.e ex~.ss pier heights. After entering the data, 
the OK button was selected.0, ol~•a'lt 

0 0 0 

Sloping Abutments: ·'fhe next icon on the:·left:s'ide ·ofthe Bridge/Culvert 
-· --- 0 ·~ooo ., .. ··~0 . - - -n--·- -~ 

Da.!_. EditOOt:J~s l_~rtgJAti!!_fmeriitJJh hiSici.wnrw a-selected to enter the 
abutrhl~nt data, aii'd is shown' in Figure r3.7 fpr t teofirst (left) abutment. The 
user_can view the data for the second (right) abutment by selecting the down 
arrow on the Sloping 4-butment Data Editor in ·the HEC-RAS program. 
After the data were entered, the OK button was selected to exit the editor and 
the schematic of the bridge/deck, piers, and abutments was displayed as is 
shown in Figur~ .. p ... ~i . (Note~ ,.t;.pe figlfrr~p.W.I Y1g .~ttl. displays the ineffective 
flow areas that wifrbe added in the next-section.) · 

·_,, j:..IC.f Width· ;~rJj elf"\'.·,t!JI! t• 1 
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, 1 l~i_, .,.! \'. :'{- _l• 

1 .•• li. 

I . ~ ...... ll ; .. . ' . : , . '. ~ ) l •. ' ' ' .I I '\ l • ' ., • ' I . . \ .• 

.. 'Figu~e 1~;7· S.Ioping Abutment Da!a·'~di1or..,... ~~ · 

The cross sections shown in Figure 13.8 are developed by superimposing the 
bridge data on the cross ~ections immediately upstream (52.38) and 
immediately downstream (52.36) of the bridge. The top cross section in 
Figure 13.8 reflects the geometry immediately inside the bridge on the 
upstream side and the bottom cross section' reflects the geometry immediately 
inside·tne.b ridge on the downstreaiJi'·side'.'· · '· .· 

... :_, _, · t.~: ~.·:.:•! ,:' >~.1 ' .--:,~·) ,/·,,,~.I 'l! ~ . . ~ .·,_.· :·L,J..:., 

·p Whi~erviewihg th¢'1oridge~ the' mode.f~r· can select to view just the upstream, 
· 'j t.isrthe dowil'str'eam\ ·or botli ofthe cross section· views. This is performed by 

· ·· )\ .1 . : -~.\. ::J-.Fselecting·'Vi~lyl,an~: then ·the.retj'uiretl t€Jptjol1 ! Adqitionally, from the View 
",J .. tn ;·;tL ~.),):u· " menu;lth¢:user 'sh6'tl·ld's'elect Highlight, Weir, Opening Lid and Ground as 

· :' •-: ' _.,, weH ·i'is ·Ilighlight •Pitms.' These option s enable-tb,e modeler to view what the 
1 • ' •• '· program~iii · c6isf~l'-f~S.-th~ w&i~~J~~hjiibtitl·g:<Uqpening, and pier locations. 

, .. · ~· '··} ;
1'•iA'nyqe'rr0rs'·iiwt:he data' wiUap>p>ear .a~llin·eqn'Sis,tent images with these options . 

!'.' ..... \ . t•l .... ,,..,. .. 

Also, the zoom-in option will allow the user to examine data details. Finally, 
the Apply Data buti:on was 'selected .t6 ·acce.rt.the data. (Note: To save the 
data tq' tbe'hanl'disR;'•the ';liser must selegf"§'~ti'G:e'ometry Data under the 
FiJe·m'erlU 0tr·tl1'e Geometric Data Ed1It8'tY'-'(·(t·~·_,;, 

. . ;-. . 
1 

>,:cr.:·rJ 12t1._. ~:, .. 

... L • . l .n e-ff~cti~e .. F'·I10w:·A·rea·s "'"'"1,'\':""': .. i i!·. ·'·: · · 
. . . ' · ';-,b,.:- ., · : >:: ·-w~·•v~<an '-''~''f"''i·; "·''nt~itro!<:J 1

' J••ut:! "'-'· 
'•, .. i .,1., .... ~"1"''.:..:'., ..... ~·~... . 4 • ''!·, ' .~,·\ ;\ ·-.,~ ... " . ..:,_. ~ ' ~ 

· ., .. 'AS:-a.-i\J;fta-1. step fo~ the, 9.Jiidge geom~tr)l; ~ny ineffective flow areas that existed 
,·· ·: ,··' 'tD . .!' (J\i~'!/81t'f-i~ '~hd'g~ -t~i: an/ other tlfJ~tJLUEtf8~f werW'entered. Ineffective flow is 

. ,, . " . !Iii!·" .... uied t0' tl~fine ·an area.' of the cross ~ection iri which the water will accumulate 
~.. _:,- .:, ··:but is 'tio't 6ein'f~ctively··conveyed . At a bridge, ineffective flow areas 

' ·,: ' '.:.'.' ,,',' !l.of.0~J1X .~,dC'u t' J~If~-~upstr~am· ~nd ,9?;¥nstre~ ?fthe road embankment, away 
• ·.u:.L.; •• .._.o~ • • ~~ .. -- -~:rron1 _1~he , bridg~.' ~p.en ing . --- -'"':;-t 1f,y;.·L'-.'-!~;,_;:., 

l·c: -· 
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345 
34o F'i"Eif§jw 
335 
330 
325 
320 
315 
310 +-~~~~~~~~~~~~~~~~,-~~~~ 

0 .... 1000 .... 2000 3000 4000 5000 
·, Cl ~ ' ( 

,. 

345 
RS=52 .37 Dow nstre.am ,(Bridge) 

310 +-~~~~~~~~~~~~~~~~,-~~~~ 

0 1000 2000 3000 4000 5000 

station (ft) 

Legend 

Ground .. 
lneff 
• Bank sta 

QJ~j~g!Jr~Jt~.8 Bridge/Culv~rt Data Ed,tq ft f~f·t~H.Y-~fY,~P.~~ .B:ri!.dge #341 

F~r ::th:i·~ :~~~;;ie7 in~ffective flow ~eas. V:,erelhOOded on both the upstream 
··,::-:er~- section (52~ 8:}i 'illi1Eltthe lib:Wnstre~ ,o/.9 .~ _sectjon (52.36), as well as on 

cross .~~c!~8l:!J?~;2p:1,the cross section in the ,exp~ioJ;l . n;~~h). To determine 
an initial estimate. for the stationin~ ofth~jneffecti e flow areas on either side 
oftheJ5:ridg~,_~j)· rati6"(}ftf&tcri~tifri'c_rftgin:the.~brjdg~ to_ the cross section 
was used . For this exafifpiej 0ro~s~s~cstioff'·~\~i8 is located 26 feet upstre.am of 
the bridg~.::_'tl}erefm;.r, -the-1 · · · ~~- -- p~-sef!o • 
start \it 26 feet o t~ - · . The left s:id.e--of the 
bridge opening ,·s 'at srammw.ow'+L~'!' ' 

2444 - 26 = 24 18. The'right side bridge opening is at station 2864, 
which leads to a right ineffective fl@w station of2864 + 26 = 2890. --
Simifarly, cross .~section --52.36 i"s locatet!_]f7 feef do4-w,9jtream f~9r.n the bridge 
and the ineffective flow areas at this cross section were set at 27 feet to the 
left and right of the b~jgg~ __ o__pe~.ip.!!. -~t, ~tati~~s. 9f241 7 (= 2444- 27) and 
2891 (= 2864 + 27), respectiveJ),'_ .. w. '.,,.11 

•t:l. or.,.., 
- . .. ---- -- ---------------------- "' 

· ~-: ~~ .. . . . . IJ J1l l ~. _ . ·"·eCllf ' 
The m!tllrl--e<le-v Jton-<0f><the;Jfreff~o\\ . - , . 1~~s, ·~r tne upstream cross 
section was chosen as 3}0.?, a v~-~slightly \ower than the lowest high cord 
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Example /3 Bogue Chitto- Single Bridge (WSPRO) 

: ' . 

e le~ation (341.0). This ineffective flow elevation was chosen so that when 
the water surface becomes greater than this ineffective elevation, the flow 
would rro.~t likely be weir flow .and would be considered as effective flow. 

,.., .. ·. . 
·' 

Af i:l1e do~hs'tr~~ffi lcross section, th~' elevation of the ineffective flow area 
was ~et to' be"339.o, slightly lower than the low cord elevation (340.2). This 
elevation was ·chosen so that when weir flow occurs over the bridge, the water 
level downstream' may be lower thari'the Io~ cord, but yet it will contribute to 
the active flow area. ' 

.. :I ¥ \ 

The i'neffective 'flow areas were entered by first s~lecting the Cross Section 
icon from the Geometric Data Editor. Then, Options and Ineffective Flow 
Areas were chosen for cross section 52.3 8 and then ..for cross section 52.3 6. 

1 1 r .,. - ~- - • 

The ineffective stations and elevations as previously determined were 
entered, as shown in Figure 13.9 for cross section 52.38. 

•lj"'t.. .. .... ,.,,,. ~ur J 1 

-

Ineffective Flow Areas . : 

- '" l1'\ ;\10."\} HuJl~ , .... ~ '''"' "':lq; 1 ~ ""' '! ':1!.!~ll.l,_ 

. , .. , " ·; · , 1F!iguFe ·1319 .: ·N-or.rnal Ineffective FloW~ Areas for Cross Section 52.38 

- ~ . .., I ' ... --; I: ,. ! ~ I ' ..... I •}'' ''I \ . -

Since the:f'Nor:m~q;: ... ~:YP..~..s>f ineffective flG>w -was chosen, these entries imply 
· tba aJJ·.;the »!at~·ht9.· ~he l.eft .of t,h~. left · station and to the right of the right 

"i·:~;r., .station ,wiU. be ctDnsiSered as.ineffe~.tiv.e-flowuntil the water level exceeds the 
),.,;eleyatiqfi g f}.4Q. .. 8 (eet. 1 .. J.. , ··~ 1 . 

, ' • ! .• ~ · .: .. • .1\.d •.d\' ...... :L:l" .... ,, ,1, I•.: ,i~,\ .. ! rr ~.'' • . .._,1· •. 

, ! ,., .. " n Cros~sectioiJ 52.29".is Ih"the 'area o:f'e · panding flow and therefore only a 
... : .• ,,-,. · "V;-> .• po 'iQ.Q.<:>Hh~ cross sectional.flow ~i lf bel~ffective. A" ormal" type of 

.in.effecti-v,~.Jllo.w area~·'" .~re set.at ~tations 1030 andJ3800, both at an elevation 
of3~8'.· These stations were determine d by. taking into account the distance of 
eras section' 52.29 from the bridge (426,feet), as · compared to the total 

· · .1~ .~.~ Jt.>l' distalilceloJthe exJDansion reach len·grh (1956(.feet):- '~ 'WHh these distances, 
cross section 52.29 is located approxil!lately f5% (= 426 I 1956 * 1 00%) 
dowrfthe"expansion reach ·]ength: '"/Wthe flow exits the bridge opening, it 
will initially expand at a greater raf~l~}iiJi Ii'~'~- !ff'illliher down stream. An 
-mTfia -es 1ma e ofTheaegreeof expansion·was ·assumed to be approximately 
60% at cross section 52.29. Therefore, 60% ofthe left overbank width was 
subtracted from the left main channel bank station to determine the left 
ineffective flow station. Similarly, 60% of the right overbank width was 
added to the right main channel bank station to determine the right ineffective 
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flow station. The elevation of 33 8 was chosen to be greater than the water 
surface elevations. 

The 0~ button was selected and then Apply Data was chosen to accept the 
data. The ineffective flow areas then appeared as triangles, as shown 
previously on Riglllr.e 13.8 for the:bridge"cross~sectjons. Additionally, the 

I 

ineffective flow areas will appear on the cross sections plots. Finally, a note 
will appear in the box at the bottom of the Cros~ S~~tion ·D~t~ Editor that 
states an ineffective'flow exists for ea~h · dros\' s~~tfb~'th~l:'this ription was 
selected for, as shown in Figure..13.2. ·Tl)e ine:fifective flow areas could have 
been entered previo11s~y (~long~~itp th.~. 9is~,ps~!~N~(t~e cross section data 
(X-Y coordinates, reach "lengtns," etc.).' However,_it is often easier to enter the 

I'' 11: 11"1 II tl· II.. l 1 •. 

bridge data first.aJ;J<j .;th,en the jn~~ective:p~w .?1~ta t,o, ea,~ ,i.l>' detennine where 
the ineffective flow ~tatjGlflS s,~opJq. b~ :lo~a,"1;yd1 . ~er, t~.e steady flow analysis 
was perfonned, the in~ff~ctive flo~. ~r~a.~, were evalu~t~d to determine if they 
were pl<J.ced appropriately, . This will qe qisc~ssed near the end.ofthis 
example. ··· · · 

t t t"-" • ';a 1':. 
' ' 

. • .! . ,,: 

Bridge Modeling Approach 
/>" '· •• t: .. 

. . 
The bridge routines in.HEC-RAS allo.~ the ll}f>.d~~xt ,~0 an~lyz~ the bridge 
flows by usj.pg different methods *'ith ;the S.!!ffie(g~om.((..try . The different 
methods are: low flow, high flow1 an~ c;orpP,ip,a~ioQ.jlow. L0w flow occurs 
when the water flows only through the bridge opening and is considered as 
open channel flow (i.e., the water surface does not exceed the highest point of 

____ th,~}R'YJBH~9~ . . idge,). HighJ1ow oc:c:_~ s.,whyp the water ~urf~~~ --- __ 
encounters t y big ~~t pomt o th~ lpw. ~GI;d ,o~..,t,he 1 b~i ge. FJ,nally, 
combination flow occurs when both low flow or pressure flow occur 
simultaneously with flow over the bridge. The modeler needs to select 
appr~p\iat~ .m!!th.o...Gii~f~r , b~th lth~ ~lo,w.ttlOM\ ,1'100 lfoMherbigbJ·fJ.o,w m.ethods. 
For the ~~IUQ\J;W;tion flow, the program will use the methods selected for both 
of the flows. 

·' f)j._: b111lr>n \,,h -.,'krted a 1d fhc:n Appf) lhna \ <b i.:hl''-'1..'11 11 'lCcl'!•ll 'C 

FrolJ1 t4~=eG~mQt~trJ~ })~f;l~Qi!Qtl;:l1~t&hctaldqg~{t(g~~~1it. iaon and then 
.th§\~·~ge·tM~liJ~Qgi ~DPIW~~b ~~ttgtl.c rf)ijj-.c; :;wlill la.~i'Yat{i (th~cBJrid.ge :· 
M-od~(t}jp,g: ~pprAAQ.b Eldit!¥ c!l.l !)m!lc.iltJt,ig-An~cl-a),l.O , IR€>r thit:!,!:lxar:nple,. : 
then~ ·~, p1iJtly, ltl~0~~- Qp~njngJcp.,_~llt~Q' ·~J.uhli.srtiY~ ~~ l!lllt:t®mf~et th.e 
br~_g~n4m.l:ff.fc'M~~ 1 1~)tQe;m,Q4~~reift~f~IJ'~d t<tl:khlilJll~ 6l<lt th,~ illli$e.r?~ 
ManoQ~d :~md,~~~P~I11 5i tof1\l~!Uydtlluli'¢t(R#(t11imAe-M'llnu~hf~;~; additional 
dis~~\Q~,t!N R.ll.i!ill!eiftl~lirtgJ~f\pr~AAh~~~hP.r~; (·the cro'-·· ,(· · .. · 

~ • j ' \_,... ~)·'\.~ ~~ 
· _,H.Jl'<Jiwll!.:~. reach lcil~~tlJ:-.. etc.} fhmcver. i1 i~ ol'lcn :..::1:-.1vr •I en<•. 

Low, FlPi\Yl ~tb~~ li \IIh~ilta:l~<ileiii:U'dll~(t~SJ t<l, sd'l~~.ttwbi~hl icxW: tflow1 metliods 
the Pli9.gr-aOll\~hJ:l1,Jl~l P~ipMte,ami iWh~h! · ~tl16H&,·~~prdgr~', aho:OJd use. The 

1 } .• , 'i'" I ; ' I-\ l ' )n \ l l I'J t l o 1 1 ' 

mQd~l<w<.~L&:.~.l~A~ t:.G , J:i.a~~ rtO.~ p Q)gr~fu; ~ompy ~h.PAU:~C:-.L\1~ m~thods or all of 
the · m;ethl.rul.s"til.'h~e~:.*~'iP:od~l~r.~e~<lr.J~ ~l@.oi . hi~~-~~tthl~.d t.he:pr.ogram 
will use· as a final solution. ALternative'Jy, the modele can 'select the · 

• • II .t . , . 1 {r ' 

computatiOn of several or alJ of the methods; and tnen have the program use 
• .. . II \ l 

the tl{l~\~ . · h~~fa · q~ · 1 ss for ~he .final solution. 

·-:ti:.': rc:tll'lli. .. :-. in II ·c R \ '; '1IIm\ •he nwd,~lci l•l <lll<l;\ /.L ;,;t ;~. :d~:·. 

:""' u'i11~ <li!li..!rcni !11eih1lt:..: \\i!h lh .... ..;~ 111c ;.!CI,\!nctr: ·rhr" t!ill'erc ~: 

, n:: !f\ 1 lit''' · h! ;h i'!O'' , :11HI t.:•) lllhli1 itlillP illl\' ',,,, ;; ,, ,, ,:u.::; .. 
!:•..:! ;),,,,~ nnl: 1ilrn!1Ch l!'lc hrid!.!t: nne ·!lilt!. ;1nd !.~ ,: •. "l'"'''·r ., 
. , . .. ' ..... • , , , , ' , , , 1 ,. 1 ~. , ,... • 1 , ·~ , , , 1 , ' ·. • , , , 1! ' 1... . i, , ,. I· .. · r ,..... , • 
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I' 

i !l .! 

· •··• '·;-· .. !'' - ·•· · · Figb.ili3~lO ·)3:.:-ia~·e 'ModeHng ApproatilE'ditor 
.• . it .•• . I I • I ' • • \ 

. , 1 
_, '· l i ! , ~ ~ ' I ~ ~ 1 \ • ' , • ·l 

', ...... ~,-~-·. ., _;{•' 

: For ~h.!~ .. ~?ffU?ple, ~11 four low flow· methods were ·selected to be computed. 
For the rri'om~ntum method, a drag coefficient Cd = 2.00 was entered for the 
squar.e nose piers. For the Yarn~ll method, a value ofK = 1.25 was entered. 

"'·!!l'l'Fitia'lly?the;<WsPR \ ttf'tt;htDd :W~,.. ~~o1oo\i:6, &e:-l!fsed·for the solution. The 
'"" 1 ! 1 ~'.i'' ' 1.1 u :'l l !l '1 ''1Lmddelerlis1lefeJ!f6d t~! Bxample '2u:Beayen0teek for an example application 

• ,\tJ 1 1. :1l·1'' uJ~;) ili'if. 'fil'ithetf'di§ob~~e:s"th~ 'loW T fi:C!\l'f·, m~ttf9ds 6).fenergy, momentum, and 
1' 1-;! ,,. -·;•·• • 11U(·I !1llll~atii~ll::-til·f~{j;(~t!"1';:p~~~~ .l"'l'"'!•lll l( "'l!l rd 1q :r'1 «nr\ t'} l' ' • . 

. . ' ' F'\11 'r t :in';)l' !. ll!dlml)~.'ll/1'.1~( lid ':'\q\ ~'1\ l~ tNll l~i;;,S1 lJ B~l bhff i P;. 
· n. ,, ,,, lm:J't'i t p~f.'t!Jh"clWBPR~n!I;\#hro'dV 'tlte!' •'USer''>i§ tle'qu'iratMdl.enter additional data. This 

''i, .... ur. 1 ' 1 ' 1l'· '·''-lHPt~1Wa§ ' ~'e'v.fbrffl'€i:Pl) u e1e'Cltih!tth'e•WBP,Rt>Vatiobles button from the Bridge 
.. I·' 1 Modelinlf'Approacli' editor:· rliiii1ictivatea the WSPRO Data Editor, as 

'shoWi\lirl: fligWre11 ':P1 1.n Mo~ af1 tb'e ldlit1ilentere~'btl'this editor is used to 
•. ·illi11W .tl• 'l "tv. nu tttiefe"ffiiifi~ · ~~ !@t1effitle'n 101-D:is'Otf~e:'J futntht;j ~WSPRO method. The 
. .l D<i;l'-l ' .,.'fl' l '"~ Jl\."). '811'0WI"n dl~en 'h)'rriClUt11 'e:9Jth'e W~~\9-lt!A@'fltl':atwas entered for this 

W J ~~-4t~tril>l1W PH!l ~, ~!1 sl'~!~i'U t'!~'1-"e'lrertS'd1 i'Ch1i~~f 6'~f:'th~! User's Manual and to 
Jhi · .il "' 'i : . i~l-1 ' '<Dlia)ht ,irpttf'tHWii9tt'Hi1Hic iR~:fetiij'fitte <Mari<&«fior-a more detailed 
.. ii'l>u~r;~1 !f t.'i h! · lc){~ ffi~·omar~PRD! ~lli&.i t'iJ« 1~~1i\J ~at1M1t)t " ·l''' 

.. It' 'l i1 '~1 l JI;> , f!l' ' ,IJ~;i.~ll.itfP~\fiJfJ'\#(dJt0'l lll)lri''~.' l~~:'{ t j \J; ;}U l), , "~ ii' iil>,l 

· '' ,-,. • · ··',"i Af'th'~%p 6rt:He edltbF,t!as' shdwrl' ih FiguH:!19'3.i '1; the value of341 feet was 
entered for the left and right elevations oftlie top of the embankments. The 

"·",. "lh >tl l eiev~t1onSlf&NH!:!'toe'<!>ift1il;l abu'tm'e'rtts·· · t#e~eTirered as 323.6 and 330.5, for 
· · 't · '\ ,; I · ' 1'iilt1tfn!l l (lft' 2i:'i\ '1~tn~l\'tll5utfi\eiit ,hr.~pe'ijljli eJJy.u N X't,l'i:he abutment type was 

. 'il ' J,s;el1eetlhgt'a's tj)jJellJ~ 1 s'l'OptngtJbuwnents an'd'S/('Jping embankments. The 
·· 'li :1.n lf\ief~ge ~ st'b~e Mftli~ {a(IDiltthents Was' entered 'as· 1 (horizontal to 1 vertical) and 

· . l ' L : :"·~~~Ui' 'P.Ji1.d~b~b.N.tlJ~....:~.ID_IQJirlkiii€lr1f:~1PMte're~'as• 3l_feet. All ofthese values 
.. : ll ' .n,t! ~ ::> W~t~\b'l)fuffied~l ill~ 'USG ~H't :.W I:J-. ,Y,:if.:Lif' {}V\1 I 

; ,._: ;:...:~t ll:\
1 ~· ~ ;I f'li.)\..-. il' l t ':~'U P .1 :-! l~.JJ il~ ..J'I.)h \ ',J .. I I .".UU : .. , . ," 

•· t ·~ !d; ~~~~;th .. h.J,! ;):--:puw ~)dl'.f7': : p~:t' 1 \itH·, .... \ 1.• :. t 13-15 
· , .. ~ . \' ' ,~,;"' '\l 'f ! fl )l!l:iflq u tn:'\ "UP· \\•''· ~~~~::' · ,,, •II ·,, .; . 1· ~ 

.. ~ .! l ,· ~""H tH ., ,"J f ,l'tl lt ~· :1~.: tr}l"\t ~'•itiJ."' lU .~t.1l~,1J'_!i ·~ : !1"'1 \ .. ' 

·,. ,t)tn .. -, ' "" ~"~ 1 .){' tl' ,)[!f \\·( ;1t. :...... \ ~r , 1,, ; ~ "' !11' ,_ - ) . 
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Figure 13~11 WSJ>RQData Editor 

'' ' 
t• 

The bt>ft<!H'rr''P""0rtion of the e'ditor is diviciei:iVirl'tCY-lfoatJ~etrt!il'Yhs. The first 
seGtiondsrt@:desg,r~he' t.he-.J Wcbp-g,uk!1ai/&(Q.lib~he.cab:Jttmen.ts-.nF or this example, 
there.were no wing walls pres.ent. Ifwifi,g,·w~l~s .. · ere pr~s~nt, the user can 
selecti eitlter "An~llilir1:. o -lf'R'dOWa cl," bJJtfe~~ '§ifi•g:•1fhe·l{l0wfi~ra:~acent 
to this field. Then, the app~opriate data wquld be'entered. for the ru.:gi~-: length 
and radius fields, pertaining to the type of wing 'wali s~lect~d. '· · 

l. . • • .... t 11, .•.. 

__ J • -

The secono sectibn is to de~ctibe the', Gii14e 'B~nks. F6rthis example, there 
\JV@~81 h:cr~tR'if~ Baik.·r.a1rogtl-i'2f~~anks -~~<tnh~ t: s ~ ~· h ·~ o · o , e .. '~St ;aight" 

· "Tl'>l- r-- :;;nh S~rJ;nn . ' , r'~rR ctY\" ~~~~~~Cib~1s !Bt\ ,. ,P~.J~fi ' '-'· ._.r E,: 
o~.~~~~~f8Ici()~F. ~o de.scnbe the ty~e anQ,- 1~ c;P&~&r ,~~''t;.. tV!A ft(Q~.E tfl,~.e rn'>•r .. 
app[gRfJ~!e.JStl4~~nsions of !ength,, off~tuli!fld/~~~W ~.,ble~ io corwute Cd 

· ,.. ::'::,;rn 1n~1de f8LI1 
The,th~~9r @.9.-~iR ;Ji ·: the bottom of the ed itor is Optiona{,J;,P,l!ltraction and 
Expansion Losses. The WSPRO method includ~s fricti on ·Iosses throughout 
·- ·1:-,n Clt· f1t~ t o~ r)f P.,f tf.att =-mf-,~r·i ""~''u:w,f; .. ' l-.. t;•J ,. ~# , •• 

. ~ . -:..:._...:..:.tt_......,__~, '- • ·-· ,....,.,J •.• . Ll . ~ .... ··t•••--.- ... _;.,..,. ~ ~--t- ~ ..... _ ..... :;-,; .. ~ . h - ;t .... ~o.•,..' 
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Example 13 BogUe Chitto- Single Bridge CWSPRO) 
'. ·' 

I, ~ 

the bridge region for the calculations~· However, the only contraction or 
expansion Joss that is included is an expansion Joss from the exit section 

"'(cross· section 52.29) to the cross section immediately downstream from the 
' bridge (52 ~ 36). The user can include additional losses at the approach section 
·(52.46):·at the guide banks, at the upstream outside contracted section 
(52.38'); 'at the inside bridge upstream section (52.37 BU), and at the inside 
bridg'e.downstream section (52.37 BD). For this example, there were no 
additional energy losses selected. · 

•• ~ i '· 

Th'~· final section of the editor is used ' to select options for the piers and 
;;:···· 

1 ~ : : ·!friction ·slope m~thod. If the piers a~e continuous, then the user should select 
I'\'.'~' ·' .. : '''FierS''are' 'cor.ztin~ousfor the width of)M~briag~ . JThis selection will 

·~·~· .:.. determine a weighting factor in th.e . ~etermjqation of the "Coefficient ofQ" 
· 3ischarge fa'ctor. Finally, the WSP~O m~th~d tr'ad'itionally utilizes the 
geometric mean equation to determine the representative friction slope 
between two cross sections. If the Use Geometric Mean as Friction Slope 
Method is selected, then the program will use tQis method . If it is not 
selected, then the program will use the friction slope averaging method that 
has been selected by the user. (This i~· selected in the Steady Flow Analysis 
window by choosing Options, Friction Slope Methods, and then the 
appropriate choice. The default mefhod is Average Conveyance. The user is 
referreq tq Chapter .7. of the User's M,a~u~l and !o Chapter 2 of the 
Hydraulic Reference Manual for more1information on friction slope 

• ' •• .1 methods.) · . , .. 

This completed the entry of the data for the WSPRO method as the low flow 
· · · "' method·· ~,TrJJe,OK button at the bottem:oNh.Medltor was selected to exit the 

"!~·---.. ~1 u,;~:.- ~<~<-~~~~?~~~ ~~x~~t?e high f1ow •method,'~~3t~.-~,~~i?i~~;Rn ' the Bridge Modeling 
1 A.pp~oacli cEtli:tor. " ' • - '!~''"' ·'. ' 

,w,. "'' • ; , •· I'·' ·• .. ·"f!~ j f''<t' •J0!,.'0''HclO· II? D· 
,., V.f/,' 1~/ , 71 ' • llt \j - • 

,, I , lligh.l~~Iow;~~t~,o.d.s. H,igh flow·s. occ~ r ~hen the water surface elevation 
, . 1'::,.•0 upstream 10f\the:bt-idge is greater tharo th~ -highest point on the low cord of the 

':,,;iltll' .,._ · .,, P0.UpstrearrPside,oiltl'ie -bridge. ·Referring to 'Figure 13 .10, the two alternatives 
_~~l~tti .. _n\ '·~~ <·~ .. w.•t.',,,Hfer~.t~u~~Pfglgr;,am to ·eompute the w~at~r, surface(eleyations during the high flows 

1 
•• ' u:-> ·;.l•are:""limel?fJ-1-'@nfy (Standard Step) o'r1Pressure and/or Weir Flow. The Energy 

'" ·p" · 11 :1 •• ··• @nJ.y;(Btr.mdw-d,Step)·method regar.<liSJtt.leJ1owtas open channel flow and 
·" •• ,, consideliS{the.bridge as an obstruction t0 .• the Jlow, The Pressure Flow 

computatio11s, ar~, div.ided ,into two S<?enru.:ios. T y first is when only the 
II !!I'll~!·· Upstfeam.-sTde of;h:,bridge dec~ :i1 In:'c(btaot. {~l(ih''the Water and the SeCOnd iS 

. ·k~t· 1 1"'•~ · ""'~".li•-'··i ,)¥~ ,11h,eili.r,i,ttge:.e'Onstri_9tion is • fiGV¥i9.g;:'9,PI1JP.)~t~Jy full. The program will 
' ' · ~1 .t;;1i~W"::\ll) \',lll'J(:.beg;(n?.~O' ~R1cuJat~l eithertype · ofp(e SUfe, f.I<DW . en the COmputed ]OW flow 

.. •• ,-·--:··· .. · ,., ••• 1 • -·"'···- .• ~.-· ... y • ,._ ... ;t J·~;U~....::l.,J-,.,lJ i": u~;...j. 

',- ~,. ·;:,,;:,._;, .~ ~;, 7en.$~·.~ad~Jiile •is· greatefl tha~ f~.;~~~~!i~~~S,!-Pb int of_ the upstr~am low cord. 
• • 1 .. )~ 1f'eil"F./ow toccurs when the ups re~ enikgy grade lme elevatiOn (as a default 

. , : ·setting)1exc-eed's1th'e' lowest point Of 'tile. upstream high cord. 
I ~ \ r • : •'"" "' ...: ; ! ·- ~ f ,. • .., f t I '\. # 

. ,,., 
.... For.this example, the high flow method . .was))elected as energy. From the 

' J, ' 

' · data· 0rt the USGS Atlas; the observed' 'water surface elevations did not 
encounter the bridge deck, so therefore a high flow method of analysis was 
not anticipated. The user is referred to "Example 2 - Beaver Creek" for a 
bridge analysis that applied 'a high flow method. . 

' .. \• 

• ·'t.t• '""''...._ ... • 4 •'l!·~o;• .... rr ... ~u;."'lt\1'" f'i~"•'i'.H~r . :r !t"~ ""fd"""": }!i'-r:• ...... s, 13-17 
''•· ' 1;;· 1 ·1 • "''' N 'ILlll"'"v..',,. ·'Jtjj·.<o;.l· ~:1~"'· ':'-!:" · '1 c'.·•· 

,. H:.ti. hJ .. H 1 '-,.l .......... tiJ d'llj,)IJI ;)(Ul' .. l~. 4'4\11 H '._\i~· \\ 1! 1 1 I'. \ 

,, ,, '· ... ' ,. 
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. . 
At this point, all of, the bridge d,ata have.pey!J.l nt,e,rY.~· 1JI'!y ,QKJ i>!-\ttOnr,wiis 
selected to clo.se, t~e. :Itri~~~ Mo,~eliug.AnRrw•.{\~ ~djtgr: and the Apply 
Data button was d~pr~ssed_ on the ~~!dg~/Cul~~rt ~~ta_ ~(lttor before it was 
closed. TheQ,_ihe geometry data was··saved as' the file "Briage Crossing near 
Johnston Station",.,by selec):ing;File,and then ,Sa);e Geometry Data As ... from 
the Geometr;!c ]_)at~ Edi!ot.· .-:. , 

. . 
As a final geometric compone_nt, a picture~ofth-~ bridg~ has been included as 
a separate file . The red square on the river system schematic indicates that a 
picture has been addyp for that cross section. This picture was scanned from 
the USGS Atlas and s~ved as the file "chit.biTJ.p." T:o vjew this pictur~, the 
user can se.Iectth~ View Picture icon from the left .side ofthe Geometric 
Data Editor. When.river station 52.37 is selected ~ the. picture should appear. 
The user is referr~<;f to Chapter 6 of the User's Manual for a discussion on 
adding and viewing pictures to tbe river system schematic. 

Steady Flow Data - .\. 

13-18 

From the main pr<;>gram window, ~el~<rt ~~Jt andt,thep Steady Flow Data. 
This will PAsP;_li~~.,th~~$ea_dy• FIO,w~Data •Edito!,!Slw.d~I!i~.~ -fjgure 13 .12. For 
this analysis ~r ~~he -[~ach- of J.aogue Chit_!?,· t:'J~· W,<?fi_les ~<f~e .~electeq_ to be 
computed .. The flow .d~ta were entered. fo r- nve~ statt@1i1 :6<5.97i(the. upstream 
cross section) and.the .flow values wer~ •2S QOOi<!m'd S.~.Sbb ofs. These. flows 
will be consjd~red co~tinuous tthr9ug~out t~1e ~eaeh . ..so n@. flow change 
locations were used:'·A dditionally, the default profiles names of"PF#l and 
" RE1!2.Yi.wene r¢~ to " 5 O..~.r~:.an.cL5lQQLyn,&l;esp.e.eti.v..ecy__J.his .. was. __ _ 
performed by .selecting' Edit Profile Names .fni)m t•h'e.Options menu, and then 
typing in the new title. ' .-.4 

... , •• ~ 
1i• !'•lll ll L ,1 1i 01 rh..: f)l'i.d!ll: £1U\ fl i ra\ e ht:!Gil Ulltered. i he JJ ,L) t11[( 111 '-'"h 

Next; Ltl\~ lb6illi'CMo/cYiitllHf> '!lw ' , ~IeihMtl iBYt.s81J~m~.rtfi'l61 <R~a:C·h\ p pI: 
BB uhB'Iib' 1C6'ilai1ib'fiS~btthBH. tln} ~~~Mflt dHN'tfi~ild~,JY~&~~·::iir 'Figure·, 
13 .IS'! F~~tffi:is l~xJt'nl'j)lW,t!D~HBBr,il'i ~I~afybt1> ~~i8fftffiifi!e'ci. C TW~HWore, a 
downSt'rerui:N>eunJnn-£ • Sn8it4'ofilWi's ¥b~~!fe ·lf0ftfa.8H1fl8W ·hi :. 'Fhe· ~~e · 
ofb'duftd'aij~"~ JtfiH6n'1 ' e~ kn0wn witeV sw:.face, ~levations, therefore, Set 
boundary for o;;e profile at a time was selected. With. this selection, the table 
in th~ 'Ce~tr-aPtJm-f:i&ll6H'fu)61 'e'd'i~or1exp!iH<fe'd t8\ru~¥' ~ 1 to~~ brie 1fo't ·each 
of the ' 'tWO B b·fi ~~ ~· 'Fftlert 1tH~:m(lJ :e' arr6\\V~W~la66lf '0\lei'-the 1d'ownstream 
field. f 6t'prcH1le 'ohe-:and lt11e 1 b~X:-Wa~ s&1·el:lt8d (h ~ghll~11H!I:I)~\ The ·Kri'own 
w .s. btittoit W'as''Chos'ehqfutl"tHth iabi enlfry lf:JB:k' ·apj earei:l 'th~t 'reqifested t1\e 
water 'surfa\)G'el~a tb'ii' f<!lt '&l! 1ru~t~t6fllB! t}\e alitei f 3'2S.!¥ fui!FWaS" 
elitere'd~&1ltrth~~ro'beltlire"i%~e~1at~di fo~t6 iWopwrurea Yto' hiWater 
s urfac'e' o:f-3'2'6 .. 1f 1Iebi~ ftes~ 'Vi:&ure~ ~r'd ~Hta'in"t!cf lff&n'l lfWe 'U~GS "A tras·. The 
o:K i&ut<tafi Was'~~iMt:~<ittlf~ 1t tll1<e rH~I:lhi:t:aWc'OiiBiffiffn~ ~~ditor. 

, _ ·na~<·, pr•Jg r,un \\ :lluu\\ . :-ckl'L Kdit an<J lhcfl Sttad) Flrn.,· !;:tf ' 

·, ',i! di:,play the St~.:adv Flo·w D a ta .F,di1(H.- ·Sb0\'-' 1) m Figure I~ ·­

-·:w l y·, t :~ , 111 llrl! reach 11!' n,\~ ll ~ (hit to. Is, t1 rrnlilc~ wcr·c :-.c l ccl~.;t, l<' ··.: 

· ill1.'d riK tim\ o~;n~; \' ..:r~.: v111crcd f<li nv~::r S'IHll<lll 56.97 (the tlpstrc; •t •· 

,·.·ci!On\ and the i'lm~ ';l lt tc'. \\er,· ::::1000 ::~nrl i.l)O() ..:Is The<>c il<··. 
" • >11:-. Hkr..:,t C\1;l111l'l"''" thrn twho1.11 !he rcaclr "'·' 11 •1 11<'"· ,;il;Jn: 
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Examnle 13 Bog:ue Chitto - Single Bridge Q;YS!j~QI 

I I 

refer ~9J QJ}~pt [ f',,~(th~, JJs~r;&'M,~~"~~' W,d i~ll;l~JRY(jli ~ .of,,t,h1e ~ydraulic 
Reference ManuaL . , . 

l .. ... d. . .. lj, il ''· . '• ' 

1 ' ' 1,\ ·~ I i ' I • ! ~; ·.. J( i'i f ' ' 

A final optional component of the steady flow data was to enter the observed 
water surface elevation data from the USGS Atlas. This was performed by 
selecting Options and then Observed WS ... from the Steady Flow Data 
Editor. This activated the Observed Water Surface Data Editor, as shown 
in Figure 13 .14. The River was selected as "Bogue Chitto" and the Reach 
was "Johnston Sta:" The observed values were entered for each of the two 
profiles, adjacent to tbe river stations· that observed <data was:availab le for, as 
shown in Figure 13.14. The OK buttonwas'then sJlected·to exit the editor. 

' ti. f~i nt~L-L-1.;.:..-r-... 
Figure 13.14 Observed Water Surfac~ Elevations .. 

·,c 1\ , 1\,q•tll . u1 1.111.. , ., ~_., ;, 1' nsnu;H dill'' 11r-p ..:• .• , I ill i 1' un;;· 1 

This''d()Ft!t:>lete'cl the entry for the steady flo\¥ dfl.ta. The Apply Data button 
was selected., on the Ste~dy Flqw Data ~djtor.,a.lffli'FP~ 1flow: data was then 
sa-ved' as •''60 'and- 1' 00 'yeat' flows· .~' · · · · · ·•<~•·' 1 ,, • •. llll !L · · • .,, 

~~ ' .... , ·. i ,), 1.• • ,, I I 

•;~.-;:u.l:- {!plio :-. dll\• "'~·· 'lh~•·nul \ -~ ... ;c,m lilt. "l•cao~ ••lo,... ,,,_ 

Steady Flow Ahaly"sis .~ --·: .... ).,, , ! ,. ,.,. \\ ,,;\. , . u,-r.\(( n:1t·· l· ~~~~<!' • 

' I l ,\ "-' 1 i..-,. ·_tl·' !H1 II d t,} ) ' 
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From, ~e1rn~·q, p,r<?,g~~ 1~indo1w.~ ~Rleqt~!-\R-,~;-:t\100 §t.~~<!Y.1no~ Analysis. 
This witJ ayffi ~te the .~teacfyrFlo~, .Apfllysj.s ·~~~~~~:~S1pl}9~ · if\ - fig~~Y" 
13.15. First, the geometry file and steady flow file that were previGusly 
developed should ~ppeared in the selection boxes on the r.ight side of the 
window.._T.hen;.for :this simulation, fl.:subcritical flow analys is was selected . 
A<li'cHt-lefl~n3', from the S't~ady Flow Analysis windurw, .OpfflnlscfrW:I-' then 
,C 'Jj{i~.!J!~th @utput Op~~90.. rw-as.~~lpet~d. Aa . !x~'M~arp}~eed·':besd~Jhe 
option for~Gritical, Always..Calculated.u.TJlist mayu~leq1iif.e additional ... 

, computation~· e .dw:ing.program executi9n, buLthen .the-user cfn-view .the 

l 
Rrl1;tcal-~ept ~ci~r-iqg-tne- f¥Le.w-Gf.tnd~~~f.Gt-. lf~~r-Gss-sections. ~ 

1 ·s '·~ '":..C~o t' ,lnh' t t'B ~(., ~·b. 7 :t-th .~ ... 8-~1.. k ,.1 ,:k."T". 1 ft f ,-; ~~~~!'~ ton;~~~iQr,~-\!~ens~~·'· ft. e~~~'<2~1eo -mj 5. ~ - lq' onto 

1 ~~~5!v~~~~~ta bt~'~~~~f&!~~~~~l~!~~ .~~ .P.r:~~~~m to · ~he~k all of 
.- ;ue Ch1tto Juh1 tslor~ . I" ·~ t-. __j .... 0.. .-. 

· ;:.:: _ _r~·, rtrc· J.t:'r~2~;;_,,~·=·':. ____ j~~ zr _____ =-_ __j :::;-, I 
.. - ~ .... ,") I (t t···· f I . I.. :-- .' I . :1;:, 
--··-·- - --···--· -
.~ hal. • i,.:t·', , ..... =· ..,, • .· 
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•' ,,,, )t 3 l ~~ 1~ft~.~-~ Ht.•UJ.J~l.£xdmpl~c13JB.o.g:ue:.IJhitto- Single Bridge (WSPRO) 

"I ' J • I' 
Jd ·-t ·t~l '! .1 •r '\f.f !\U ,::.•J0.41H:.• .. JL !'i~-::.la!.J-l...:•!.U-=:. ~L.-~~~ t:J.t.f!- t-'!J~-S,if.J,.U.j.. .,;..4-f '. 

- . • ' l .. , 

, ,dq.:.~ ... .. , ... 4.~~ 1(tjJ .t17f~ )~t;-;tTrl·-..,-: ~··~ r-~ I - ·.~ .. tltft-'·. -!· :TJ ~"'r. ....... 

" .. ~ ,._., · ~·· the.input,data,to ensure·that all per;tinen.~ ,info_rrnation was entered . ext, a 
•• , T IJ«Utnrllmll :SnOl(f:fiJ?uWati •,en~eiied ~a y'WSp170 P._~l\n" l'!fl§iJheJil-!h~. OptiOnS Were SaVed aS a 

·-:'·~u•:n{b.!'r"'""'-"!rr•"JJ••~Ialil~.eutitle,cl:.~~S.l?RO BFidg~ Anal~sj~. i~n !tm~- 1~ 100MPUTE was selected 
M•:r•J)'t.'th"'~i ,at,tbe,bottOHh¢ •tfue ,window. )1 ~ II! ,,,; ri!•li:LJ.fi<.'<~•:, 

ir~ - ...... ,.•r .. _ 

Figure 13.15 Steady Flow Analysis Window 

Review of Output 

'' . ,·_.After the progranr ha· compl-eted-the cin-aly-si , ,the last line should read 
·'11

L ' ~-·' '';' '-'
1 ue.~~~: in1§1\g2P'Stb1iti~:Ma s1\\1-llik tdt('~:•~r&klti+W,eNt .button at the bottom of 

'' 'l"-'-'i·.~·· .!·~, ~:t1lt~Wrrt'ci'o11w" o c15~e'\ :>THis e 1t5$vl;iftnil~6u-t{;·u ;· i..ll: include discussions on 
~ 'iUillF'·r \.- ·'!rrr:?..ltM~~~tffcllieprofm~s t, p ofile I . mm'ary~Te~-;-a:fio ,detailed output tables. 
",-., · ,,.,.., r"">ll tl! unqJ:plq·w;r ·n-:PY:> fll(' ·•''l''-'lfDUtl :')1.011 1.!C.'I!P.1n'J .• 

• r ·, ::u-:~ 1:au~·11:t ~~}\l ~. aJ;!\ijlfliJW.l 1~'fiiffa~~ , foli)Ef ! , . r:mH.t~::ra£· !:J( \ • 

~-:"! l"-T11b.,\Di'Vfl~n,.l'1UJ~'J.~~~t~! '1JG _m1,:Jl'-~L'-'11?W 1U I~ l!( \l>!.l1H1 \ll'il' /flci'CJ •t•"f1. .. h_.;j , 

. , ~~0~,,~.::~~~-- ,4~
1

uf~R'in:ih~1m~~~J?!9g' '~Wl~~ln~~~- ; ~~l&'~frYt~~1~~~;trten water surface 
H! 1 •. , 1: .... ·~ ·, 1 ,.fr::? •(~~JW~: ~Jli.J~~qll,v~t~ t~~-X"~f ,r 11~f~~C~1 Wofile plot as shown in Figure 
· · n'~''-'~ :a .... -", ,;:1"' ~H1 g>. ., 1 f\~ s~~~J1 !.~\ft?g'u1~r· ·1 ~:]._,t t?-H. ~ tl1e, s~~ond profi_le was s_elected to be 
., ,f"','• • •. li~,,_;r, -·~~~ ~_~F ~~~d.j9, -cJnr1tY. ·\~ ~ ~1~~~ ~c? 1 mRJ:~,Q~~_,l?Y.. ~electmg Optwns, Profiles, 
.,1 .. ,,ot.l" \r/v.. ~ ! flflfVJl.t;. · P 9/li~~ir ... g~!N??alJ i}i \ 1YJ1;1a!J1~~,of fV ater Surface, Energy 

, Grade Line~,C.ritical Depth; an'd 'Ob$erved,'Wpter Surface were selected to be 

.. ~ 

· " ' . displayed~ by·selecting Options and ,then Variables. The user can select 
" .~ •.•.. additional p.r.ef!Jes, variali>les·;;and th'e ,zo0tli •featl:lre under the Options menu 

I)· "'·whenN•iewingJhe.preftle,plot in .the progrgm. "Jr , ... , . 

. ' - .,. \ ''I 

· ,. Figure -13) 16 displays a ·solid !line 1f~r thew..~ater. surface profile and a '\/for the 
· 11 :H \' '='"').:l;1l, 1 ai:J~ew · ~ 'diatti;l a:s ~hoWn tin the1J·egend. ll'l1he'water surface agrees well with 
·r· ·;;.:· · 1' -:·:--, tlit:h~~~~f\l~d' tiata'.1 Addi'tionally; •it oan!be..se(mithat the profile occurred in the 

1 • • subctillioal'>flow•oogime!• :rhis erosures th~tt for the. l.ow flow analysis, Class A 
r. :low flow (suboritical flow) was occurring through the bridge. (This also 
! I • occur're'Cf foi'tl'i(ffi'rst profile•.') •'•To ;further'review the output, the profile tables 
' will'be'discussea n'ext. ..• 'j rtr.:·tr '''"7" ..._,_ 
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Figure 13.16 Water Surface P rofile #2 for Bogue. Chitto 

Profile Tables 

Jhe:pfR(~e· t@Jes~ ar-ij· . f1:1~9, i~ay ~ --,d W;{9r &~ e. · ~ ta.tk,ons 
s1m'ultal edu

1SI'V. "Otfe e 'Or r6 Ile fable. the fa'na· ( d . aore· I i ure ~ 1: 1'~~.~f~1~R 8iW6 gJH mPe?t~y~gmbth ~f?oC9tWffi ~~ . iXtp o~~?g g 
window View; Pr6i:f.~S':tih1 . rfTable; aiili 'fhed 'std. 1T~bles~ ari~ \ ' 
Standard T~hle 1. This table djsplays the*ate s~ rf: te'e l civ"atid~ 'i1f ( 

-4. ! .. ...... ' r ' ' "I ·I \ 

energy gr~de_ line eleyation (among other~ ariables) fo al1' the c.r.oss se·ctions, 
and can be us.ed to compare the calculated values to tlie observea ·water 
surface elevations. By ..selecting Options.and Define Table, the aaditional 
column heading of"Obs WS" can be inserted prior to the "W.S. Elev." 
column. With these values displayed on the table, tJ-te-user can easily · 
compare the observed to the calculated val~e.s T • 
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-:-- ·-.···\t~-:··~r.n-I;T\t·,, 

Figure.13.17 Standard Profile Table 1 

• ,. ' • ~ 1 

Another type of profile table is the Bridge Only table. This table is activated 
from the Std. Tables menu and is shown in Figure 13.18, display ing the 
results for both profiles. The first row is for the first profile and the second 

.,.:-,,. ~ r6'w·i·; · for 'tb'tsecond profile. ·The ' r~sults irt the table show the calculated 
values of the energy grade line at the cross section immediately upstream 
frqm,the · ~rj ,dg~ ~0 U~) ar~ '339.85 a.~d 33?.19 feet for the first and second 

1 ·, • ... profiles,. r~sp,e(fti .~ly . The column headirg; ¥ i'! El Prs shows a value of 
• , , . 340.?-q, ~):lich i? .the highest elevati~n· of~he . !ow cord on the upstream side . 

If the e.nergy grade line value ~a~ exceed.ed"this elevation, then pressure flow 
would .have be.eo calculated. The Mtr Top Rd column shows the minimum 
elevation of the high cord on the upstream,side. If the energy grade line had 
exceeded this value, then weir flow would have been calculated. Since the 
energy grade"li rte-'for either profile' dhlndt xcee('hhe low cord elevation, 

•·:''r1-esstN~f13w, bor' weir flow ae.Velope tt. 'l'fh'is is ·also apparent since there are 
" 'i\ .. :'u n'<H~Io~s':l1Ptl1'~' p?~ssu[e onTywaterlsu'ffa e1Prs·O WS) or the weir flow (Q 

·; ,. '
1!n: We1~16bHiHfrl :m:rHb u~er' j's r 'felf.ed ' 'O: ... "E'xamp1e_2_: Beaver Creek" for an 

. ··. ·:. ~~ -,, ·.-.·~,o-l .. ,.,examp1g\Vhele 'pre~sure ' ancf'Wel'ffll 6' D'ccurretr· · 
. ,•,fip\.~ ~;~n :Jq ,, r;.t t'l<rq~ 1 ~::~;lClfJ. f'·t~"l·t~<~. ::> )n;trr; ',,"nq;. \.~.\ :.~ ~ .. t p;~.i~. ~.~;e· 

;n.:g• r! H ,t:\ ~r.~:.;l1.~ .l' lnS"l:"llV-·\\., q\ '.\l?.ld~ • · ,(l) l..·eJ 'IJT 1 :llvi· ·r}Il!!>ll,,·, 
.•~H.h ..... :; ··J - ·!-~.;t-r -,l ·- ! ....... \ •J·· .t -~-"' ... ~- '•~·- ~-· ... -

!I' .,_.:),,~~: 1 ·rn•; 11:1H1 !JUt" "lj l!l~ r Ct1n.ut ~~'S :1111 •.! · ~\:J I _. ~ , ... _,. 
_i"' :--.1- ""' . .J., ... ;..J..: -- ........ j"'- +-~ ;- ~ ~ C.:.,::;, ~ 1 \.,.",.~.l~;:; -f,:.. .• M.-~ ... ' •. • 

.1\'., :--t (' •d IH .111 =" · l !.tiC) tr·.,pq-. ;'>!:"1<' \ ''''" 1 ·· .,, 'l' ., ·I ~1()" 1 .;: 11 ·, ·-
' • ·:<·.o:."· ·e?/'"110 1. ·p · ~ r]t::- i •Mcir~ •tJoq~ ~ ::o~s •t.<cr· ·Je~1 :·m(isso..: : _,o~u ·i 

. f,_.i,.J ;_..' f_. _. -..~t~"" _p. ~IJilP.J~ ~ll "' "'I ( _-,l -,1. ,t,:_.; ' ~_,;_ -, _ J~ \I,Hi\-';d-.1 
, .. ~·l0; :~ ~'>1'·--::l. U .... !'10>' •"" ~·~ ... H:·tf.' ·\· ,_- '(" ~· -e··r~ 't h') ' :-'I ~ ~;M ,; t~ll. l' p··· • 

~~: :;';"' ~ 1f:"'r:~_~H r_p .,\J .J t-,_n:~l1 \l .. ~t..,. .• - _ -~~ ~rt ''\:..?U.l.\ ·-\..f~·~,} 7 
-'-,~ --· •·:\ t'' ,)I~TJ_s,llf :;-'i4f';•' ·--~l.~J.)'t!,:;,~...,. :;:~l} '*1;, 11 {~- l "..;;~ • ll ;,;..., i:7 
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Figure 13.18 Bridge Only Profile Table 

To determine the method that was used for the fmal energy grade line value at 
the bridge, the Bridge Comparison table »'as .acti;vatedrf.romthe Std. Tables 
menu, and is shown-in Figure 13 :19. 'F~e twq W'f'~pj~playrtqe results for 
each of the two flow profiles, ,in ascendittg q~dt4r.. J~e,.r!;ver,- sffttiSJn 1in the 
second column is set at 52.3 7 (the 0nly ,bridge,)pcatio,n f9r this re<;tch) . The 
sixth through ninth c0lm:nns show,the re,sults s>f- the Joyy flo;\\' mf?tbods that 
were chosen to ,be computed: Energy, Mom~ tu,rn,Xarliliell,and .WSPRO 
methods, respectively . The values of the energy grade line that the program 
used is shown in the third column. As shown in Column five, the program 
used the result from the WSPRO method, as had been selected in the Bridge 
Modeling Approach Editor. Fi nally, the fourth column shows the water 
surface elevation .that coincides with the energy elevation used by the 
pro'granf.u- 1('Not~:Tirete-were!role-sults-in"-tlnrtast-rw<Y-c-oiumrrs-for the high 
flow methods since only low flow occurred through the bridge opening.) 

..... 
The results of the WSPRO method were only slightly greater than the-results 

td T ab!F"' Li o;Pr I "'h'"' I rlr ,bon< Ho;;lr 
'-'"''''-'"'· 2 · ' -·'ofme energy:metnotl. ~Bbth the momentum and Yarn~ll methods re! urne_Q __ 

valid results since the water surface did not encounter the low co' di.tif.:!t ·"'·.:irE ~ 
• "1 . • - 1· • - --~-- .... -·- ................ - ---- ... . -·- ---~ ·r ·-

.. ~:~:::~ _ __j..:!!.::.'"r S!'.l I_Ede~~-Jlhe U!Ser;aanlil!!:l ustr- e·. m uts anafuete; · ,lof:th&.iWIS _gr..,me.!]{<li'dit0r:c; 1 

... ·-· _ _; ·---==LsL~tei'I!line tb'~~gnifi@tice gf th'f'l ,Y.f!lt!es;:OO ~ Q..u_tJitil suQ] .M'jl'Q.Jl~_QBhe · 
- r, ··.' 

1 abUtrllents :afidCthe inclusiOn of wing w'a:J~: a , guide barikS: 
··. 1 :s . .. •. . ... w , .... ,. 

!ffi! Prome Output Table - Bridge Comparison . . . · . . ~'-"fi~~~ ~ 
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Example 13 Bogue Chitto - Single Bridge (WSPRO) 

The final profile tab le that will be discussed is the Six XS Bridge table, 
which is also selected from the Std. Tables menu. This table is shown in 
Figure 13 .20, for profile 2. This table is specifically designed to show the 
data for the six cross sections that are used in the hydraulic computations 
through the bridge. The water surface and energy grade line values are 
shown in the first two columns of data, and are used to determine the water 
surface profile through the bridge. The C&E Loss column of the table shows 
the contraction or expansion losses. As shown in the figure, the only river 
station (within the six bridge cross sections) that had an expansion or 
contraction loss was river station 52.36 (to river station 52.29). This is 
because the WSPRO method, by default, only includes an expansion loss 
between the exit section and the cross section immediately downstream from 
the bridge. The user can include additional contraction/expansion losses by 
selecting the losses on the WSPRO Data Editor. For this example, no 
additional energy losses were selected, so no additional contraction or 
expansion losses appeared on the table. 

Figure 13.20 Six XS Bridge Table for Profile 2 

Detailed Output Tables 

In addition to the profile tables, the user can view detailed output tables, 
which provide information at each specific cross-sections. A type of detailed 
output table that displays results for the bridge is shown in F igure 13 .2 1. This 
table was activated from the main program window by selecting View, 
Detailed Output Table, then Type and Bridge. The River and Reach were 
selected as "Bogue Chitto" and "Johnston Sta.", and the river station was 
52.37 (the only river station that had a bridge) . The Profile was selected as 
"2" and the Opening was "Bridge # 1" (the only opening at this cross section). 
The table shows data for the cross sections inside the bridge, as well as the 
cross section just upstream from the bridge. As the user selects the different 
table fields, the description for the variables wi ll appear at the bottom of the 
table. At the bottom of the left side of the table, the field Br Sel Mthd shows 
that the "WSPRO" results were used for the bride analysis. Additionally, the 
Coef of Q field shows that the WSPRO coefficient of Q value was calculated 
as 0.72 for the second profile. 
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'· .... 
~~· .. 

S Bridge Output . -~. :;~~liJ 
· Eile Iype Qptlons l:!elp 

: River: I Bogue Chitto 

' . 

jwsPRO Bridge 

Plan: WSPRO Brid e Bo ue Chitto Johnston Sta AS: 52.37 Profile: 100 r 
338.19 lnside BR US Inside BR DS ....................................... 

338.07 337.79 

--~36.~ 1 336.62 
-

330.99 330.99 --
25.s8 r - ..j 

25.42 -t 6.12 6.25 - --·-
--..) 

5147.01 5042.20 - ----·- 1 
0.41 0.42 -

46474.44 45727.92 
341 .01 12.99 12.75 
340.20 

- ·---

Figure 13.21 Bridge Type Detailed Output Table 

At this time, the user can select to view the data for the first profile as well as 
viewing the cross section tables for the cross sections. This completed the 
review of the output for the cross section tables. Next, the locations of the 
cross sections in relation to the bridge were evaluated, by using the 
information presented in the various tables that were previously discussed. 

Evaluation of Cross Section Locations 

13-26 

As stated previously, the locations of the cross sections and the values 
selected for the expansion and contraction coefficients in the vicinity of the 
bridge are crucial for accurate prediction of the energy losses through the 
bridge structure. For th is example, the locations of the cross sections and the 
energy loss coefficients were evaluated for the second profi le. The following 
analysis is based on data that were developed for low flow events occurring 
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Example 13 Bogue Chitto- Single Bridge CWSPRO) 

through bridges and the modeler should use caution when applying the 
procedure for other than low flow situations. Each of the reach length and 
coefficient evaluation procedures are discussed in the following sections. 

Expansion Reach Length 

The expansion reach length, Le, is defined as the distance from the cross 
section placed immediately downstream of the bridge to the cross section 
where the flow is assumed to have fully expanded. For this example, this 
distance is from cross section 52.36 to cross-section 52.00. Initially, the 
expansion reach length was estimated using the table values presented in 
Appendix B of the Hydraulic Reference Manual. After the analysis, the 
modeler can evaluate the initial estimate ofthe expansion reach length. For 
the analysis, it is recommended to use the regression results from the Army 
Corps of Engineers study [HEC- 1995], which are summarized in the same 
Appendix B. The results ofthe study suggest the use of Equation 13- 1 to 
evaluate the expansion reach length. This equation is valid when the 
modeling situation is simi lar to the data used in the regression analysis. (In 
the document, alternative expressions are presented for other situations.) The 
equation is: 

Le = ER(Lobs ) = - 298 + 257( F52
'
36 J + 0.918 Lobs + 0.004 79 Q 

F52.oo 

where: Le 
ER 

expansion reach length, ft 
expansion ratio 

(13-1) 

F 52.36 main channel Froude number at the cross section 
immediately downstream of the bridge (cross section 
52.36 for this example) 

F52.00 main channel Froude number at the cross section of 
fully expanded flow (initially cross section 52.00 for 
this example) 

L obs average length of obstruction caused by the two 
bridge approaches, ft 

Q total discharge, ~Is 

(Note: The subscripts used in Equation 13-1 and all subsequent equations 
reflect the river station numbering for this example.) 

From the fie ld data, the average length of the obstruction is approximately 
1770 feet and the total discharge, Q, is 31500 cfs for the high flow event. 
From the initial analysis, the value of the Froude number at cross-section 
52.36 was 0.40 and at cross section 52.00 was 0.27 (as shown on Standard 
Table 1). Substituting the values into Equation 13-1 yielded that the 
expansion reach length, Le, was approximately 1874 feet. This equation has a 
standard error of 96 feet, which yields an expansion reach length range from 
1778 to 1970 feet to define the 68% confidence band. The distance used for 
the expansion reach length (the distance from cross section 52.36 to cross 
section 52.00) was set to be 1956 feet in the main channel, which is 
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approximately equal to the calculated distance of 1874 feet. Therefore, the 
expansion reach length was determined to be set appropriately. 

If the reach lengths were not acceptable, then the modeler has the option to 
adjust the length so that it is within the calculated range. Then, after a new 
analysis, the new Froude numbers should be used to calculate a new 
expansion reach length. If the geometry is not changing rapidly in this 
region, then only 1 or 2 iterations should be necessary to obtain a constant 
expansion reach length value. 

Contraction Reach Length 

The contraction reach length, Lc, is defined as the distance from the cross 
section located immediately upstream of the bridge (52.3 8) to the cross 
section that is located where the flow lines are parallel and the cross section 
exhibits fully effective flow (52.46). To evaluate this reach length, the 
regression results (shown as Equation 13-2 below) from the Army Corps of 
Engineers study [HEC-1995] was used. The equation is: 

Lc = CR(Lobs )= 263 + 38.8(F52'36 J + 257(Qob )
2

- 58.7 ( nob JO.S + 0.161 Lobs (13-2) 
Fs2oo Q nc 

where: Lc 
CR 

contraction reach length, ft 
contraction ratio 

F52.36 main channel Froude number at the cross section 
immediately downstream of the bridge (cross section 
52.36 for this example) 

F 52.00 main channel Froude number at the cross section of 
fully expanded flow (cross section 52.00 for this 
example) 

Qob discharge conveyed in the two overbanks at cross 
section 52.46, cfs 

Q total discharge, ~Is 
nob Manning n value for the overbanks at section 52.46 
nc Manning n value for the main channel at section 52.46 

From the field data and the results of the initial analysis, the Froude numbers 
at sections 52.36 and 52.00 were 0.40 and 0.27, respectively, the total over 
bank flow at cross section 52.46 was approximately 25773 cfs (15697 + 
1007 6), the total flow was 31500 cfs, the weighted n value for both of the 
overbanks was 0.13, then value for the main channel was 0.05 (from the 
Cross Section Type table), and the average length ' of the obstruction was 
1770 feet. Substitution of these values into Equation 13-2 yielded the 
contracted reach length of 685 feet. This equation has a standard error of31 
feet which results in a contraction reach length range from 716 to 654 feet to 
define the 68% confidence band. For this example, the distance from cross 
section 52.38 to cross section 52.46 was set at 380 feet along the main 
channel. An additional analysis was performed with the contraction reach 
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Summary 

Example 13 Bogue Chitto - Single Bridge (WSPRO) 

length set at 685 feet and no appreciable difference was observed in the 
results . Therefore, the contraction reach length of 3 80 feet considered as 
appropriate for this example. 

Expansion and Contraction Coefficients 

For the WSPRO method, only an expansion loss is used from the river station 
immediately downstream of the bridge (52.36) to the river station of 
expanded flow (52.29). This expansion loss, as was shown in Figure 13 .20, 
is determined from Equation 5-7 and is discussed in Chapter 5 of the 
Hydraulics Reference Manual. Additionally, the HEC-RAS WSPRO 
routine allows the modeler the option of adding additional expansion and 
contraction energy losses . These losses would be computed using the 
absolute value of the difference of the velocity heads times the appropriate 
coefficient. For this example, no additional energy losses were added . The 
user is referred to Chapter 3 of the Hydraulics Reference Manual for a 
further discussion on expansion and contraction coefficients. 

In summary, the above recommendations for the expansion and contraction 
reach lengths represent an improvement in the general methodology behind 
the prediction of these values. The modeler is recommended to apply these 
new criteria as a more substantial method for determining the required values. 
As a final note, after the initial analysis, the expansion and the contraction 

reach lengths as well as the expansion and contraction coefficients should be 
evaluated simultaneous ly. Then, adjustments should be made to the reach 
length and coefficient values before a subsequent analysis is performed . 
Finally, the new data should be used to reevaluate all of the reach lengths and 
coefficients . This procedure will ensure that the modeler is always using the 
current flow data for the analysis. 

This example demonstrated the use of the WSPRO routines in HEC-RAS to 
calculate water surface profiles along a river reach that contained a bridge 
crossing. The WSPRO routines are used for low flow analysis, and have been 
adapted to the HEC-RAS methodology of cross section locations around and 
through a bridge. The user has the options to include additional energy 
losses, as well as account for the type of abutments and the presence of wing 
walls and guide banks in the WSPRO routines. By adjusting these input 
parameters, the modeler can determine the impact on the calculated 
coefficient of discharge value and the resulting water surface profiles. 
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J 

EXAMPLE 14 

Ice-Covered River 

Purpose 

This example, which demonstrates the analysis of an ice-covered river, 
focuses on describing a river ice cover and a river ice jam in HEC-RAS. The 
water surface elevations resulting from the presence of an ice cover or an ice 
jam can then be compared to the equivalent open water case. The estimated 
ice jam thicknesses can also be compared to the measured jam thickness 1

• 

An ice cover changes the effective channel geometry. This means that 
separate geometry files must be created for the open water case, the ice cover 
case, and the ice jam case. The best approach is to create a separate plan for 
each. See Chapter 5 of the User's Manual and Example 7 of the Application 
Manual for a further discussion on working with projects and a discussion of 
the files that constitute a plan. 

The data for this example were entered in metric units. To review the data 
files for this example, select File from the main program window and then 
Open Project. Select the project labeled "Thames River Ice Jam-Example 
XX." This will open the project and activate the following files: 

Plan : 
Geometry: 
Flow: 

Plan: 
Geometry: 
Flow: 

Plan: 
Geometry: 
Flow: 

"Thames River Open Water Analysis" 
"Thames River Open Water Data" 
"Estimated Thames River Flow" 

"Thames River Ice Cover Analysis" 
"Thames River Ice Cover Data" 
"Estimated Thames River Flow" 

"Thames River Ice Jam Analysis" 
"Thames River Ice Jam Data" 
"Estimated Thames River Flow" 

1 Be1taos, S. , and W .J. Moody ( 1986) Measurements of the Configuration of a Breakup Jam. NWRJ 
Contribution 86-123. ational Water Research Institute, Canada Center for Inland Waters, Burlington, Ontario, 
Canada L7R 4A6 

14-1 



- ------------------------, 

Examole 14 Ice-Covered River 

Open Water Analysis 

14-2 

Three geometry files are created for this project, and all are based on the same 
channel geometry and channel properties. Only the ice cover description 
varies among plans . 

Open Water Geometry 

A geometry file was created that modeled the existing conditions for a reach 
of the Thames River. This reach is a natural channel where an ice jam 
occurred. To view the river system schematic, select Edit and then 
Geometric Data from the main program window. This will activate the 
Geometric Data Editor and display the river system schematic. This is a 
very simple schematic with a single straight channel. The river is the Thames 
River and it has only a single reach: Ice Jam Section. 

The river reach is defined by 22 river stations. The user can view the 
geometric data for each river station by selecting the Cross Section icon from 
the Geometric Data Editor. The data for each river station comprises X and 
Y coordinates, downstream reach lengths, Manning's n values, main channel 
bank stations, and contraction and expansion coefficients. There was no out­
of-channel flow during the ice jam event. As a result, overbank areas are not 
included. There are no structures in this section of channel. 

After all geometric data were entered, the geometry file was saved using the 
title "Thames River Open Water Data." 

Steady Flow Data 

Next, the steady flow data file was created by selecting Edit and Steady 
Flow Data from the main program window. This activated the Steady Flow 
Data Editor. The profile selected to be analyzed corresponds to the estimated 
flow during the ice jam event. The flow value of 261 cubic meters per second 
(CMS) was entered at river station 42000 (the upstream river station), and a 
known downstream water surface elevation of 177.64 meters was entered by 
selecting the Boundary Conditions icon. Next, the observed water surface 
elevations during the ice jam event were entered by selecting Options and 
then Observed WS using the Steady F low Data Editor. The observed water 
levels at nine river stations were then entered. After all steady flow data were 
entered, the steady flow file was saved using the tit le "Estimated Thames 
River Flow." 
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Open Water Plan 

After the geometric data and steady flow data were entered and saved, a plan 
entitled "Thames River Open Water Analysis" was created by first selecting 
Run and then Steady Flow Analysis from the main program window. The 
plan itself was created in the Steady Flow Analysis Window. Again, see 
Chapter 5 of the User's Manual and Example 7 of the Application Manual 
for further discussion of the files that constitute a plan. A subcritical analysis 
was chosen as the Flow Regime and then File and Save Plan As were 
selected. The title "Thames River Open Water Analysis" was entered and the 
OK button selected. The Short ID for this plan was set as "open_ water." 

After the plan was saved, the Compute button was selected to execute the 
program. Note that the calculation required only one iteration to solve the 
steady flow equations for the entire channel. 

Open Water Output 

The rather straightforward open water output will not be reviewed here. Note 
that the water surface elevations calculated assuming open water do not 
match the observed ice jam elevations at all, as would be expected. 

Ice Cover Analysis 

To analyze the case of a continuous ice cover, an ice cover with a constant 
thickness and roughness will be placed on the channel. To do this analysis, 
the geometry file was modified to reflect the presence of the ice cover. Then a 
new plan was created with the new geometry file and the original steady flow 
file. This procedure is outlined below. 

Ice Cover Geometry 

To add the ice cover, the geometry file "Thames River Open Water Data" 
was activated. At this point, the modeler has the option of entering the ice 
cover properties cross section by cross section, by selecting the Cross 
Section icon from the Geometric Data Editor, or by selecting Tables and 
then Ice Cover from the Geometric Data Editor. In this case, the Tables 
option was used. First, the Chan Ice Thickness column was highlighted by 
dragging the mouse over the entire length of the column. Then the Set Values 
icon was clicked and the value of 0.5 meters was entered. This value 
corresponds to a reasonable, end-of-winter ice thickness that results from 
thermal growth . It was not necessary to enter ice thicknesses for either 
overbank, as no overbank areas were included in this simulation. In a similar 
way, the Manning' s n value was set for the channel ice cover by entering the 
Manning n value in the Chan ice Mann n column using the Set Values icon. 
In this case a value of 0.03 was used, typical for a floating smooth ice cover. 
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After all of the ice cover data were entered, the geometry file was saved using 
the Geometric Data editor by selecting File and the Save Geometry Data As . 
The title entered was "Thames River Ice Cover Data." 

Steady Flow Data 

The steady flow analysis of the ice-covered channel will use the same flow 
data used in the open water geometry. Therefore, there were no adjustments 
made to the steady flow data in the file "Estimated Thames River Flow." 

Ice Cover Plan 

A new plan was created from the geometry file with the ice cover and the 
steady flow data file. This plan was created by first selecting Run and then 
Steady Flow Analysis from the main program window. The plan itself was 
created in the Steady Flow Analysis Window. A Short ID for this plan was 
set as "ice_covered." The geometry file "Thames River Ice Cover Data" and 
the steady flow file "Estimated Thames River Flow" were selected by using 
the down arrows on the right side of the window. A subcritical analysis was 
chosen as the Flow Regime, and then File and Save P lan As were selected. 
The title "Thames River Ice Cover Analysis" was entered and the OK button 
selected. After the plan was saved, the Compute button was selected to 
execute the program. Note that the calculation required only one iteration to 
solve the steady flow equations for the entire channel. 

Ice Cover Output 

The rather straightforward ice-covered channel output will not be reviewed 
here. It can be noted that the water surface elevations calculated by assuming 
an ice cover do not match the observed ice jam elevations at all, as would be 
expected. 
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Ice Jam Analysis 

To analyze the case of an ice jam, an ice jam simulation will be selected for 
the channel. To do this analysis, the geometry file was modified to reflect the 
presence of the ice jam. Then a new plan was created with the new geometry 
file and the original steady flow file. This procedure is outlined below. 

Ice Jam Geometry 

To add the ice jam, the geometry file "Thames River Open Water Data" was 
activated. At this point, the modeler has the option of entering the ice jam 
properties cross section by cross section, by selecting the Cross Section icon 
from the Geometr ic Data Editor, or by selecting Tables and then Ice Cover 
from the Geometric Data Editor. In this case, the Tables option was used. 
First, the Chan Ice Thickness column was highlighted by dragging the 
mouse over the entire length of the column. Then the Set Values icon was 
clicked and the thickness value of 0.5 meter was entered. In fact, HEC-RAS 
will estimate the jam thickness, but these entered values will represent the 
minimum allowable ice thickness in the jam. This thickness was selected on 
the basis of field observations, which showed that no cross section had a 
minimum thickness less than 0.5 m. This minimum jam thickness value will 
vary from river reach to river reach, and it is probably worth trying several 
minimum jam thickness values at any location . Next, it was necessary to 
indicate to HEC-RAS that this simulation should be treated as an ice jam and 
not an ice cover with fixed thickness. This is done in the Ice Jam Chan 
column of the Ice Cover Table by changing the default value of n (no) toy 
(yes) for each river station where the ice jam is thought to have occurred. 
(Note that this must be done for each river section individually, as the Set 
Values icon will not work for yes/no input.) In this case, it is not necessary to 
change the default values of n in the column Ice Jam OB, as there is no 
overbank flow. 

It is necessary to fix the ice thickness in the sections immediately upstream 
and downstream of the jam, because a cross section with known ice thickness 
is required at the upstream and downstream limits of the jam. In this case, a 
thickness of 0.5 m was set for the upstream and downstream river station of 
the Ice Jam Reach, and the value in the Ice Jam Chan column was set to n 
for these two river stations. It is important to remember that for every ice jam, 
there must be an n set in the Ice Jam Chan column immediately upstream 
and downstream of the jam. 

The nominal Manning's n value was set for the channel ice cover by entering 
the Manning n value in the Chan ice Mann n column using the Set Values 
icon . However, in this case, it is desired that HEC-RAS estimate the 
Manning' s n of the jam using the procedure outlined in the Hydraulic 
Reference Manual. It is necessary to indicate to HEC-RAS that this 
simulation should estimate the Manning's n of the ice jam and not use the 
value entered in the Chan ice Mann n column. This is done in the Fixed 
Mann n column by changing the default value ofy ton. The default value of 
y was entered for the upstream and downstream river stations of the Ice Jam 
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Reach, because these stations are considered to have a known roughness as 
well as a known thickness. 

The other parameters, which describe the ice jam material properties, such as 
the friction angle, porosity, and stress ratio, were all left at their default 
values. In most cases, it will not be necessary to modify these values from 
their default values. 

After all of the ice cover data were entered, the geometry file was saved using 
the Geometric Data editor by selecting File and the Save Geometry Data As. 
The title entered was "Thames River Ice Jam Data." 

Steady Flow Data 

The steady flow analysis of the ice jam will use the same flow data as the 
open water geometry. Therefore there were no adjustments made to the 
steady flow data in the file "Estimated Thames River Flow." 

Ice Jam Plan 

A new plan was created from the geometry file with the ice cover and the 
steady flow data fi le. This plan was created by first selecting Simulate and 
then Steady Flow Analysis from the main program window. The plan itself 
was created in the Steady Flow Analysis Window. A Short ID for this plan 
was set as " ice jam." The geometry file "Thames River Ice Jam Data" and 
the steady flow fi le "Estimated Thames River Flow" were selected by using 
the down arrows on the right side of the window. A subcritical analysis was 
chosen as the Flow Regime and then File and Save Plan As were selected. 
The title "Thames River Ice Jam Analysis" was entered and the OK button 
selected. After the plan was saved, the Compute button was selected to 
execute the program. Note that the calculation required a number of iterations 
to solve the steady flow equations and the ice jam force balance equation for 
the entire reach. The calculations iterate until the calculated jam thicknesses 
and water surface elevations converge to a constant value within the 
minimum tolerances. See the Hydraulic Reference Manual section on ice 
jam calculations for more information on the convergence criteria. 

Ice Jam Output 

The ice jam results are shown in a graphical profile plot in Figure 14.1. The 
calculated ice jam thickness along the channel, the water surface elevations, 
and the observed water surface elevations at selected cross sections are 
shown. Note that the calculated ice jam water surface elevations match the 
observed water surface elevations reasonably well. 
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Figure 14.1 Ice Jam Profile Plot 

Comparison of Open Water, Ice Cover, and Ice Jam 
Results 

To compare the output from the three plans, the user can view the results 
graphically and in tabular format In the interest of brevity, not all the 
graphical plots that are available will be illustrated here. 

Profile Plot 

At this point, the results of all three plans can be compared. The profile 
plot of the ice jam, the river ice cover, and the open water results can be 
seen in Figure 14.2 It is also possible to graphically display comparisons 
of the results in Cross Section Plots, and X-Y -Z- Perspective Plots. 
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Figure 14.2 Profile Plot displaying the ice jam, ice cover, and open water results 
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Ice Table 

In addition to graphical displays, it is possible to compare the output in 
tabular form. From the main program window, select View and then Profile 
Summary Table. By selecting Ice Cover under the Std. Tables menu, a 
table with the ice results wi ll be shown . This table includes the ice thickness 
(if any) at each river section, the calculated water surface elevations at each 
section, the cumulative ice volume in the channel and overbanks, and the 
calculated weighted Manning's n at each section. Th is table can be used to 
compare the results from each plan. An example ice table is shown in Figure 
14.3. 

f:[ Profile Output Table- Ice Cover 0 o •o;li!if~D 
1 Eile Qptions 2td. T 11bles !.J_ser T 11bles t.ocl!tions !;!elp 
! 
1 HEC·RAS Plan. iceoam R1ver: Thames River Reach: Ice Jam Section Prof1le. PFltl ~tBeiBS@!l!J~jl 
l Reac,h ~ Sla Profile WOS. Elev Ice Thick t.OB' Ice Thick• Chan Ice l hick ROlf Ice Vol TOfal lce.YoJ. · 

: lr-~~~~1,~~~~~~--~~~r~ml~~L-~rm~l~~~--~r~~~·~~rm~l~~-~(m~3~l~o--~Trm~~~· ,~~m~~ 
! : ::~:- ~:~:~~ ~r:~~~~ ~~:~ ~~~ : ~~ --ij:~r-- ---~ ___ ~: ~~ :~~~~~: ~~ :~~~~~: ~~ 

·---- 00- -· .,-- - - - - - - ------

nee Jam SectiGJn 4·1190 rPFt*l- 179094 - 0.00 1.37 0000 468004.40 468004.40 I 
il lce JamSectlbn 40690 PF#1 179.82 0000 _ 0.79 0.00 441622.30 441622.30 
'! lceJ~~mSection 40180 PF!*1 179.76 __ O. ~Q. . _ QJ5 _ Oo ~g 4J_8=~ - ___ 418370.70 
: Ice Jam Section 3.9190'· PFI*1 179066 _Q,_QQ_ __ , 0.55 _ 0.00 . 379539.10 379539.10 
· Ice Jam Section 38560 PF#1 179.63 _ 0.00 o:Sol- 0.00 362013.90 362013.90 

Ice Jam Section _37530 PF#1 179053 0000 ~ 0.00 326635.90 326635090 
• Ice Jam 5 _6670 PFI*1 ~I- __ 0000 :.__~ D.931 __ _Q~ ,__ ~698~r----- 296980050 

c~JI![Tl Secb 6320 rPF#1 179.31 0.00 Qa2f 0.00 281514.40 281514.40 
Ice Jam Sectioo 35820 PFI*1 179.26 0.00 ~0. 76 ! 0.00 259903.30 259903.30 
Ice Jam Section 35030 PF#~ 179.16 0.00 3 0.00 216655.50 216655.50j 
Ice Jam Section 34320 PF#1 178.90 ~ 6 0.00 170794.80 1707940801 

·I lceJI!mSection 33790 PFI*1 178065 1- -~ ~-=- _ _! .3.! - 0.00 138785.80 138785.80 i 
)ceJamSection 39490 PFI*1 17~_2i __ 0.00!- __ ! -~ 0.00 119784.90 119784.90 

, Ice Jam Section 33090'1: PFI*1 178.36 0.00 1.59 0.00 90792.41 90792.41 f 
fceJamSection 32740 PFI*1 178.10 0.00 1.88 0.00 61759.58 _ 617~0~~ 

11 Ice Jain Section 32550 PF*I1 177.91 0.00 1095 0.00 42203.29 42203.29 
:lliceJM\Section 32310 PF#1 177.76 0.00 --~- 1.88 -o.Oor-- 15279.36 15279.36 

lceJamSectiGJn 32280 PF*I1 1~Ul_ . 0.00 1.84 _ 0-.QO ~ 10487.54 _ 10487.54 
: Ice jam S.ection 32200 PF1t1 177.66 O.oor 1.74 0.00 5501 .94 _ ·- __ . 5501.94j 

~~Se~~3~~~~ ~~:1 ... ~)=j·>=-o ~~QO.I. -~~ _ 0)9 .. ::. ____ 9c_9Q ~-- ~;= -.~ •. -~ ~----~-==0·-~===-·.:~~~ 
II - ., - ~.- -- I 
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Figure 14.3 Tabular Ice Output Table 
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EXAMPLE 15 

Split Flow Junction with Lateral 
Weir/Spillway 

Purpose 

This example demonstrates the use ofHEC-RAS to optimize two different 
split flow problems: a lateral weir with gated spillway and a looped network. 
In both situations, the program uses an iterative procedure to compute the 
flows and energies at a given point (either the lateral weir or the upstream 
junction of the looped network). 

To perform the analysis, the user must enter the geometric data for the lateral 
weir and gates, along with the geometry of the river reach system. Then, the 
user must enter the open ing height of each gate group for each flow profile in 
the Steady Flow Edito r. Final ly, the user shou ld set the split flow 
optimization flag (to perform the iterative procedure) for the lateral weir and 
for the junction at the upstream end of the looped network. The modeler is 
referred to Chapter 6 of the User 's Manua l for discussion on entering the 
geometric data for the weir and gated spillways and junctions and multiple 
reaches, Chapter 7 of the User 's Manual for entering the gate opening flow 
data, and Chapter 8 of the Hydraulic Reference Manual for the hydraulic 
analysis procedures for analyzing the flow through the gate openings and over 
the weir. 

To review the data files for this example, from the main program window 
select F ile and then Open P roj ect. Select the project labeled "Split Flow 
Junction with Lateral Weir- Example 15." This will open the project and 
activate the following files : 

Plan: 
Geometry: 
Flow: 

"Split Flow" 
"Lateral Weir with Full Looped Network" 
"3 Flow Profiles" 

Geometric Data 

To view the geometric data for the river system, from the main program 
window select Edit and then Geometric Data. This will activate the 
Geometric Data Editor and display the river system schematic as shown in 
Figure 15 .I. The schematic displays the 24 river stations of the rivers 
"Spruce Creek" and "Bryon Creek," with river station 1278 as the upstream 
cross section and 0 as the downstream cross section. 
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Geometric Data- Lateral Weir with Full Looped Network . . , < ,'\'·::; •• l/r;!I~D 

Upper River 
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Figure 15.1 River System Schematic for Split Flow Example 

Stream Junction Data 

There are four different river reaches in the river system schematic. Spruce 
Creek is divided into three different reaches: Upper River, Middle River, and 
Lower River. Bryon Creek is the fourth reach . Bryon Creek and Middle 
River, together fo rm a closed loop between the Meadows river junction and 
the Pottsville river junction. The junction editor for the Meadows river 
junction is shown in Figure 15 .2 Meadows is the upstream junction. This is 
where the flow splits into the two different rivers. This will be discussed in 
more detail later. 
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Junction Data - Lateral Weir with Full Looped Network ,~ 

Figure 15.2 Meadows Junction 

Cross Section Data 

The cross section data consists of the X-Y coordinates, Manning's n values, 
contraction and expansion coefficients, etc. The user can view this data for 
each river station by selecting the Cross Section icon on the left side of the 
Geometric Data Editor. For this example, a lateral weir was added at river 
station 1150 and will be discussed in the next section. Figure 15.3 displays 
the reach lengths in the vicinity of the weir and was activated by selecting 
Tables and then Reach Lengths from the Geometric Data Editor. ,----dit Downstream Reach Lengths - - - "'-' 

Figure 15.3 Reach Lengths in Upper River 
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Lateral Structure 

To add a lateral weir and gated spillways, the Lateral Structure icon was 
selected from the left side of the Geometric Data Editor. This activated the 
Lateral Structure Editor as shown in Figure 15 .4. First, the river "Spruce 
Creek" and the reach "Upper River" were selected. Then, Add a Lateral 
Structure was selected from the Options menu, and river station 1 I 50 was 
entered as the location for the weir. By entering the river station, the 
upstream end of the lateral weir is automatically placed between the cross 
section with the next highest river station upstream and the next lowest river 
station downstream. The schematic will display a profile plot of the lateral 
weir and any gates. When the lateral weir is frrst added, the schematic wi ll be 
blank because the data have not yet been entered. For this example, a 
description of the weir was entered as "Lateral Weir and Spillway in Upper 
River." Underneath the description box, is the Position box. By clicking on 
the down arrow, the modeler can choose to place the lateral weir in the right 
or left overbank, or the right or left side of the channel. For this problem, the 

1 weir has been placed in the right overbank. 
' 

Position: 

Flows imtiDl 

Slolon('fO 

Figure 15.4 Lateral Weir Data Editor 
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To enter the data for the weir, the Weir/Embankment icon was selected 
from the left side of the Lateral Weir Data Editor. This activated the 
Lateral Weir/Embankment Editor as shown in Figure 15.5 . This editor is 
somewhat similar to the deck/roadway editor used for bridges and culverts. 

Lateral Weir Embankment c.:-;~ jg!J 

Weir Data========--==;, 

Distance to URstreamXS 

Weir flow reference:j~ater Surface 
90 
78 

,..-3 .=.....;;.....=-; 78 
90 
90 

Figure 15.5 Lateral Weir/Embankment Editor 

The right side of the' editor has two columns for the station and elevation data. 
These data points define the top ofthe lateral weir and they are entered in the 
upstream to the downstream direction. Similar to cross section data, the 
stationing for the data can be based on any horizontal datum. In this example, 
the weir starts at an elevation of 90 feet at an arbitrary horizontal station of 
1 00 feet. Fifty feet downstream, the weir drops to an elevation of 78 feet. 
After forty feet, it returns to an elevation of90 feet at station 190. The weir 
continues at an elevation of 90 feet until the final station of 200. 

The left side of the editor has four fields. The top field is the Distance to 
Upstream Cross Section . The upstream cross section is the first normal cross 
section immediately upstream of the lateral weir based on river stationing. 
(Between two normal river cross sections, there can be two or more lateral 
weirs.) In this example, the upstream cross section is 1188 and the upstream 
end of the lateral weir is I 0 feet from this cross section. So the Distance has 
been entered as 10 feet. The program will compute the distances to 
downstream cross sections based on where the lateral weir is located. In this 
example, the Position of the lateral weir has been specified as the right 
overbank (see above). This means that the program will use the right 
overbank reach lengths. The right overbank length (between cross sections 
1188 and II 08) is 90 feet. Therefore, the lateral weir intersects the 
downstream cross section (river station 11 08) twenty feet from the 
downstream end of the lateral weir. 

It should be noted that the lateral weir cannot cross more than eight cross 
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sections. If this happens, the user should either increase the cross section 
spacing (so that there are only eight cross sections that the weir actually 
crosses), or alternately, the user can break the lateral weir into two or more 
weirs that are physically adjacent. The latter option would generally be 
preferred. However, breaking the lateral weir into two or more weirs might 
cause the program to take longer to converge during the iterative process. 

The next field down is the Weir Width. This is width of the weir in the 
direction of flow over the weir (perpendicular to the flow in the river cross 
section). It is not used for hydraulic computations, but is used by the GUI for 
graphical purposes. In this example, it has been set to 10 feet. 

The next lower field is Weir Flow Reference. By left clicking on the down 
arrow, the modeler can toggle between "Energy Grade" and "Water Surface." · 
Based on this switch, the program will compute the flow over the weir (and 
through any gates), using either the energy grade or the water surface when 
calculating the head (i.e. the depth of flow) on the weir. In this example, 
since the lateral weir is located in the overbank, the energy method was 
selected. \ 

The bottom field is the Weir Coefficient (Ca) . It is a coefficient that is used in 
the computation of weir flow. It has been entered as 3.0. 

Finally, under Weir Crest Shape the user should select either "Broad Crested" 
or "Ogee" weir. For this example, broad crested has been selected. If the 
Ogee had been selected, two additional fields and a !Cd button would have ' ;~ 
popped up allowing the user to enter a Spillway Approach Height and a · 
Design Energy Head. For the Ogee weir, the user can either enter a weir 
coefficient or have the program compute a weir coefficient by clicking on the 
!Cd button. 

Gated Spillway 

To enter the data for the gates, the Gate icon was selected from the Lateral 
Structure Data Editor (Figure 15 .4). This activated the Gate Editor as 
shown in Figure 15.6. For this example, 3 sluice gates were entered. The 
three gates are always to be opened (or closed) the same amount, so they were 
defined as a single gate group for ease of operation. If the gate~ were to be 
opened or closed individually, then each gate would be defined separately. 
This will be discussed further when the opening heights are set in the steady 
flow data editor. 

After the Gate Editor is activated, the gate data can be entered. The Height, 
Width, and Invert for the gates were entered as 5, 5, and 73 reet, respectively. 
On the right side of the editor, the centerline stations for the three gates were 
entered as shown in Figure 15.6. As these values were entered, the counter 
field #Openings increased to represent the total number of gates (3 for this 
example). By default, the first, and in this example the only, gate group is 
labeled as "Gate #1 ." This label could have been changed by clicking on the 
Rename button. 
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Lateral Gate Editor -;;r~ 

~~-_j Width: 
Gate Data~~~~=~=~~~~ 
Discharge Coefficient: 

Gate Type: jr-S-Iu-ic-e--~=rr 

Trunnion Exponent: 

Opening Exponent: 

Head Exponent: 

Trunnion Height 

0 rifice Coefficient: 

Figure 15.6 Lateral Gate Editor 

The remaining portion of the editor is divided into two sections, one for the 
gate data and one for weir data. The gate data are used when the water 
surface upstream of the gate is greater than 1.25 times the gate opening (as 
measured from the gate invert) . At this water surface elevation, the gate is in 
contact with the water and is controlling the flow rate. The weir data are used 
when the upstream water surface is less than or equal to the gate opening. At 
this water surface elevation, the weir under the gate is controlling the flow 
through the gate opening (i.e., the water is not in contact with the gate). In 
between these two elevations, the flow is in a transition zone. 

For the gate data, the Discharge Coefficient was entered as 0.6. This 
coefficient is used when the gate is experiencing sluice flow (downstream end 
of the gate is not submerged). The next field is the Gate Type. By selecting 
the down arrow, the type "S luice" was chosen. When the gate type was 
selected, the Trunnion Exponent, Opening Exponent, and Head Exponent 
values were automatically set to 0.0, 1.0, 0.5 respectively . Since a sluice gate 
has been selected, the Trunnion Height field has been grayed out. The orifice 
coefficient of 0.8 was entered for full flow conditions (this is used when the 
tailwater elevation on the gate causes it to be submerged). 

For the weir data, the Shape was selected as "Broad Crested." The weir 
coefficient was left as 3. This information appears in the weir data area at the 
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bottom of the Gate Editor. 

This completed the data entry fo r the gates. The OK button was selected at 
the bottom of the Gate Editor and the gates appeared on the Lateral 
Structure Data Editor as shown in Figure 15 .4. At this point, the user 
should zoom in on the gate openings to ensure that they do not overlap and 
appear as intended. The Lateral Structure Data Editor was then closed. 

Steady Flow Data 

15-8 

The flow data consisted of three components: the flow rates for each profile; 
the boundary conditions; and the gate elevation settings . Each of these 
components are described in the following sections. 

Flow Profiles 

To enter the flow data, the, Steady Flow Data Editor (as shown in Figure 
15 .7) was activated from the main program window by selecting Edit and 
then Steady Flow Data. For this example, the number of flow profiles was 
selected as 3. When this number was entered, the table in the central portion 
of the editor expanded to provide three columns for data entry, one for each 
profile. The table initially created four rows, one for each of the four river 
reaches (Bryon, Upper, Middle, and Lower Spruce). For each reach, the 
upstream most cross section is listed under RS (the river station). An initial 
flow must be given at the upstream end of each reach. An additional flow 
change was added to the Middle Spruce reach to model a tributary that enters 
this reach at station 730. (Since the water surfaces and energies in this 
tributary are not needed, the tributary was not included in the river 
schematic.) The flow change was added by clicking the appropriate down 
arrow to select the River "Spruce Creek," Reach "Middle River," and River 
Station "730." 

As shown in Figure 15.7, the flow at the upstream most cross section (RS 
1278 in Upper River) is 1500 cfs for the first profile. This 1500 cfs splits at 
the Meadows junction into reach Middle River and Bryon Creek. The 
upstream end ofBryon Creek has 1200 cfs. The upstream end of Middle 
River has the remaining 300 cfs. The program will use the 1200 cfs and the 
300 cfs as the initial guess for the flow split at the Meadows junction. For 
profile 1 at river station 730 (in Middle River) the flow is listed as 350 cfs. 

This means that a tributary flow of 50 cfs enters at this point. Even though 
the final flow in the Middle river will be different after the flow optimization, 
the program will maintain the 50 cfs addition at this point. This will be 
discussed more fully under the Output Analysis section below. Finally, the 
flow for the top of the Lower River has been entered as 1550. This represents 
the 1200 cfs coming from Bryon Creek and the 350 cfs (after the tributary) 
coming from Middle River. 
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F~ Steady Flow Data- 3 Flow Profiles -.,?J8'ii'~1 
File Gpb[ons HeiiP 

E111ter/&:d~ ~~:~mber of ~rofiles (5IDO max): 

Figure 15.7 Steady Flow Data Editor 

Boundary Conditions 

After the flow data were entered, the boundary conditions were entered by 
selecting the Boundary Conditions button at the top of the Steady Flow 
Data Editor. This activated the Boundary Conditions Editor as shown in 
Figure 15.8. For this example, a subcritical analysis was performed. 
Therefore, an external boundary condition was only needed at the 
downstream most cross section in reach Lower River. The field under 
Downstream was selected and then Normal Depth was chosen. A value of S 
= .001 was entered. Since the Set boundary for all profiles has been clicked, 
the normal slope of 0.001 will be used for all three profiles. The upstream 
field of Upper River is blank, since this is a subcritical only analysis. All the 
remaining fields represent internal connections between different reaches and 
do not require any additional input from the user. 
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Steady Flow Boundary Conditions _ ; , ''f:'~L~l"i} 

() Set boU)<Idary for one prmfile al a time 

Figure 15.8 Boundary Condition Dat~ Editor 

Gate Openings 

The final data entry for the analysis was the gate opening heights. To enter 
thi s data, from the Steady Flow Data Editor, select Options and then 
Inline/Lateral Spillway Gate Openings. This activated the Inline/Lateral 
Spillway Gate Openings Ed itor as shown in Figure 15 .9. 

- ---- =~~~~==~--~----- ---~ 

Spillway Gate Openings -· .:-.L.':f''--

Gate: 4pper River i 150 

Figure 15.9 Lateral Spillway Gate Data Ed itor 

At the top portion of the editor, the River "Spruce Creek," Reach "Upper 
River" and the River Station " 1150" were selected , The Description is the 
same as was entered in the Lateral Spillway Data Editor (Figure 15.4 ). The 
# Gate Groups field shows that there is only 1 gate group at this river station, 
The table in the central portion of the editor has a single row for the one and 
only gate group. The fi rst column lists the description for the gate group, as it 
was named in the Gate Editor (Figure 15.6). The second column displays 
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the number of gate openings for the gate group (3). The third column 
displays the maximum gate height for the gate group (5 feet for this example). 

The remaining portion of the editor consists of entry fields for the number of 
gates opened and the opening heights of the gates for each flow profile. For 
the Lateral weir, all of the gates in a gate group must be operated together. 
For this example, for profile I, the three gates were opened 3 feet. To close 
the gates, the user could set the number of gates opened to zero, or, 
alternately, the gate height could have been set to zero . However, if the user 
enters a non-zero (i.e. positive) number for the number of gates and the gate 
height, then the program wi ll open all of the gates in the gate group to that 
height (the field for the number of gates is set up for the In line weir where it 
is possible to only open part of the gates in a gate group). This means that if 
one gate is opened four feet, then all of the gates will be opened four feet. If 
the user wanted to only open one gate, then that gate would have to be 
defined as a separate gate group. A Lateral Weir can have a maximum often 
gate groups. So ten gates (or groups of gates) could be operated 
independently. If more than ten gate groups are needed, the lateral weir could 
be defined as two or more parts . For instance, a thousand foot long lateral 
weir could be defined as two 500 foot long lateral weirs. Each "weir" would 
have to be entered separately with its own river station and data. By choosing 
the appropriate Distance to upstream cross section, the two weirs could be 
placed immediately adjacent to each other. This would allow for twenty 
different gate groups to be operated independently . 

The user can toggle across the table to view the number of gates open and the 
gate opening heights for all of the profiles. During the analysis of the output, 
the various gate settings will be discussed. This concludes the data entry for 
this example. At this point, the OK button at the bottom of the editor was 
selected and the flow data was saved as "3 Flow Profiles." 

Steady Flow Analysis 

After all of the geometric and flow data had been entered, the Steady Flow 
Analysis Window was activated from the main program window by selecting 
Run and then Steady Flow Analysis. It is shown in Figure 15.1 0. 

First, the Short ID was entered as "Split Flow." Next, the flow optimization 
flags were turned on . This was done by selecting Options and then Split 
Flow Optimizations . This activated the Split Flow Optimization Editor as 
shown in Figure 15.11. The tab for the lateral weir was selected by clicking 
on it. After clicking on it, the user can toggle between turning optimization 
on or off by checking the box under the "optimize" column. Ifthe 
optimization flag had been left off, the program would still calculate the flow 
over the lateral weir. However, this flow would not be removed from the 
river system (this will be discussed more later). 
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fl steady Flow Analysis , .·,.:.;;~£{! 

Figure 15.10 Steady Flow Analysis Editor 

. ----------
Steady Flow Analysis- Flow Optimization Options · ~ .. iil;.; 

Figure 15.11 Optimization Data Editor for Lateral Weirs 

Next, optimization for the junction was turned on. This was done by clicking 
on the Junction tab, which changes the Optimization Editor as shown in 
Figure I 5 .12. Optimization at the Meadows junction can then be toggled like 
it was for the lateral weir. Flow optimization can only be performed at 
junctions that have more than one downstream reach. For this reason, the 
Editor does not display the Pottsville junction. If the optimization flag at the 
Meadows junction had been left off, the program would not optimize the flow 
split. Rather, the program would maintain the same flow ratio in each reach. 

For instance, assume that for the first profile, the junction optimization is off 
and that the upstream lateral weir has an outflow of 500 cfs. This means that 
there would be 1,000 cfs flowing into the Meadows junction instead of 1,500 
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cfs. The program would then proportionately reduce the flow in each reach . 
Middle River would be 200 cfs (instead of300 cfs) and Bryon Creek would 
be 800 cfs (instead of 1,200 cfs). 

Steady Flow Analysis - Flow Optimization Options ·. -S?:~ 

Figure 15.12 Optimization Data Editor for Junctions 

Now that the optimization flags have been turned on, the files for this plan 
can be named and saved. First, the geometry file was selected as "Lateral 
Weir with Full Looped Network" and the flow file was "3 Flow Profiles." 
Next, the Flow Regime was selected as "Subcritical." Then, File and Save 
Plan As were chosen and the information was saved as the plan "Split Flow." 
This plan name then appeared on the Steady Flow Analysis Window, as well 
as on the main program window. Finally, the COMPUTE button was 
clicked to perform the analysis. 

Output Analysis 

For the analysis of the output, the water surface profiles, the lateral weir type 
cross-section table, the lateral weir only type profile table, the junctions table, 
and the standard profile table will be reviewed . Each of these is described in 
the following sections. 

Water Surface Profiles 

The water surface profiles are shown in Figure 15 . I 3. This figure was 
activated from the main program window by selecting View and then Water 
Surface Profiles. The figure shows all three of the flow profiles. It shows all 
three of the reaches that make up Spruce Creek, but it does not show the 
Bryon Creek reach . As can be seen from the figure, the lateral weir has no 
flow for the first profile, flow through just the gates for the second profile, 
and flow through the gates and over the weir for the third profile. 
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Figure 15.13 Water Surface Profiles for Spruce Creek 

Lateral Structure Detailed Output Table 

To review the detailed hydraul ic results for the lateral structure the Lateral 
Structure type Detailed Output Table was activated and is show in Figure 
15 .14. Th is table was activated from the main program window by selecting 
View, Detailed Output Table, Type, and then Lateral Structure. 

At the top of the table, River was selected as Spruce Creek, the Reach was 
selected as "Upper River" and the river station was 1150 (the node for the 
lateral weir). The profi le was selected as "3." 

The table shows the energy grade and water surface at the upstream and the 
downstream end of the weir. For this profile, the energy grade at the start of 
the lateral structure is 85.97 feet and 85 .78 feet at the downstream end. The 
total flow upstream of the lateral structure is 15000 cfs. The total flow in the 
river downstream ofthe lateral structure is 12387 cfs (the lateral structure is 
spilling 2599 cfs or 17.42% of the flow). The program shows that the flow 
over the top of the weir is 1374.61 cfs and through the gates is 1224 cfs for a 
total of2599 cfs. 

In order to perform the backwater computations (and get the water surfaces 
and energies in the vic inity of the weir), the program must know the amount 
of flow in the river. To do this, it assumes the amount of flow that will be 
diverted by the lateral wei r. This is based on the previous iteration (for this 
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example, for the final iteration, a flow of2613 cfs was assumed to be 
diverted). After the backwater calculations have been performed, the 
program can compute a flow for the lateral weir based on water surfaces and 
energies (in this case, 2599 cfs). If these two numbers are within the default 
tolerance of2% (2% ofthe assumed 2613 cfs or 52 cfs), then the lateral weir 
is assumed to have converged. The default tolerances can be changed from 
the Steady Flow Editor by choosing Options and then selecting Set 
Calculation Tolerances (this editor is not shown). 

e; Lateral Structure Output _ ~: ;;:;_~~~ 

Eile Iype Qptions t[elp 

River; I Spruce Creek 

Reach I Upper River 

Plan: S lit Flow S ruceCreek - u 

::o:J I Gate Group: Gate **1 

i:J .!J ~ ~Jan: IS plit Flow 

er River AS: 1150 Gate Grou : Gate tn Profile: PF 3 
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· ·· ·~· · ······ ·· · · · · ······ · ··· ·· ·· · ·"''"'''''''' 
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Q Lat F.lC (cfs) 0.00 Gate Submerg '" 0.00 

"' -
Weir Flow Area (sq ft) 266.35 Gate Invert (ft) 73.00 

-
Errors, Warnin sand Notes 

Energy grade elevation at bridge or culvert (final answer). -

Figure 15.14 Lateral Weir Output Table for Profile 3 

Lateral Structure Profile Summary Table 

The Lateral Structure Only Profile Summary Table is shown in Figure 
1 5.15. This figure was activated from the main program window by selecting 
View, Profile Summary Table, Std . Tables, and then Lateral Structure. 
The figure displays the water surface elevations, energy grade line, and total 
weir and gate flows for each of the profiles . This table shows that gate flow 
occurred for the last two profiles and weir flow occurred only for the last 
profile. It can be used to assist in the detennination of the gate settings to 
adjust the amount of weir flow and gate flow. 
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Figure 15.15 Lateral Weir Profile Table 

Junctions Profile Summary Table 

The Junctions Only Profile Table is shown in Figure 15.16. This figure 'fas 
activated from the main program window by selecting View, Profile 
Summary Table, Std. Tables, and then Junctions. The figure displays the 
water surface elevations, energy grade lines, and total flows for each river 
cross-section immediately bounding the junction. This table makes it easy to 
check ifthe split flow at the junction converged. (For a given ·profile, the 
energy grade lines for the cross sections just downstream ofthejunction 
should be approximately the same. The default tolerance for junctions is 0.02 
feet). It also makes it easy to see how much flow is going into each reach. 

Figure 15.16 Junctions Profile Table 
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Standard Profile Summary Table 

The Standard Table 1 is shown in Figure 15.17. This figure was activated 
from the main program window by selecting View, Profile Summary Table, 
Std. Tables, and then Standard Table 1. For this table, only the third profile 
is being displayed. The flow at river station 1188, upstream of the lateral 
structure, is 15000 cfs. The flows at river stations 1108 and I 028 are 12736 
cfs and 12387 cfs. This represents the flow diverted by the lateral structure. 
River station 1108 intersects the middle of the lateral weir. So for the third 
profile, part of the flow is diverted between river stations 1188 and 1108 and 
the rest is diverted between 1 I 08 and 1028. ote also the 500 cfs increase in 
flow between river station 810 and 730 (from 4302 cfs to 4802 cfs) in the 
Middle River reach . This represents the 500 cfs inflow tributary (the tributary 
is not shown on the river schematic). In the Steady Flow Editor, the flow at 
river station 730 was entered as 4500 cfs for the third profile. However, due 
to the flow diversion from the lateral structure and the flow split at the 
Meadows junction, the flow in the Middle River is not constant. In this 
situation, the program will keep track of the relative flow change. The 4500 
cfs at river station 730 is 500 cfs greater than the 4000 cfs flow at the start of 
the Middle River reach. Hence, the program adds 500 cfs flow at this river 
location. 

f:[ Profile Output Table- Standard Table 1 .' ::z·;!:!Ji!!flif};J 
Eile 2PEions 2,tcl. if abies W,ser lables keGatJoAs ti[elp 

HEC·RAS Plan: S lit Flow Profile: PF 3 

E.G. Elev E.G. Slope Vel Chnl 
[ft] [ft/ft] 

64.00 84.75 ' 86. 08 0. 000621 -- --
63.80 84.40 85.99 0.000753 

Lat Struct 
12736.44 63.80 84.69 85.80 0.000513 107.00 

. 12387.44 63.80 84.81 85.69 0.000402 120.50 
4302.08 63.80 84.17 85.58 0.001297 57.22 
4302.08 63.63 84.09 85.47 0.001259 524.96 

84.00 85.36 0.001213 530.18 

=1•. 
85.19 0.001700 502.16 

503.04 

- t 
i6.69t 

Figure 15.17 Profile Standard Table 1 
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Now that the data have been entered and the program has been run, 
adjustments can be made to the initial flow split assumptions. Making 
adjustments can reduce the number of iterations that the program requires and 
hence speed up the computer run . This will usually be true even if other 
modifications are being made to the geometry file (e.g. a bridge is being 
added to one of the river reaches). In some cases, a data set that is not 
converging can be modified to one that will converge. 

Junction Flow Split 

Figure 15.16. above, shows the flow split at the Meadows junction. For the 
third profile, Middle River has 4302 cfs and Bryon Creek has 8085 cfs. The 
4302 cfs is around 35% of the total flow at the Meadows junction. However, 
the original data, in the Steady Flow Editor, shows that Middle River has 
4000, which is around 25% of the original 15000 cfs flow at Meadows 
(Bryon Creek has the remaining I 1000 cfs) . Adjusting this flow to be closer 
to 35% of the total will speed up the convergence process. In this case a 
value of 5000 cfs for Middle River and 10000 cfs for Bryon Creek would 
improve the run time (and increase the chances of successful convergence). 
Note that it would be incorrect to simply enter the 4302 cfs for Middle River 
and 8085 cfs for Bryon Creek in the Steady Flow Editor. If this were done, 
then the program would assume that a flow loss was taking place at the 
Meadows junction. Note also that if the flow in the Middle River is changed 
to 5000, then the flow at 730 shou ld be changed to 5500 to maintain the 500 
cfs increment. 

Lateral Structure Flow Split 

The user can also enter a first guess for the amount of flow that will be 
diverted by the lateral structure. As in the case of a junction, this can improve 
the run performance. To enter this data, from the Steady Flow Data Editor, 
Options and then Initial Split Flow Values were selected. This activated the 
Initial Lateral Flow Splits Editor as shown in Figure I 5. I 8. By clicking 
under the Initial Flow field for the appropriate profile, a first guess for the 
lateral weir flow can be entered. The program will then assume that this 
much flow is diverted when it performs the first iteration of the backwater 
calculations. 
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Initial Lateral Flow Splits - ,_, :!f;lj 

Figure 15.18 Initial Lateral Flow Split Data Editor 

This example computed 3 flow profiles for the Bryon Creek and Spruce 
Rivers . It included a lateral weir with gates and a fully looped river network 
between the Meadows and Pottsville junction. 

By reviewing the lateral weir and junction tables and the water surface 
profiles and tables, the user can determine the amount of flow being diverted 
by the lateral weir and the amount of flow being split into the two reaches 
downstream of the Meadows junction. The Lateral Weir/Spillway Output 
table provides detailed output for the lateral weir, for a given profile. The 
Junctions table provides flow split output for one or more profiles. The user 
can also adjust the initial starting conditions to improve the run performance 
of the computer computations. 
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EX A MPLE 16 

Channel Modification 

Purpose 

This example demonstrates the use ofHEC-RAS to perform a channel 
modification on an existing channel geometry using a series of trapezoidal 
cuts. Water surface profiles resulting from a channel modification can be 
compared to water surface profiles resulting from the existing channel 
geometry. 

The user is referred to Chapter 12 of the User's Manual for discussion on 
modifying the existing geometric data, implementing the new channel 
geometry, and comparing existing and modified conditions. 

To review the data files for this example, from the main program window 
select File and then Open Project. Select the project labeled "Channel 
Modification- Example 16." This will open the project and activate the 
following files: 

Plan: 
Geometry: 
Flow: 

"Existing Conditions" 
"Base Geometry Data" 
" I 00 Year Profile" 

Geometric Data 

To view the geometric data for the river system, from the main program 
window select Edit and then Geometric Data. This will activate the 
Geometric Data Editor and display the river system schematic as shown in 
Figure 16.1. 

Channel Modification Data 

To perform a modification on the channel, select Channel Modification from 
the Tools menu of the Geometric Data Editor. This will activate the 
window shown in Figure 16.2. The data displayed in Figure 16.2 is not 
present upon entering a new channel modification window. The data shown in 
the left hand column of Figure 16.2 is used to construct the cuts for each cross 
section. 
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Geometric Data- Base Geometry Data . ·: · ~::..~ri!ISJ' 

9 

Upper Reach 

Figure 16.1 River System Schematic for Base Geometry Data 

The channel modification began with the River set to "Critical Creek" and 
the Reach set to "Upper Reach. " The Starting River Station was set by 
default to 12 and the Ending River Station was changed to a value of 1, the 
downstream end of this particular reach. The Project cut from upper RS at 
slope option was entered as 0.01. This option projects a cut using the 
specified slope from the invert elevation of the Starting River Station. 

Once the correct river stations were set, the first cut was established. The 
Center Cuts (y/n) column in the Set Range of Values table was entered as 
"y." This set the centerline for the first cut at the centerl ine of the main 
channel. Next, " 1 00" was entered in the Bottom Width column to set the 
width of the first cut to 100 feet along the centerline. The Invert Elevation 
column was left blank for the first cut, which defaults the program to the 
existing invert elevation of the Starting River Station. Both side slopes for 
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Example 16 Channel Modification 

the banks were entered as 2 (2 horizontal to I vertical). The Cut n/K column 
for the new Manning' s n-value was entered as 0.025 . 

Figure 16.2 Channel Modification Window 

The second cut was also done on the existing centerline of the main channel. 
A Bottom Width of 400 feet and an Invert Elevation of 181 0 feet were 
entered. The entry initiated the second cut at an elevation of 1810 feet, at the 
Starting River Station. The cut will then project with the specified slope 
from this elevation. The slopes were again entered with a value of2 and 
Manning' s n-value was entered as 0.03. After the data was entered, the 
Apply Cuts to Selected Range button was pressed to compute the data 
shown in the lower table of Figure 16.2. 

An option available to the user is Cut cross section until cut daylights. For 
this particular example this option was selected. As the program performs the 
cutting of the trapezoidal channel, the left and right banks of the channel will 
initiate at the invert elevation and cut through the ground until they reach 
open air, then the cutting will stop. If this option is turned off, the left and 
right banks of the trapezoid will be projected to infinity, continually cutting 
any ground that lies above them . 
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Performing the Channel Modifications 

After the Apply Cuts to Selected Range was selected, the Compute Cuts 
button was pressed. This applied all of the channel modification data from 
the lower table to the graphic, updating the information. Additionally, the 
Cut and Fill Areas button was pressed to display Figure 16.3 

The Cut and Fill Data displays the area and volume of each individual cut for 
the left overbank, main channel, and right overbank. The table also displays 
the total area and volume for each individual cut as well as the total volume 
for the entire reach. 

Figure 16.3 Cut and Fill Areas 

Saving the Channel Modifications 

After the completion of all channel modifications a new geometry file was 
created. From the Channel Modifications Data Window, Figure 16.2, the 
title "Modified Geometry" was entered in the upper right hand window. 
Next, the button Create Modified Geometry was pressed and the file was 
saved. Finally, the original geometry file was saved to the hard disk by 
selecting Save Geometry Data from the Geometric Data Editor. This step 
was needed because the data entered in the Channel Modification Data 
Window is saved in the base geometry file and not the modified geometry 
file. Hence, when the modified geometry file was saved, the modifications 
which were used to create that file had not yet been saved. 
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Example 16 Channel Modification 

Steady Flow Analysis 

After saving all the geometric data, the steady flow data fi le was created. 
From the main program window, Edit and then Steady Flow Data were 
selected. This activated the Steady Flow Data Window shown in Figure 
16.4. Profiles were selected with flows of9000 cfs at river station 12 and 
9500 cfs at river station 8. The upstream and downstream boundary 
conditions were established as "Normal Depth= 0.0 1." This steady flow data 
fi le is identical to the file produced in Example 1. The user is referred to 
Example I for a further discussion on developing a steady flow data file. 

Steady Flow Data- 100 Year Profile , -· ·: '. ,j~JJiJ~ 

Figure 16.4 Steady Flow Data Window 

Comparing Existing and Modified Conditions 

Plans for the different geometry files must be manufactured before a 
comparison can be analyzed. Once the plans are created the user can view the 
graphical and tabular results. 

Steady Flow Analysis 

A new plan was created by selecting Run and then Steady Flow Analysis 
from the main program window. This activated the Steady Flow Analysis 
Window shown in Figure 16 .5. The Geometry File was selected as "Base 
Geometry Data" and the Steady Flow File was selected as " 1 00 Year 
Profile." ext, a new plan was created by selecting New Plan from the File 
menu. The title was entered as "Existing Conditions," and the Short I.D. was 
entered as "Exist Cond." A mixed Flow Regime was selected and the file 
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was saved by choosing File and then Save Plan. Finally, the Compute 
button was selected to perform the steady flow analys is. 

Steady Flow Analysis · ' ~ -~"1tii~liJ: 

Efle 

Figure 16.5 Steady Flow Analysis Window 

This procedure was repeated for the modified channel geometry. On the 
Steady Flow Analysis Window the Geometry File was selected as 
"Modified Geometry" and the Steady Flow File remained "1 00 Year 
Profile." The Flow Regime was changed to "Supercritical." The title was 
entered as "Modified Conditions Run" and the Short I.D. was entered as 
"Modified." The file was saved and then the Compute button was selected. 

Water Surface Profiles 

After the simulation was completed, Water Surface Profiles was selected 
from the View menu on the main program window. To compare the different 
profiles for the existing and modified channel geometry, Options and then 
Plans was selected from the profile plot. This displayed the Plan Selection 
Window. From this window the check box Compare Geometry as well as 
Output was selected and the existing and modified geometry plans were 
selected for comparison, as shown on Figure 16.6. 
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lan Selection -· 

Select Plans current lan = Modified Channel Run 
~Modified Channel Run (Short ID =Modified Geom =Modified Geometry) 
~ Existing Cond1tions (Short ID =Exist Cond Geom =Base Geometry Data) 

Figure 16.6 Plan Selection Window 

After pressing the OK button on the Plan Selection Window, Figure 16.7 
was displayed. The figure shows the two plans for the existing channel 
geometry and the modified channel geometry. It can be seen from the profile 
that the existing channel geometry had a flow that was mixed between the 
subcritical and supercritical regime. The modified channel geometry altered 
the flow to be exclusively supercritical for this reach . 
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Channel Modification- Example 16 Plan: 1) Modified 2) Exist Cond 
Geom: Modified Geometry Flow: 100 Year Profile 

Critical Cr . Upper Reach 

Legend 

VVS 1 00 yr - Exist Cond 
----- ----4-- -------
Crit 1 00 yr - Exist Cond 

Crit 1 00 yr - Modified 

WS 1 00 yr - Modified 

Ground 

Ground 

1000 2000 3000 4000 5000 6000 

- ---- Main Channel Distance (ft) 

Figure 16.7 Water Surface Profiles showing existing and modified 
geometry 

Cross Section Plots 

From the main program window, select View and then Cross Section. The 
same method illustrated in the previous section was used for selecting the 
existing and modified plans. The cross section plot illustrated in Figure 16.8 
displays the existing and modified channel geometry along with the water 
surface profiles for both plans. As seen from the figure, the channel 
modification lowered the water surface for the 1 00-year event. For the 
modified geometry the water surface level was lowered enough to contain the 
1 00-year flow in the main channel. In addition, the channel modifications 
changed the type of flow from subcritical to supercritical at this particular 
cross section. 
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Channel Modification- Example 16 Plan: 1) Modified 2) Exist Cond 
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Figure 16.8 Cross Section showing existing and modified geometry 

X-Y-Z Perspective Plot 

From the main program menu select View and the X-Y-Z Perspective Plots. 
Figure 16.9 displays the 3D plot from river station 12 to river station 1. The 
user can select various azimuth and rotation angles to obtain differing views 
of the reach. The figure shows the difference in lateral distribution ofthe 
water surfaces for the existing and modified channel geometry for the given 
flow data. 
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X-Y-Z Perspective Plot ·- · ·~~S[!g!l 

Channel Modification - Example 16 Plan: 1) Modified 
Geom: Modified Geometry Flow: 100 Year Profile 

Figure 16.9 X-Y-Z Perspective Plot 

Standard Table 

Legend 

VVS 1 00 yr - Modified 

VVS 1 00 yr - Exist Cond 

Ground 

Bank sta 

In addition to graphical display, the user can compare the output in tabular 
form. From the main program window, select View and then Profile 
Summary Table. By selecting Standard Table 1, the table shown in Figure 
16.10 is displayed. The first two columns of the table display the river reach 
and river station. The third column identifies which plan corresponds to the 
data. The identifi ers in this column are obtained from the Short ID entered in 
the Steady Flow Data Editor. The remaining portion of the tab le displays 
information about total flow, energy grade line elevation, water surface 
elevation, etc. 

As shown in the table the modifications lowered the water surface by 
approximately 5 feet. The table also shows the transformation of flow from 
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the subcritical regime, for the existing conditions, to a supercritical regime for 
the modified conditions . This corresponds with the increase in velocity. 

f:ffi Prorde Output Table- Standard Table l ' ~ . .'' :"';f!tii~~ 
EJie Qptions ~td . Tables !J.se~ Tables bocations t!elp 

R e~~ch rfliver st~ 

-

Summary 

P.~n 

EMistCond 9000.00 1814.46 1815.76 0.006851 

Modified' 9000.00 1798.60 0.009971 16.24 ' 
Ex~;t Co.nd 9000.00 1800.70 0.008552 12.03 

·..,;.;. 

. 1000.00 1?8J:sot 1798.63 0.010032 16.27 
9000.00 1794.40 1804.47 0.010253 10.47 

9000.00 1788.50 1793.53 1795.57 1797.63 0.009983 16.24 554.12 
9000.00 1788.70 1799.31 1 1799.31 1 )800.16 0.008851 11 .481. 2719.81 0.80 

9500.00 1783.501 1788.84 1790.681 1792.85 0.009088 16.06 591 .40 121 .371 1.28 
9500.00 1784.30 1793.89 1793.89 1795. 08 0.008613 12.38 2524.66 11 10.69 0.81 . 

1 785. 58 1 1787. 92~0.010618 -- --+· 
9500.00 1777.20 1783.66 16.57 573. 33 ~ 120.64 • 
9500.00 1777.20 1789.88 1788.87 1791 .00 0.00741 0 13.16 2155.56 526.61 1· 

1 

9500.00 1773.30 1782.68 . 0.009382 16.23 585.36 121.17 
9500.00 1774.50 1786.35 0.011 143 13.38 1266.30 332.38 

Figure 16.10 Profile Output Table 

The geometry of Example 1 was modified to prevent the flow from the I 00-
year event from overflowing the channel. This was accomplished by 
modifying the existing channel conditions to incl ude two cuts down the 
centerline of the channel. By reviewing the water surface profiles and tables, 
the user can determine the benefits of a specific channel modification for a 
given flow. 
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EXAMPLE 17 

Unsteady Flow Application 

Purpose 

0\ 

This example demonstrates the use ofHEC-RAS to perform an unsteady flow 
analysis on a network of reaches containing junctions, storage areas, bridges, 
culverts, and hydraulic connections. The geometric data constructed for this 
example illustrates multiple unsteady flow applications in HEC-RAS. The 
geometric data used in this example is not a specific reference to any existing 
stream network. 

This example focuses on modeling and evaluating storage areas, hydraulic 
connections, and hydraulic parameters in an unsteady flow environment. The 
user is referred to previous examples for discussion on modeling bridges, 
culverts, multiple reaches, and junctions. 

To review the data files for this example, from the main program window 
select File and then Open Project. Select the project labeled "Unsteady 
Flow Application ." This will open the project and activate the following 
files: 

Plan : 
Geometry: 
Unsteady Flow: 

"Diamond River Base Plan" 
"Diamond River Base Geometry" 
"Unsteady Flow" 

Geometric Data 

To view the geometric data for the river system, from the main program 
window select Edit and then Geometric Data. This will activate the 
Geometric Data Editor and display the river system schematic as shown in 
Figure 17.1. 

General Description 

The Geometric Data consists of a network of channels connected by 
junctions. Four storage areas are included in the geometry (Pyramid Lake, 
Eagle Lake, Upper Angora, and Lower Angora) . Pyramid Lake is connected 
by two reaches (East and West) and by Eagle Lake, via a culvert and a weir. 
Eagle Lake is hydraulically connected to River Station 1.9 on the Southeast 
Reach and to the previously mentioned Pyramid Lake. Upper Angora is 
connected to the Southwest Reach via a lateral weir located between cross 
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sections 1.99 and 1.9. Lower Angora is hydraulically connected to Upper 
Angora via a culvert and a weir. 

Geometric Data- Diamond River Base Geometry :, : ;:·' '"L'~ UiJ _ I 

:J South 
Q. 

Figure 17.1 River System Schematic for Diamond River Base Geometry 

In addition to these features, a culvert is located at River Station 3.395 on the 
Northwest Reach and a bridge is located at River Station 1.895 on the South 
Reach. The cross section geometry is prismatic with little change in elevation 
with distance except for the North Reach. The level topography provides an 
excellent environment to examine unsteady flow fo r such aspects as flow 
reversal. 

This example assumes that the user has sufficient experience constructing the 
following river system features and all attributes associated with each feature. 

• Reaches 
• Cross Section Geometry 
• Junctions 
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Example 17 Unsteady Flow Application 

• Bridges and Culverts 

Consult with previous examples for information pertaining to the above 
mentioned features. The following description commences with the creation 
of storage areas. 

Geometric Data - Diamond River Base Geometry ·~liJIIt!f --·-
Eile 

~~~!!!!!!!~~u..~:~L:::...L_~~~___;,;;:__.:_~--~:r· 
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Figure 17.2 Initial Geometry for Development 

Creating Storage Areas 

In the Geometric Data Editor, the starting geometry for this example is 
shown in Figure 17 .2. On the Tools tool bar in the Geometric Data Editor 
the icon for Storage area was selected. The pointer was then placed between 
the East and West reaches and the storage area was drawn by single clicking 
and dragging the mouse for each desired point for the storage area. The final 
point for the storage area was selected by double clicking the mouse. Upon 
double clicking the mouse, a dialog box appears requesting a storage area 
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name. The name "Pyramid Lake" was entered. Points on a storage area may 
be added or removed by using the Add Points to a Reach or SA and 
Remove Points to a Reach or SA options found in the Edit menu. 

It is important that the program recognizes the connection of Pyramid Lake to 
the East and West reaches. The connection may be made in two different 
ways . The first option is to draw the storage area so the end of each reach is 
included within the storage area polygon. The second option is to drag and 
drop the end of each reach within the storage area polygon by using the Move 
Object tool found in the Edit menu of the Geometric Data Editor. In both 
cases the reach and storage area are connected if a black dot appears at the 
intersection of the reach and the side of the storage area. 

Geometric Data - Diamond River Base Geometry · ·;.,. :::.(: :Z·~~J.I!I 

North 

·~ 
Lower 

::J South 
0. 

Figure 17.3 Geometry with Storage Areas 

J ~ 
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The remaining three storage areas were created in the same manner as 
Pyramid Lake without any connections to reaches. Figure 17.3 displays the 
completed storage areas in the Geometric Data Ed itor before the addition of 
the hydraulic connections. The hydraulic connections for each storage area 
are discussed in impending sections. 

Entering Data for a Storage Area 

After the storage area was drawn in the Geometric Data Editor the surface 
area for storage was entered. The data was entered in the Storage Area 
Editor, displayed in Figure 17 .4, found by selecting the Storage area icon on 
the Editors toolbar. For Pyramid Lake the Area times depth method was 
selected. An area of 1000 acres with a minimum elevation ofO feet was 
entered . This method computes the product of a constant area and change in 
water surface elevation to calculate storage volume. 

Storage Area Editor ·· .. ,,~ 

Figure 17.4 Storage Area Editor for Pyramid Lake 

An additional option for calculating storage volume is the Elevation versus 
volume curve method, shown in Figure 17 .5 for Eagle Lake. For this method 
the initial elevation was entered as 0 feet with a volume of 0 acre-feet. Data 
was then entered in increments of 2 feet for the cumulative volume of storage 
produced at each increment. It is important to note that the user is not 
entering the surface area of storage at each increment but the cumulative 
volume of storage at each increment. 
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Storage Area Editor , ·: >~] 

. M~E~~ 

I ~· Elevation versus Vellllme Curve 

Elevation Volume Curve 
First elevation must have zero volume 

Figure 17.5 Storage Area Editor for Eagle Lake 

Lateral Structure Connected to a Storage Area 

A lateral structure was placed on the Southwest Reach by selecting the 
Lateral Structure icon from the Editors toolbar in the Geometric Data 
Editor. After selecting the icon, the Lateral Structure Data Editor appears, 
as shown in Figure 17.6. With the reach selected as Southwest, under the 
Options menu, Add a Lateral Structure was selected. The location of the 
structure was entered at 1.95. This placed the beginning of the structure 
between river stations 1.99 and 1.9. 

To enter data for the structure, the Weir/Em bankment icon was selected 
from the Lateral Structure Data Editor. The data was entered as shown in 
Figure I 7.7 on the Lateral Weir Embankment Window. The weir is broad 
crested with a width of I 0 feet, placed I 0 feet from the upstream river station 
1.99. The weir flow reference method was chosen as "water surface." 

Returning to the Lateral Structure Data Editor, the "right overbank" was 
selected from the pull-down position menu. Lastly, a connection was made to 
the storage area by selecting the Set SA button. A window will then popup, 
allowing the user to select a storage area to connect to. On the pull-down 
menu "Upper Angora" was selected. 

Another lateral structure was added from the southeast reach to the Eagle lake 
storage area. This lateral structure was added in the same manner as the 
previous one, except it had a culvert in addition to the overflow weir. 
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Figure 17.6 Lateral Weir Data Editor 
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Figure 17.7 Lateral Weir Embankment Window 
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Storage Area Connections 

Storage area connections are used to connect storage areas to other storage 
areas. To make a connection from Pyramid Lake to Eagle Lake, the Storage 
Area Connection icon was selected from the Editors too lbar in the 
Geometric Data Editor. This brought up the Storage Area Connection 
editor shown in Figure 17 .8. The storage areas were selected by press ing the 
Set SA buttons next to the From and To location fie lds. Pyramid Lake was 
selected as the From location, and Eagle lake as the To location. Next the 
Weir/Embankment icon was selected. A 500ft long broad crested weir was 
entered at an elevation of 16.5 feet. 

Figure 17.8 Storage Area Connection Editor fo r Pyramid to Eagle Lakes 

An opening in the embankment was placed along the centerline of the weir by 
selecting the Culvert icon on the Storage Area Connection Data Editor. 
This selection displayed the Culver Data Editor shown on Figure 17.9 . A 
circular culvert with a diameter of 5 feet and an invert elevation of 11.5 feet 
was entered for this hydraulic connection. Additional parameters entered are 
shown in Figure 17.9. 

One additional storage area connection (Upper to Lower lake) was 
constructed in the same manner to connect those two storage areas. 
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Culvert Data Editor , , .. "'~ 

CuiYert Lengtn: 

Depth B loc~ed ! 

Parameters for Hydraulic Tables 

Hydraulic structures, such as bridges and culverts, are converted into families 
of rating curves that describe the structure as a function of tai I water, flow, and 
headwater. The user can set parameters to define the curves by selecting 
HTab Parameters from the Bridge and Culvert Editor or from the Storage 
Area Connection Editor. For this example, the culverts in storage area 
connections, the culvert located on the Northwest Reach, and the bridge 
located on the South Reach may have their parameters adjusted . 

For the bridge located on the South Reach the Bridge/Culvert icon on the 
Editor toolbar in the Geometric Data Editor was selected. In the Bridge 
Culvert Data the South Reach was selected and the HTab Param icon was 
depressed bringing up the Parameters for Hydraulic Properties Tables 
shown in Figure 17 .I 0. Default values were used for the number of points on 
a free flow curve, the number of submerged curves, and the number of points 
on each submerged curve. Limits on the extent ofthe curves were defined by 
setting the maximum headwater and tailwater elevations at 19 feet. For 
additional information on HTAB Parameters refer to Chapter 8 of the User' s 
Manual, Performing an Unsteady Flow Analysis. 
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Figure 17.10 Parameter for Hydraulic Property Tables 

Cross Section Table Parameters 

\ 

In HEC-RAS, cross sections are processed into tables of elevation versus 
hydraulic properties of areas, conveyances, and storage. The user is required 
to set an interval for spacing the points in the cross-section tables . In the 
Geometric Data Editor the icon Htab Parameters was selected under the 
Editors toolbar. This displays the Cross Section Table Parameters 
Window shown in Figure 17.11. The starting elevation, table increment, and 
number of points columns are automatically filled by the program but may be 
changed by the user. The program automatically starts the table for each 
cross section 1 foot above the channel invert. The program chooses a table 
increment and number of points by first attempting to use 20 points, and 
choosing an increment that will put the table up to the top of the cross section. 
If this results in too large of an increment (greater than 1.0 foot) the program 
will use a one foot increment and add additional points to get the table to the 
top of the cross section . The increment for this example was set to 1 for "All 
Reaches" by highlighting the increment column and selecting the Set Values 
button. The user can set individual values for each cross section if it is 
deemed necessary. Warning: Always ensure that your cross section tables 
encompass the complete range of stages that will be modeled. If the tables 
do not go up to a high enough elevation, the program will have to extrapolate 
during the computations. More often than not, the extrapolation causes 
instabilities in the results . To visualize the extent of the tables, a graphic of 
individual cross sections is shown on the right hand side of the window. The 
graphic displays the cross section corresponding to the row in which you 
cursor lies in the table. 
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Figure 17.11 Cross Section Table Parameters 

Unsteady Flow Data 

The user is required to enter boundary conditions and initial conditions for the 
system at the beginning of the simulation period. For additional information 
on unsteady flow data refer to Chapter 8 of the User's Manual, Performing an 
Unsteady Flow Analysis. The Unsteady Flow Data Editor, shown in Figure 
17 .12, was selected from the main program window under the Edit menu. 

Boundary Conditions 

Boundary conditions are required for the farthest upstream and downstream 
cross sections. Upon entering the Unsteady Flow Data Editor the farthest 
upstream and downstream cross sections will be located in the boundary 
conditions column. In this case, the user will see River Station 6.0 on the 
North Reach and River Station 0.0 on the South Reach. Boundary conditions 
are set by highlighting the adjacent cell under Boundary Condition Type. 
When a cell is highlighted, not all boundary conditions are available. The 
program will automatically gray out all irrelevant boundary condition types . 
Internal boundary conditions may be added by selecting the desired cross 
section in the Unsteady Flow Data Editor and pressing the Add a 
Boundary Condition Location button. 
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Figure 17.12 Unsteady Flow Data Editor 

Upstream Boundary Condition 

For River Station 6.0 a flow hydrograph was selected by highlighting the cell 
and pressing the Flow Hydrograph button. The window for a Flow 
Hydrograph is shown in Figure 17.13. For this example the flow 
hydrograph was manually entered by selecting the Enter Table radio button. 
The Data Time Interval was set to three hours and the radio button Use 
Simulation Time was selected. The Use Simulation Time option starts the 
hydrograph at the beginning of the simulation time window, which is 
discussed in an upcoming section. The hydrograph was then manually 
entered with a baseflow of 100 cfs and a floodwave that peaked at 5000 cfs. 
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Flow Hydrograph ·· 

River: Diamond Reach: North AS: 6.0 
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Figure 17.13 Flow Hydrograph for Upstream Boundary Condition 

The user may also select to read hydrograph data from a DSS file. To do this 
the user presses the button Select DSS file and Path. When this button is 
pressed a DSS file and pathname selection screen will appear as shown in 
Figure 17.14. The user first selects the desired DSS file by using the browser 
button at the top . Once a DSS file is selected, a list of all of the DSS 
pathnames within that file will be displayed in the table. The user can use the 
pathname filters to reduce the number of pathnames shown in the table. 
When the desired DSS pathname is found the user closes the window and the 
filename and pathname will be recorded in the Flow Hydrograph Window. 
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Figure 17.14 DSS Pathname and Filename 

Downstream Boundary Condition 

For River Station 0.0 of the South Reach the boundary condition selected was 
normal depth . Again, the corresponding cell for that particular river station 
was highlighted and the Normal Depth button was selected . The window 
shown in Figure 17.15 is then displayed and a value of 0.0000947 was 
entered. This method requires the user to enter a friction slope for the reach in 
the vicinity of the boundary condition, the slope of the water surface is often a 
good estimate of the friction slope. 

Figure 17.15 Normal Depth for Downstream Boundary 

Initial Conditions 

Initial conditions consist of flow and stage information at each of the cross 
sections, as well as elevations for any storage areas defined in the system. 
Data for initial conditions is established by selecting the Initial Conditions 
tab on the Unsteady Flow Data Editor. After selecting the tab, Figure 17.16 
will be displayed. 
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Figure 17.16 Unsteady Flow Data Initial Conditions 

Flow data was entered for each reach so the program could perform a steady­
flow backwater run to compute the corresponding stages at each cross section. 
As shown on Figure 17.16, the North Reach has an initial flow of I 00 cfs, 

corresponding to the baseflow of the hydrograph entered as the upstream 
boundary condition. The other various reaches then split the 100 cfs of flow 
down to the South Reach where the flow combines to 80 cfs. In addition to 
flow data, initial elevation for each storage area is needed. Initial elevations 
were set to 11 , 10, 12, and 10 feet for Pyramid Lake, Eagle Lake, Lower 
Angora, and Upper Angora, respectively. The data was then saved in the 
Unsteady Flow Data Editor and the window was closed. 

17-15 



--------------------------

Example I 7 Unsteady Flow Application 

Unsteady Flow Analysis 
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After the geometry and unsteady flow data have been completed an unsteady 
flow analysis may be initiated. Under the main program window Unsteady 
Flow Analysis was selected under the Run menu. This will display the 
Unsteady Flow Analysis Window shown in Figure 17.17. A plan was 
defined by selecting the Geometry File "Diamond River Base Geometry" and 
the Unsteady Flow File "Unsteady Flow." Under the File menu, Save Plan 
As was selected and the plan title was entered as "Diamond River Base Plan." 
After entering the title ofthe plan a short identifier was entered as "Base" and 
the plan was saved. 

Unsteady Flow Analysis . ·' : :;;:~j 

S tarHI:l!lJ TlJne: I 0800 J 
~los~oo=~l 1 1 1 

Figure 17.17 Unsteady Flow Analysis Window 

Simulation Time Window 

The simulation time window, located on Figure I 7.17, requires a beginning 
and ending date and time for simulation. The date must have a four digit year 
and can be entered in either of the two following formats: 0 lJan 1990 or 
01101 /1990. For this application the date was saved in the latter format. The 
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time field is entered in military time (i.e. 1 p.m. is entered as 1300). For this 
application the simulation time began and ended at 0800. 

Computation Settings 

The computation settings in the Unsteady Flow Analysis Window contain 
the following: the computational interval; hydrograph output interval; 
instantaneous profiles interval; and the name and path of the output DSS file. 

For this example the computation interval was set to 15 minutes. The 
computation interval should be small enough to accurately describe the rise 
and fall of the floodwave. The hydrograph output interval was set to 1 hour. 
This interval defines the output of computed stage and flow hydro graphs 
written to HEC-DSS. The detailed output interval was set to 6 hours, 
specifying the interval at which detailed hydraulic output will be computed by 
the post processor. It is suggested that this interval remain fairly large to 
reduce the amount of post processing and storage required . The path selected 
for the output to DSS was "C:\HEC\RAS\Unsteady\Diamond.dss." 

Location of Stage and Flow Hydrographs 

The user has the option of specifying locations to have hydro graphs computed 
and available for display. The user may select individual cross sections, 
groups of cross sections, or entire reaches. From the Options menu on the 
Unsteady Flow Analysis Window, the Stage and Flow Output Locations 
option was selected, displaying Figure 17 .18. For this example "All Reaches" 
was selected. This option will compute hydrographs at every cross section in 
the data set. If the user is working with an extremely large data set, 
computation time and data storage can be reduced by on ly selecting the most 
essential cross sections for output. 

Stage and Flow Output Locations (MaK 500) " · ~:;r~ 

O..i~mQ!JQ .............. N.9I~b ................. 9. ,.0 .............. .. .. .............. .. ............... J,""' 
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Diamond Northwest 3. 4 
Diamond Northwest 3.39 
Diamond North 6.0 All Rivers 

-+. Diamond North 5.8 
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Unsteady Flow Simulation 
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There are three components used in performing an unsteady flow analysis 
within HEC-RAS: the geometric data preprocessor (HTAB); the unsteady 
flow simulator (UNET); and an output post processor. 

Geometry Pre-processor (HTAB) 

The geometry pre-processor is used to speed up the unsteady flow 
calculations by processing the geometric data into a series of hydraulic 
property tables and rating curves. It is highly recommended and illustrated in 
this example that the user run the geometry pre-processor and examine 
hydraulic output for anomalies before running the unsteady flow simulator 
and the post-processor. 
The Geometry Pre-processor box under "Programs to Run" was selected in 
the Unsteady Flow Analysis Window, Figure 17.17. The Unsteady Flow 
Simulation and Post-Processor boxes were unselected (no checkmarks) and 
the Compute button was depressed. After the geometry pre-processor 
finished processing the data, Hydraulic Property Plots was selected from the 
View menu on the main program menu. Figure 17.19 displays a typical cross 
section plot of hydraul ic properties for this example. Cross sections are 
processed into tables of elevations versus hydraul ic properties of areas, 
conveyances, and storage. Viewing these plots for anomalies is a good 
diagnostic tool to search for cross sections with irregular geometry. 
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Figure 17.19 Hydraulic Properties for a Cross Section 
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Example 17 Unsteady Flow Application 

The geometry pre-processor evaluates hydraulic structures such as bridges 
and culverts and relates the structures as a function oftailwater, flow, and 
headwater. From the Type menu in the Hydraulic Properties Tables, 
Internal Boundaries was selected. Next, the South Reach was selected 
displaying Figure 17.20, the family of rating curves for the bridge located at 
RS 1.895. On the plot the free flow rating function describes the flow if 
tailwater submergence does not occur, such as free flow over a weir. Above 
the free-flow rating function is a family of submerged flow rating curves, one 
for each tailwater elevation. 

View Hydraulic Property Tables - . · :~r >1~ fiiJ 
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Figure 17.20 Family of Rating Curves for Bridge Located on the South 
Reach 

As shown in Figure 17 .20 there is a transitional area to left of the free flow 
curve between 10 and 12 feet of elevation where the lines of constant 
tailwater extend vertically. This occurs because at this water elevation flow 
begins to contact the upstream side of the bridge, causing backwater. This is 
a transition zone where free surface flow changes to orifice flow. This type 
of flow is unpredictable because the flow is changing from free surface flow 
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to a "sluice gate type" of pressure flow and then possibly to a full flowing 
orifice flow. 

Unsteady Flow Simulation and the Post-Processor 

After the hydraulic property tables were examined the Geometry Pre­
processor box was unselected on the Unsteady Flow Analysis Window and 
the Unsteady Flow Simulation and Post-Processor boxes were selected . 
Then the Compute button was depressed. 

The output from the simulation can be viewed from many different tables and 
graphs. The most interesting output for this example is found by viewing the 
stage and flow hydrographs. From the main program window, View and then 
Stage and Flow Hydrograph was selected. By selecting the Type menu on 
the Stage and Flow Hydrograph Window the user can view stage and flow 
hydrographs for cross sections, bridges, culverts, inline structures, lateral 
structures, storage areas, storage area connections, and pump stations. 
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Figure 17.21 tage and Flow Hydrograph for the West Reach 
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First, the "Cross Section" option was selected from the Type menu and the 
reach was set to West, displaying Figure 17 .21 . As seen from the figure, the 
flow was initially negative, denoting that at the beginning of the simulation 
time flow was moving away from Pyramid Lake. As the floodwave 
progressed the flow changed to positive, implying a reversal in the direction 
of flow towards Pyramid Lake. After the floodwave passed, the direction of 
flow returned to flowing away from Pyramid Lake. The stage and flow can 
also be viewed as tabular output by selecting the Table tab located on the 
Stage and Flow Hydrograph Window. The output will be displayed in the 
increment set on the hydrograph output interval located in the Unsteady Flow 
Analysis Window. 

fEJ Stage and Flow Hydrographs - · · -~ 

The geometric data set was constructed with relatively no slope to emphasize 
the ability ofRAS to model unsteady flow, including flow reversals. As seen 
in Figure 17.22 for the Southwest Reach, the flow reverses direction during 
the peak of the floodwave. This flow reversal occurs because water is 
diverted to the West Reach and to the lateral weir on the Southwest Reach. 
These diversions decrease the flow in the Southwest Reach compared to the 
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flow in the Southeast Reach . The discrepancy in flows between the two 
reaches causes a significant difference in water surface elevations at the 
Lower Junction. The difference in water surface elevation forces water to 
move upstream on the Southwest Reach during the floodwave. 

Next, the Lateral Structure option was selected from the Type menu and the 
reach was set to Southwest, displaying Figure I 7.23. As shown in Figure 
17.23 , the lateral weir is affected by the flow reversal on the Southwest 
Reach. Additionally, the tailwater stage for the lateral weir rises above the 
headwater stage twice during simulation, causing flow to enter the reach from 
the lateral weir. 
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Figure 17.23 Stage and Flow Hydrograph for Lateral Structure Located 
on the Southwest Reach 

In addition to viewing output directly from the Stage and Flow Hydrograph 
Window the user can open the Geometric Data E ditor and select to view 
output by clicking on the desired feature . From the Geometric Data Editor 
the storage area "Pyramid" was selected by clicking on it with the mouse. 
Plot Stage and Flow Hydrograph was selected, displaying Figure 17.24. 
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As shown in Figure 17.24, the stage of the storage area steadily decreases 
because flow is leaving the storage area until the floodwave passes through, 
causing the stage to increase. The stage of the storage area then begins to 
decrease again after the floodwave. 
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Figure 17.24 Stage and Flow Hydrograph for Pyramid Lake 

Finally, from the Geometric Data Editor the storage are connection 
"Pyramid to Eagle" was selected, displaying Figure 17.25. Initially, there is 
no flow in this connection. This occurs because the stage is below the low 
invert elevation of the culvert at 11.5 feet. When the stage increases to over 
11.5 feet the flow rate steadily increases, as shown on Figure 17.25. 
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Figure 17.25 Stage and Flow Hydrograph for Hydraulic Connection­
Pyramid to Eagle 

The concept of unsteady flow analysis within a network of channels and 
storage areas was discussed. This example demonstrates the ability of HEC­
RAS to route a hydrograph through a network of channels containing 
junctions, culverts, bridges, storage areas, lateral weirs, and hydraulic 
connections. 

Unsteady flow analysis can be extremely difficult compared to steady flow 
analysis because input parameters can cause instabilities in calcu lations. 
Instabilities can cause the program to fail to converge on a solution. It is 
high ly recommended that the user have experience with unsteady flow 
modeling. Refer to Chapter 8 of the User 's Manual fo r add itional information 
on unsteady flow analysis. 
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