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The HEC-RAS software was developed at the Hydrologic Engineering Center (HEC).
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 was programmed by Mr.
Steven S. Piper. The routines that import HEC-2 data were developed by Ms. Joan
Klipsch. The cross section interpolation routines were developed by Mr. Alfredo E.
Montalvo. 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, and Michael Gee. Mr. Darryl

Davis was the director during the development of this software.

This manual was written by Mr. John C. Warner and Mr. Gary W. Brunner.




Introduction

Introduction

Welcome to the Hydrologic Engineering Center's River Analysis System (HEC-RAS).
This software allows you to perform one-dimensional steady flow, unsteady 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).

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-runoff analysis; 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
of this manual.

Contents

# HEC-RAS Documentation

# Overview of this Manual




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

Hydraulic Reference Manual

Applications Guide

Overview of this 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 l
graphical and tabular output.

This manual describes the theory and data I
requirements for the hydraulic calculations performed

by HEC-RAS. Equations are presented along with the
assumptions used in their derivation. Discussions are l
provided on how to estimate model parameters, as well

as guidelines on various modeling approaches. l

This document contains examples that demonstrate
various aspects of HEC-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.

This Applications Guide contains written descriptions of 13 examples that l
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\DATA directory 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 l
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 l
guide for performing similar analyses. This manual is organized as follows:
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Example 1, Critical Creek, demonstrates the procedure to perform a basic
flow analysis on a single river reach. This river reach is situated on a steep
slope, and the analysis was performed in a mixed flow regime to obtain
solutions in both subcritical and supercritical flows. Additionally, the example
describes the procedure for cross section interpolation.

Example 2, Beaver Creek - Single Bridge, illustrates an analysis of a single
river reach that contains a bridge crossing. The data entry for the bridge and
determination for the placement of the cross sections are shown in detail. The
hydraulic calculations are performed with both the energy and pressure/weir
flow methods for the high flow events. Additionally, the model is calibrated
with observed high flow data.

Example 3, Single Culvert (Multiple Identical Barrels), describes the data
entry and review of output for a single culvert with two identical barrels.
Additionally, a review for the locations of the cross sections in relation to the
culvert is presented.

Example 4, Multiple Culverts, is a continuation of Example 3, with the
addition of a second culvert at the same cross section. The second culvert also
contains two identical barrels, and this example describes the review of the
output for multiple culverts.

Example 5, Multiple Openings, presents the analysis of a river reach that
contains a culvert opening (single culvert with multiple identical barrels), a
main bridge opening, and a relief bridge opening all occurring at the same
cross section. The user should be familiar with individual bridge and culvert
analyses before reviewing this example.

Example 6, Floodway Determination, illustrates several of the methods for
floodplain encroachment analysis. An example procedure for the floodplain
encroachment analysis is performed. The user should be aware of the site
specific guidelines for a floodplain encroachment analysis to determine which
methods and the appropriate procedures to perform.

Example 7, Multiple Plans, describes the file management system used by
the HEC-RAS program. The concepts of working with projects and plans to
organize geometry, flow, and other files are described. Then, an application is
performed to show a typical procedure for organizing a project that contains
multiple plans.

Example 8, Looped Network, demonstrates the analysis of a river system that
contains a loop. The loop is a split in the main channel that forms two streams
which join back together. The example focuses on the procedure for balancing
of the flows around the loop.

xi
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# Example 9, Mixed Flow Analysis, describes the use of a mixed flow regime
to analyze a river reach containing a bridge crossing. The bridge crossing
constricts the main channel supercritical flow, creating a subcritical backwater
effect, requiring the use of the mixed flow regime for the analysis. Results by
subcritical and supercritical flow regime analyses are presented to show
inconsistencies that developed, and to provide guidance when to perform a
mixed flow analysis.

# Example 10, Stream Junction, demonstrates the analysis of a river system
that contains a junction. This example illustrates a flow combining of two
subcritical streams, and both the energy and momentum methods are used for
two separate analyses.

# Example 11, Bridge Scour, presents the determination of a bridge scour
analysis. The user should be familiar with the procedures for modeling bridges
before reviewing this example. The scour equations and procedures are based
upon the methods outlined in Hydraulic Engineering Circular No. 18 (FHWA

1995).

# Example 12, Inline Weir and Gated Spillway, demonstrates the analysis of a
river reach that contains an inline weir and a gated spillway. Procedures for
entering the data to provide flexibility for the flow analysis are provided.

of a river reach that contains a bridge crossing. The example is similar to
Example 2, however, all of the water surface profiles are low flow and are
computed using the WSPRO (FHWA, 1990) routines that have been adapted
to the HEC-RAS methodology of cross section locations around and through a
bridge.

# Example 14, Ice-Covered River, is an example of how to model an ice
covered river as well as a river ice-jam.

# Appendix A contains a list of references.

xii

# Example 13, Bogue Chitto - Single Bridge (WSPRO), performs an analysis l
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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 : “Existing Conditions Run”
Geometry : “Base Geometry Data”
Flow : “100 Year Profile”

Geometric Data

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, 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 of the User's Manual). Most of the 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 section 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.

1-1
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Figure 1.1 River System Schematic for Critical Creek
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Figure 1.2 Reach Lengths For Critical Creek
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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 ft/ft, which can be
considered as a fairly steep slope. The remaining geometric data consists of \
Manning’s n values of 0.10, 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 1.3. 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
"100 yr." This was performed by simply selecting Edit Profile Names from
the Options menu and typing in the new name.

Steady Flow Data - 100 Year Profile Ei=]1E3

File Options Help

Enter/Edit Number of Profiles: |1 Reach Boundary Conditions l Apply Deta l

Locations of Flow Data Changes
River. |Ciitical Cr. =~
Reach: fUpper Reach _'_I RiverSta.: {12 v{ AddA Flow Change Location l
Flow Change Location Profile Names and Flow Rates
River Reach RS 100 yr
1 |Critical Cr. Upper Reach 12 9000
2 |Critical Cr. Upper Reach 8 3500

|Edit Steady flow data for the profiles (cfs)

Figure 1.3 Steady Flow Data Editor



Example 1 Critical Creek

Next, the 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 Simulate
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 "100 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.

Bl Steady Flow Analysis
File Options Help

Plan: [Existing Conditions

ShortID IExist Cond

Geometry File : |Base Geometry Data Ed
Steady FlowFile:  [{o0vearProfile |
Flow Regime——— pjap Description:
€ Subcritical =
€ Supercritical
C Mixed

Enter to compute water surface profiles -

Figure 1.4 Steady Flow Analysis Window
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Subcritical Flow Output Review

As an initial view of the 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 | {O] X
File Options Help
Critical Creek - Example 1 Existing Conditions £l
Geom: Base Geometry Data Flow: 100 Year Profile
Upper Reach >
18201 i Legend
EG 100 yr
WS 100 yr
= Crit 100 yr
==
S Ground
0]
3
|
1740 T T T T T 1
0 1000 2000 3000 4000 5000 6000
Main Channel Distance (ft) 4595.01,1765.68 |+
{ ] ...J’

Figure 1.5 Profile Plot for Critical Creek

From 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
suberitical 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, Cross Section Table, 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
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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 11th 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.

EE Cross Section Output

File Type Options Help

River:

Reach: (Upper Reach

_'J Profile: hﬁ&yr‘_; . :j

Critical Cr.

: ~ ~ ~] Rivsta: M ‘

Plan: Exist Cond  River: Critical Cr. Reach:Upper Reach Riv 2P 100 wr

WS Elev () “1815.05] Element LetOB | Channel | RightOB
Vel Head (ff) ~0.7[WenVal | o100 0040  o0.100
EG Elev(t) i 1815.76| Reach Len. (f) 50000 50000  500.00
Critw.S. (f) 181446| FlowArea(sgf) | 213312 32055 9942
EG Slope (t/f) 0.006888| Area (sq fi 213312 32055 93.42
Q Total (cfs) ~ 9000.00| Flow(cfs)_ 552503 337471 10025
Top Width (f) 877.46| Top Width () 698.02 4500 13444
Vel Total (f/s) 3.53| Avg. Vel. (ft/s) 259 1053, 1.01
Max Chl Dpth (f) 11.45Hydr. Depth (f) 306 712 0.74

Conv. Total (cfs) 108443.1| Conv. (cfs | 665724 408627 12080
Length Wid. 500.00} Wetted Per. (f) n 700 79 50.80 134.46
1803.60} Shear (Ib/sgfl) ' 131 2.71 0.32

; 3.68) Stream Power (lb/fts) 333 2857 032

Frenloss(f) 3.81f Cum Volume (acre-ft) 225 60: 41.66: 10.94

C&Elossffty

6.43 7.74

Cum SAiat:ras) . 79.09

Warning - The velocity head has chnnged by more than 05#(0.15 m} 'R'us e

Warning - The energy loss was grsatsrthan 1.0 ft (U 3m). batween (he cu:rentqﬂd prevtous crass

: mmgs and Notes

|ndlcate the need for
additional cross sections.

section. This maymd:cate the need for addmonal cross sections.

Calculated water surface from energy equation.

Figure

1-6

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
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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 of the summary table is shown in Figure 1.7.

w. Errors Warnings and Notes for Plan : Exist Cond

River: lCriﬁc&l Cr. :j Profile: m

Reach: |Upper Reach »| Plan.  |Existing Conditions -

River: Critical Cr. Reach: Upper Reach RS:12 Profile: 100 yr -
‘\Warming - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional
cross sections.
Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This
may indicate the need for additional cross sections.
River: Critical Cr. Reach: Upper Reach RS:11  Profile: 100 yr
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 calculations.
Warning - Divided flow computed for this cross-section.
Warning - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for additional
cross sections.
‘Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section. This
may indicate the need for additional cross sections. )
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. =]

C!ipboardJ Print... ’ File... [ Close l

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 calculations. 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.

1-7
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1-8

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.

Cross Section =1 E3 l
File Options Help r
River. |Critical Cr. | |39s6a.98224688 =
Reach: lUpparReach "_l River Sta.: 110 v[ E
Critical Creek - Example 1 Existing Conditions ' =
Geom: Base Geometry Data Flow: 100 Year Profile
River = Critical Cr. Reach= Upper Reach Cross Section10
18254 A A fe— 1 —
E Legend
18204 EG100yr
18151 WS 100 yr
g * "0+ p Y7’ USSR
5 18101 Crit100yr
= Ground
% 18051 [
w Bank Sta
1800
17957
1790 T T T T T T 1
0 200 400 600 800 1000 1200 1400
Station (ft) -
] L]_J l

Figure 1.8 Cross Section 10, Showing Divided Flow

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 considered in the conveyance determination until a maximum elevation is
reached. Secondly, if all of the 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.




Example 1 Critical Creek

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 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 required to determine the critical depth
and accompanies the use of the secant method in the determination of
the 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 less 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 :
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K - 1486 oo

n

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.

Mixed Flow Analysis

1-10

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. Additionally, since the program defaulted to
critical depth at various locations 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. If this data are not available, 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, Options and then XS
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Interpolation were 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 Options,
XS Interpolation, 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 11 (the lower
station will automatically be 10), the interpolation shown in Figure 1.9 should
appear.

55 Inerpolation - Base Geometry Dota » nerpolated |
River. |Critical Cr. ~| UpperRivste: [11 ~] E:Hzl
Reach: |UpperReach __v_] Lower Riv Sta: ﬁ-ﬂ———_—— ‘
Distance BetweenXS's ~ [25 . ' .
Max Distance (ft} F-50|—— Delete Interpl Interpolate l

Close l Help i

[Enter mex distance wanted between interp. sections. . }

Figure 1.9 Cross Section Interpolation Based on Default Master Cords

As shown in Figure 1.9, the interpolation was adequate for the right overbank
and the main channel. However, the interpolation in the left overbank failed to
connect the two existing high ground areas. These two high ground areas
could be representing a levee or some natural existing feature. Therefore, Del
Interp was selected to delete the interpolation. (This only deleted the
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interpolation between cross sections 11 and 10.) Then, the two high points and
the low points of the high ground areas were connected with user supplied
master cords. This was accomplished by selecting the Master Cord button
and connecting the points where the master cords should be located. Finally, a
maximum distance of 150 feet was entered between cross sections and
Interpolate was selected. The final interpolation appeared as is shown in
Figure 1.10.

The modeler should now go through all of the interpolated cross sections and
determine that the interpolation procedure adequately produced cross sections
that depict the actual geometry. When completed, the geometric data was
saved as the new file name "Base Geometry + Interpolated." This allowed the
original data to be unaltered and available for future reference.

l
River. |Critical Cr. - =] UppefRNS’(a s
Reach: |Upper Reach >] LowerRivSta:
Distance Between XS's fas

MexDistance () ~ [150

reats &cidttlunal mtarpolahon cords , . -
Figure 1.10 Final Interpolated With Additional Master Cords

Flow Data

At this point, with the additional cross sections, the modeler can perform a flow
analysis with subcritical flow as was performed previously and compare the
results with the previously obtained data. However, for the purposes of this
example, an upstream boundary condition was added and then a mixed flow
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regime analysis was performed. Since a mixed flow analysis (subcritical and
supercritical flow possibilities) was selected, an upstream boundary condition
was required. From the main program window, Edit and then Steady Flow
Data were selected. Then the Boundary Conditions button was chosen and a
normal depth boundary condition was entered at the upstream end of the reach.
A slope of 0.01 ft/ft as the approximate slope of the channel at section 12 was
used. Finally, the flow data was saved as a new file name. This will allow the
modeler to recall the original data when necessary. For this example, the new
flow data file was called "100 YR Profile - Up and Down Bndry." that includes
the changes previously mentioned.

Mixed Flow Analysis

To perform the mixed flow analysis, from the main program window
Simulate and Steady Flow Analysis were selected. The flow regime was
selected to be "Mixed," the geometry file was chosen as "Base Geometry +
Interpolated," and the steady flow file as "100 YR Profile - Up and Down
Bndry." The Short ID was entered as "Modified Geo," and then File and Save
Plan As were selected and a new name for this plan was entered as "Modified
Geometry Conditions". This plan will then associate the geometry, flow data,
and output file for the changes that were made. Finally, COMPUTE was
selected to perform the steady flow analysis.

Review of Mixed Flow Output

As before, the modeler needs to review all of the output, which includes the
profile as well as the channel cross sections both graphically and in tabular
form. Also, the list of errors, warning, and notes should be reviewed. The
modeler then needs to determine whether additional action needs to be taken to
perform a subsequent analysis. For example, additional cross sections may still
need to be provided between sections in the reach. The modeler may also
consider to use additional flow profiles during the next analysis. The modeler
should review all of the output data and make changes where they are deemed
appropriate.

For this analysis, the resulting profile plot is shown in Figure 1.11. From this
figure, it can be seen that the flow depths occur in both the subcritical and
supercritical flow regimes. (The user can use the zoom feature under the
Options menu in the program.) This can imply that the geometry of the river
reach and the selected flows are producing subcritical and supercritical flow
results for the reach.

1-13
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File Options Help & ;
Critical Creek - Example 1 Modified Geometry Conditions =
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Figure 1.11 Profile Plot for Critical Creek - Mixed Flow Analysis

To investigate this further, the results will be viewed in tabular form. From the
main program window, View, Profile Table, Std. Tables, and then Standard
Table 1 were selected. This table for the mixed flow analysis is shown as
Figure 1.12. The table columns show the default settings of river, reach, river
station, total flow, minimum channel elevation, water surface elevation, etc.
The meanings of the headings are described in a box at the bottom of the table.
By selecting a cell in any column, the definition of the heading will appear in
the box for that column.

From the Standard Table 1, the water surface elevations and critical water
surface elevations can be compared. The values at river station 11.2* show
that the flow is supercritical at this cross section since the water surface is at an
elevation of 1811.29 ft and the critical water surface elevation is 1811.46 ft.
Additionally, it can be seen that the flow at river station 11.0 is subcritical.
(Note: the asterisks (*) denote that the cross sections were interpolated.) By
selecting the Cross Section type table (as performed for Figure 1.6), and
toggling to river station 11.0, a note appears at the bottom of the table
indicating that a hydraulic jump occurred between this cross section and the
previous upstream cross section. These results are showing that the flow is
both subcritical and supercritical in this reach. The user can continue this
process of reviewing the warnings, notes, profile plot, profile tables, and cross
section tables to determine if additional cross sections are required.
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5 Profile Output Table - Standard Table 1

File Options Std Tables UserTables Help
¢ HEC-RAS Plan: Moditied Geo River: Critical Cr. Reach: Upper Reach .
Reach RiverSta | QTotal | MinChEl |W.S. Elev| CritW.S. | E.G.Elev |E.G. Slope] Vel Chnl |FlowArea |2
(cfs) ®) {® () ® (f/f) (t/s) (sqf) |-
Upper Reach|12 9000.00: 180360 181554 181446 1816.02 0.004553 895 299571
Upper Reach|11.8* 9000.00 1803.02 181458 181414 181544 0.006430 10.78  2405.44
Upper Reach|{11.6* 900000 180244 181340 181340 181467 0.008415 1216 204057
Upper Reach|11.4* 9000.00 180186 181242 181247 1813.82 0.008592 12.28 188819
Upper Reach|11.2* 9000.00 1801.28 1811.29 181146 181283 0.008620 1273 1701.22
Upper Reach|l1 9000.00 1800.70 1810.67 181042 181190 0.007044 1120 1888.36
Upper Reach|10.75* 9000.00 179913 180%.51  1809.51  1810.31 0.008509 1221  1856.92
Upper Reach|10.5* 900000 179755 180792 180833 1809.61 0.012366 1393 185855
Upper Reach|10.25* 9000.000 179597 180590 1806.45 1807.69 0.019490 1559  1795.91
Upper Reach{10 9000.00 179440 180463 180369 1805.08 0.008683 984 2636.20
Upper Reach|9.83333* 9000.000 1793.45 1803.73 1803.03 180434 0.008678 1047 2625.29
Upper Reach|9.66666™ 9000.00 1792.50 1802.94 1802.59  1803.60 0.008803 11.01 2603.13
Upper Reach|9.5* 9000.000 179155 1802.12 1801.30 1802.86 0.008657 11.28  2625.06
Upper Reach|9.33333* 9000.00 179060 1801.17 1801.17  1802.07 0.009566 11.97:  2551.98::
T B T e e e _.__irj
Total flow in cross section.

Figure 1.12 Standard Table 1 for Mixed Flow Analysis - Critical Creek

Summary

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 of HEC-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 water course 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-601. 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 the flood flow of 14000 cfs that
occurred on May 22, 1974, along with analysis of two additional flow values of
10000 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 : "Pressure/Weir Method”
Geometry : "Beaver Cr. + Bridge - P/W”
Flow : "Beaver Cr. - 3 Flows”
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To perform the pressure/weir flow analysis, the following 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.”
Geometric Data - Beaver Cr. + Bridge - P/W EEES
File Edit View Tables Options Help
River /5.99 A
Reach —J
=
Junct. : -
® .
Cross
Section "
Brdg/Culv
Kentwood |
Infine \
Spillw ay
Yiew
Picture
o > |—‘
73,79 |

Figure 2.1 River System Schematic for Beaver Creek
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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 geemetric 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 Section 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.

Cross Section Data - Beaver Cr. + Bridge - P/W [ X]

Exit Edit Options Plot Help

River: !Beaver Creek j Anply Data I
Reach: lKenmod _'_l River Sta.: ]5.99 vl EHZ)
Description lUpstream Boundary Cross Section E

Cross Section X-Y Coordinates Downstream Reach Lengths

Station |Elevation| nVal | 4
1.0 221 01 i
2 7 220.3
3 |36 216.6
4 [131 216.6
5 |233 216.8
'G_-282 216.6
¢ 1[351 2164
8 |518 216.1 0.14
9 591 2133
110|627 2132
LBBZ 209
12 |709 212.7 = lm |g.3
Levee on left side

Edit Station Elevation Data (f)

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, if the
major portion of the active flow is "cutting across” the meanders of the main
channel, then these reach lengths will need to be reevaluated.

| Edit Downstream Reach Lengths
' Reach: [Kentwood |*|
' Selected Area Global Edits :
| Add Constant Multiply Factor
| River Sta LOB Channel | ROB +
il 5.99 440 600 400
2 5.875* 440 500 400 By
3 5.76 225 400 275
4 5,685~ 225 400 275
s 561 240 450 190
B 5 525* 240 460 190
7 5.44 270 170 500
8 5.41 100 100 100
9 5.4 Bridge
{10 5.3% 320 500 580 ]
i 5.29 410 4165 410 E

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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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 pressure/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
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analysis, the location of this cross section was evaluated using the procedures
as outlined in the HEC study [HEC-1995]. This evaluation will be presented in
the discussion near the end of this example.

Manning’s n Values. The Manning’s n values were obtained from the field
data displayed on the USGS atlas. For some of the cross sections, the
Manning’s n values changed along the width of the overbank areas and the
horizontal variation in n values option was selected, such as for cross section
5.99. This option was performed from the Cross Section Data Editor by
selecting Options and Horizontal Variation in n Values. This caused a new
column to appear under the Cross Section X-Y Coordinates heading (as shown
in Figure 2.2). For cross section 5.99, the n values changed at the X-
coordinates of 518 (in the left overbank), 866 (the main channel left bank
station), and 948 (the main channel right bank station). This can be seen by
scrolling down in the coordinates window of the cross section editor. The
overbank areas have densely wooded areas which created the necessity for the
variation in n values. The final data are shown in the cross section plot in
Figure 2.4.

Cross Section [_ (O] X]
File Options Help
River. |Beaver Creek ~] [107531.215.39
Reach: IKentwood _] River Sta.: lS 93 I[I]E]
Single Bridge - Example 2 PressiWeir Method ".
Geom: Beaver Cr. + Bridge - PV Flow: Beaver Cr. - 3 Flows P
River = Beaver Creek Reach= Kentwood Upstream Boundary Cross Sectlon :
92— A 14— 14 >
] 0 Legend
220 4 —
Ground
2181
Levee
€ o B :St
5 2147 ares
g 212
Y2101
2084
206 1
204 T T T 1
0 500 1000 1500 2000

Station (ft) 5
¥

Figure 2.4 Cross Section 5.99: Horizontal n Variation and Levee Options
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Levees. As can be seen in the plot of cross section 5.99 in Figure 2.4, there
exists a large area to the left of the main channel that is lower in elevation than
the invert of the main channel. During the analysis, the program will consider
the water to be able to go anywhere in the cross section. The modeler must
determine whether or not the lower area to the left of the main channel can
initially convey flow. If the area cannot convey flow until the main channel fills
up and then overtops, then the levee option should be used. For this example, a
left levee was established at the left main channel bank station for river station
5.99. This prevents water from being placed to the left of the levee until the
elevation of the levee is reached. The elevation selected for this levee was the
elevation of the left side of the main channel.

To insert the levee, Options and then Levees was selected from the Cross
Section Data Editor. This resulted in the display shown in Figure 2.5. The
values for this example were station 866 and elevation 214.8 for a left levee.
As can be seen in Figure 2.4, the levee is displayed as a small square located at
the LOB station. Additionally, a note appears identifying the selection of a
levee for the specific cross section at the bottom of the Cross Section Data
Editor. This note can be seen in the box at the bottom of Figure 2.2. Levee
options were selected for other cross sections in addition to cross section 5.99.
In each case, the modeler needs to view each cross section and determine
whether the levee option needs to be utilized.

[ 7
1 XS Levee Data }

Enter station and elevation points to mark levee &8

on cross section

Left Right
| Station 866
" Elevation 2148
OK Cancel Defaults Clear !

Figure 2.5 Levee Option for Cross Section 5.99

Contraction/Expansion Coefficients. The contraction and expansion
coefficients are used by the program to determine the transition energy losses
between two adjacent cross sections. From the data provided by the recent
HEC study [HEC-1995], gradual transition contraction and expansion
coefficients are 0.1 and 0.3, and typical bridge contraction and expansion
coefficients are 0.3 and 0.5, respectively. For situations near bridges where
abrupt changes are occurring, the coefficients may take larger values of 0.5 and
0.8 for contractions and expansions, respectively. A listing of the selected
values for this river reach can be viewed by selecting Tables and then
Coefficients from the Geometric Data Editor. This table is shown in
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Figure 2.6 and displays the values selected for the river cross sections.
Typical gradual transition values were selected for stations away from the
bridge. However, near the bridge section, the coefficients were increased to
0.3 and 0.5 to represent greater energy losses. For additional discussion
concerning contraction and expansion coefficients at bridges, refer to
Chapter 5 of the Hydraulic Reference Manual.

Edit Contraction/Expansion Coefficients
River: }BeaverCreek Lt_}
Reach: lKem#ood |_i_'
-Selected Area Global Edits
(oo |
River Sta Contraction \ Expansion +*
1 593 0.1 i0.3
2 5.875* 0.1 0.3 By
3 5.76 0.1 03
4 5.685* 0.1 03
5 561 0.1 03
6 5525* 0.1 03
7 544 03 05
8 541 03 05
3 5.4 Bridge
10 533 03 0.5
11 bad 0.1 0.3 s

Figure 2.6 Coefficients For Beaver Creek

This completed the input for the cross section geometric data. Next, the bridge

geometry data was entered as outlined in the proceeding section.

Bridge Geometry Data

To enter the bridge geometry data, the Bridge/Culvert icon was selected from
the Geometric Data Editor. This activated the Bridge/Culvert Data Editor.

The river and reach were selected as "Beaver Creek” and "Kentwood” (the
only reach for this example). Then, Options, and Add a Bridge or Culvert

were selected and river station 5.4 was entered as the location for the bridge.

The Bridge/Culvert Data Editor then displayed the upstream (river station
5.41) and downstream (river station 5.39) cross sections. A description was

then entered as "Bridge #1.” The following section provides a brief summary

of the input for the bridge geometry including the bridge deck/roadway and
then the bridge piers.
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Bridge Deck and Roadway Geometry. From the Bridge/Culvert Data
Editor, the Deck/Roadway icon was selected and this activated the
Deck/Roadway Data Editor, as shown in Figure 2.7.

DeckiRoadway Data Editor

Width | WeirCosf | 3

Downstrearm

a
!—Eh Cord| Low Cord | Station lHigh Cord | Low Cord
1 {0 216.93 200 0 216.93 200
Mz |4s0 21683 200 450 21683 200 [T
3 |450 216.93 215.7 450 216.93 215.7
4 647 216.93 215.7 647 216.93 2157
5 [647 216.93 200 647 216.93 200
6 [2000 216.93 200 2000 216.93 200
7
8
o] 4]
USEmbankmentSS |2 D.SEmbankmentSS |2
Weir Datax
 Max Submergence: IU.95 Min Yveir Flow EI: I
@ Broad Crested
' C Ogee

[ OK l l Cancel I | Clear I l Copy Upto Down I

Enter station, high cord and low cord for deck/roadway. : ’
Figure 2.7 Bridge/Deck and Roadway Data Editor

The first input at the top of the editor is the distance from the upstream side of
the bridge deck to the cross section immediately upstream from the bridge
(cross section 5.41). This distance was determined to be 30 feet from the
USGS atlas. In the next field, the bridge deck width of 40 feet was entered.
Finally, a weir flow coefficient of 2.6 was selected for the analysis. (Additional
discussion of the weir flow coefficient will be presented in the calibration
section.)

The central section of the Deck/Roadway Editor is comprised of columns for
input of the station, high cord elevation, and low cord elevation for both the
upstream and downstream sides of the bridge deck. The data are entered from
left to right in cross section stationing and the area between the high and low
cord is the bridge structure. The stationing of the upstream side of the deck
was based on the stationing of the cross section located immediately upstream.
Likewise, the stationing of the downstream side of the deck was based on the
stationing of the cross section placed immediately downstream.
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If both the upstream and downstream data are identical, the user needs only to
input the upstream data and then select Copy Up to Down to enter the
downstream data.

As a final note, the low cord elevations that are concurrent with the ground
elevation were entered as a value lower than the ground elevation. The
program will automatically clip off and remove the deck/roadway area below
the ground. For example, at station 0, a low cord elevation of 200 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 this 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.
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" “Pier Data Editor

| Add ” C‘;opy ”Deletel Pier# l1 .E E

Canterina Station Upstream 470

Centerdine Station Downstream 470
Skew Angle
Unsgream Downstream

Pier\Width | Elevation | PierWidth | Elevetion |4
1 N25 200 1.25 200
_2___1 25 216 125 216 B
3
4|
5
6
7 : hd
[ 0K l ] Cancel l [ Help HCoprptoDownl

Edit pier widihs and elevations (f) |
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 5.39) 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 470, 490, 510, 530,
550, 570, 590, 610, and 630 for the nine piers. Each pier was set to start at an
elevation of 200 feet (this elevation is below the ground level and the excess
will be removed by the program) and end at an elevation of 216 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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Bridge Culvert Data - Beaver Cr. + Bridge - P/W BEIE

Eile View Options Help
Rivar {BeeverCreek "_'J Apply Data l
Reach: IKSnTWDOd :_VJ RiverSta: 154 vl E@
Description  [Bridge # 1] e
RE§§{‘£9 225 RS=5.4 Upstream (Bridge) _‘_l
Legend i
e 220 T
Pier = .
E 215 Ground
_L ® Ineff
Sloping § 210 L
qu 05 Bank Sta I
2004 —— ———————————— ;
Bridge
Modeﬁng{ 0 500 1000 1500 2000 |
Approach |
Culven o RS=54 Downstream (Bridge) 5
Muitiple | € w20 -
Opening | § 2151
Analysis =
z 2104
Bridge |
Design | 2057
200 T T T .
0 500 1000 1500 2000 f
Station (M) il
o« [—]
| |

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
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program will 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, as 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.

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
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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 1:1 ratio of the
distance from the bridge to the cross section was used. For this example,
section 5.41 is located 30 feet upstream of the 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 2.10.
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.

The left and right ineffective flow stations were entered as 420 and 677 feet,

Ineffective Flow Areas

Select Ineffective Mode

® Normal O Multiple Blocks
Right

Left ,,
Station. © |420 ['5'77_—"
Elevation 121547 1215.?

| 0K ”Cancel”Defaults” Clear l

Figure 2.10 Normal Ineffective Flow Areas
for Cross Section 5.41
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respectively. These values are 30 feet to the left and right of the 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
of 216.7 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 of 215.0 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
simultaneously with flow over the bridge. 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
thé 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 the 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 2.11, the program has the
capability of analyzing low flow with four methods:
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- Energy Equation (Standard Step)
- Momentum Balance

- Yarnell Equation (Class A only)

- WSPRO Method (Class A only)

[Add ][ copy |[Delete] Bridee# [T [3] [4] [*]

" Low Flow Methods
Use Compute
C X Eneray(Standard Step)

O X Momentum CosfDrag Cd |2
€ ¥ Yamell(ClassAonly)  PierShapeK [1.25
- O [T WSPRO Method (Class A only) | WSPRQ Yariables | |
@ HighestEnewqy Answer

o

"High Flow Methods
O\ Enerqy Only (Standard Step)

@ Prassurs and/or Weir
Submerged Inlet Cd (Blank for table) 0.34

Submerged Inlet + Qutiet Cd 0.8
Mex Low Card (Blank for defaulf)

B N e, T

Figure 2.11 Bridge Modeling Approach Editor

The Energy 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
Eguation is an empirical equation based on lab experiments. Finally, the
WSPRO method is an energy based 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 of the different techniques.

2-15




Example 2 Beaver Creek - Single Bridge

o

-16

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 low flow energy grade line is greater than the highest point of the
upstream low cord. Alternatively, the user can set the elevation at which
pressure flow will begin to be checked, instead of the highest low cord value.
This value can be entered as the last input to the Bridge Modeling Approach
Editor (Figure 2.11). For this example, this field was left blank which 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 Figure 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 Data Editor. At this point, all of the bridge data have been
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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."

HEC-RAS

Set Critenia to check for pressure flow

® Upstream energy grade ling
C Upstream water surface

I E& 1 f Cancel l [ Help I

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, 10000,
and 14000 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#1," etc., to "25 yr," "100
yr," and May ‘74 flood," respectively. These names will be used to represent
the flow profiles when viewing the output.

To enter the boundar conditions, the Boundary Conditions button was

Steady Flow Data - Beaver Cr. - 3 Flows =1 B3 ’
File Options Help
Enter/Edit Number of Profiles: l3 Reach Boundary Conditions ' Apply Deta l
Lacations of Flow Data Changes
River. !Beaver Creek _‘j
Reach: [Kentwood ~] RiverSta: [5.93 ~] Add AFiow Change Location |
Prafile Names and Flow Riates
River Reach RS 25 yr 100yr  |May'74fload

1 |BeaverCreek 5.99 5000: 10000 14000

[Kentwood

Observed Water Surfaces Entered

[Edit Steady flow data for the profiles (cfs)

Figure 2.13 Steady Flow Data Editor
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selected and this resulted in the display shown in Figure 2.14. For this
example, a subcritical analysis was performed. Therefore, a downstream
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.

Steady Flow Boundary Conditions

@ Setboundary for all profiles " Setboundary for one profile at a time
Known W.S. CiicalDepth | . NomnalDepth | RatingCurve | Delete |
River Reach Profile Upstream . Downstream
Beaver Creek Kentwood all Known WS
OK Cancel Help
Select Boundary condition for the downstream side of selected 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 of 209.5, 210.5, and 211.8 feet were entered for the
flows 1, 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. This completed the necessary input for the flow data
and the steady flow data was then saved as "Beaver Cr. - 3 Flows."




Example 2 Beaver Creek - Single Bridge

HEC-RAS

Set known water surfaces for flows.

Flow (cfs) Known WS EI (f)
1. 5000 209.5
2 10008 2105
3 14000 211.8

f/ OK ‘_ ” Cancel i

Figure 215 Known Water Surface
Boundary Conditions

Pressure/Weir Flow Simulation

To perform the steady flow analysis, from the main program window Simulate
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.

Y Steady Flow Analysis - 0] %]
File Qptions Help

Plan: [Press/Weir Method ShortID ’Press/Weir

Geometry File: IBeaver Cr. + Bridge - P/W

el fe

Steady FlowFile:  |Beaver Cr.- 3 Flows

—FlowRegime—— pjan Description :
&+ Subcritical
" Supercritical
 Mixed

(]

[ COMPUTE

Enter to compute water surface profiles ]

Figure 2.16 Steady Flow Analysis
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Elevation (ft)
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Select Options and then ensure that there is a check mark "v" in front of
Check data before execution. This will cause the program to check all of the
input data to ensure that all pertinent information was entered. Next, the
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 profiles. (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 for 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 (10000 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 - Example 2 Press/Weir Method

Geom: Beaver Cr. + Bridge - PW  Flow: Beaver Cr. - 3 Flows

Legend
s —————
WS May '74 flood |
| —m——
| WS 100 yr

..... Vo = = = =

Crit May '74 flood

| Crit 25 yr ‘
—e -
Ground

0 1000 2000 3000 4000 5000 6000
Main Channel Distance (ft)
Figure 2.17 Profile Plot for Pressure/Weir Analysis
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= Profile Output Table - Bridge Only
File Options Std Tables UserTables Help

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 Figure 2.18
shows the energy grade line elevation of the 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¥or the first two profiles and then for the third flow
profile.

BER|

HEC-RAS Flan: Press/VWeir River. Beaver Cieek Fieach: Kentwood

Reach |RiverSta | EG.US. |MinElPrs |BR Open ArealPrs OWS | QTotal {MinTopRd] QWeir |DeltaEG
® M (sqf) (f ) [ @ (cfe) )
Kentwood [5.4 21331 215.70 1600.36 5000.00 216.93 0.26
Kentwood |5.4 215.66 215.?0 1600.36 10000.00 216.93 0.55
Kentwood 5.4 217.68 215.70 1600.36 221.60 14000.00 21693 305968 - 167

Energy grade elevation at bridge or culvert (final answer).

Figure 2.18 Bridge Only Summary Table for Pressure/Weir Flow

First and Second Flow Profiles. The first (5000 cfs) and second (10000 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 of 213.31 and 215.66 feet,
respectively.
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EE Profile Output Table - Bridge Comparison
File Options Std. Tables UserTables Help

HEC-RAS Plan: Press/MWeir River. Beaver Creek Reach: Kentwood

Reach = |RiverSta | E.G.US. | W.S.US. [Br Sel MthdlEnergy EGIMomen. EGlyamell EGIWSPRO EG| Prs O EG [Prs/WrEG
() (t) B () (t) (t) (t)

Kentwood {54 . 213.31i. 213.03 Energy 213:31 213.28 213.10

Kentwood |5.4 21566 21505  Energy  215.66 21564  215.27

Kentwood 5.4 217.68 217 44 Press/\Weir 217.37 216.61 216.64 22166 21768

« | >

Energy grade elevation at bridge or culver (final answer).

Figure 2.19 Bridge Comparison Table for Pressure/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 3100 cfs of the total flow
was weir flow. The remaining flow, approximately 10900 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

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
for 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, Simulate and then Steady
Flow Analysis 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
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entered as "Energy" and the options were saved as the plan "Energy Method."
Finally, COMPUTE was selected to perform the steady flow analysis.

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 217.37 feet.

i Profile Output Table - Bridge Comparison

File Options Std. Tables UserTables Help
HEC-RAS Plan: Energy River. Beaver Creek Reach: Kentwood

Reach |RiverSta | E.G.US. | W.S.US. |Br Sel Mthd|Energy EG[Momen. EGlYamell EGIWSPRO EG| Prs O EG [Prs/WrEG
o1 ® Ew . o m @ ® 1 ®

Kentwood |5.4 213.31 213.03 Energy 213.31 213.28 213.10

Kentwood |5.4 215.66 215.05 Energy 215.66 215.64 219.27

Kentwood |5.4 217.37 217.09 Energy 217.37 216.64

< | »

f |
Energy grade elevation at bridge or culvert (final answer). ' ‘ ]
, , i

Figure 2.20 Bridge Comparison Table for Energy Method Analysis

Evaluation of Cross Section Locations

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 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.
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Expansion Reach Length

The expansion reach length, L., 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
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 analysis, it is recommended to use the
regression results from the US Army Corps of Engineers (USACE) study
[HEC-1995]. The results of the study suggest the use of Equation 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:

— F —
L, = (ER) (D), = -298 + 257 ( 5'39] +0.918 (Lobs) +0.00479Q - (2-1)
5.29

where: L, = expansion reach length, ft
ER = expansion ratio
Fss9 = main channel Froude number at the cross section

immediately downstream of the bridge (cross section
5.39 for this example)
Fspg = main channel Froude number at the cross section of
fully expanded flow (initially cross section 5.29 for
this example)

Ly = average length of obstruction caused by the -two bridge
approaches, ft
Q = total discharge, ft*/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 total discharge, Q, is 14000 cfs for the high flow event. From the
initial analysis, the values of the Froude number at cross section 5.39 was 0.37
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, L., 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

2-24




Example 2 Beaver Creek - Single Bridge

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 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 of
278 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 2-1.) 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 of 778 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 4:1 and
should not be less than 0.5:1. For this example, the final expansion ratio was
ER = (778) / (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.
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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, respectively.
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
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, L, 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:

n
c

T FS 39 Q b ’
L, = (CR) (L) = 263+38.8| 22| +257| =2| -58.7
529 Q

ﬁ) " 0161 (Cy) 22

where: L, = contraction reach length, ft

CR = contraction ratio

Feyy = main channel Froude number at the cross section
immediately downstream of the bridge (cross section
5.39 for this example)

Fspo = main channel Froude number at the cross section of
fully expanded flow (initially cross section 5.29 for this
example)

Qp = discharge conveyed in the two overbanks at cross
section 5.44, cfs

Q = total discharge, ft'/s

Ny, = Manning n value for the overbanks at section 5.44

n, = Manning n value for the main channel at section 5.44
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From the field data and the results of the initial analysis, the Froude numbers at
sections 5.39 and 5.29 were 0.37 and 0.30, respectively, the total over bank
flow at cross section 5.44 was approximately 9780 cfs (an average of 9880 for
the pressure/weir flow and 9685 for the energy method), the total flow was
14000 cfs, the weighted n value for both of the 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 447 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 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 final 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) / (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 values as determined by the USGS and the
traditional USACE methods.
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Table 2.1 Expansion and Contraction Reach Length Determinations

Expansion or Contraction Reach Length Determination Method

USGS

Traditional Initial Placement = HEC-1995 HEC-1995
USACE from field data 1st iteration 2nd iteration

200
200

2964 500 770 747
740 170 478 499
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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:

_ Dob F5.39
C, = -0.09 + 0570 [ —=| + 0,075 | 22 (2-3)

c F5.29

where: C, = expansion coefficient
Dy = hydraulic depth (flow area / top width) for the overbank
at cross section 5.29
D, = 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, this coefficient was reevaluated for each iteration. For the final
value, the hydraulic depth in the overbank at cross section 5.24* was 4.11 feet
(an average of 5.06 and 3.16 feet for the LOB and ROB, respectively, with the



Example 2 Beaver Creek - Single Bridge

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 contracting between 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 0.3 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.

Model Calibration

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 1226.28, 9664.29, and 3109.44 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 column, the
weir flow is listed as being 3056.65 cfs. This is the total weir flow occurring
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over the bridge. This value should be approximately equal to the total flow in
the LOB and ROB of river station 5.41 of 1226.28 + 3109.44 = 4335.72. 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. The total weir flow was computed as being 3056 cfs, a
close approximation to the estimated weir flow.

EE Cross Section Output

File Type Options Help
River: |Beaver Creek ] Profile: lMay 74flood 'l
Reach: lKentwood _:j Riv Sta: [5‘41 , v{@m

Plan: PAw+Newlele River Beaver Creek ReachKentwood RivSta: 541 Profile: tMay '74 flood
W.S. Elev (ff) 217.421 Element LeftOB | Channel | RightOB
Vel Head (f}) 0.24] Wt n-Val. D214 0.040 0.150
E.G. Elev(ff) 217.66| Reach Len. (f) 30.00 3000  30.00
Crit W.S. (f) 212.22| Flow Area (sq ff) 222476 2046.05  4689.74
E.G. Slope (ft/fl) 0.000729} Area (sq ft} 2224.76 2046.05. 4689.74
Q Total (cfs) 14000.00} Flow (cfs) ' 1226.28 9664.29  3109.44
Top Width (ft) , 1846.93} Top Width (f) | 44898 197.000 1200.95
Vel Total (ft/s) 1.56} Avg. Vel. (ft/s} 0.55 472 0.66
Max Chl Dpth (ft) 14.72] Hydr. Depth (ff) 496 10.39 3.91
Conv. Total (cfs) 518453.5} Caonv. (cfs) 454119 3578916 1151500
Length Wid. (ft) 30.00} Wetted Per. {ft) 449.17 200.25. 1201.80
Min Ch EI (ff) 202.70} Shear (lb/sq fi) 0.23 0.47 018
Alpha 6.36f Stream Power (Ib/ft s) 0.12 2.20 0.12
Frctn Loss (ff) , Cum Volume (acre-ft) 4053 41.98 196.98
C&E Loss (ft) Cum SA (acres) 10.48 493 65.38

Errors, Wamings and Notes

iCalwIa.ted water surface from energy equation.

| ..

Figure 2.21 Cross Section Table For Plan: P/W New LeLc

To obtain this close approximation, the weir flow coefficient was set to a value
of 2.6 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 caused the water surface profile and the amount of weir flow to closer
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approximate the observed data throughout the river reach. It should be noted
that the n values were raised on a global scale. Individual 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.

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 5.41 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 previously 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 elevation, 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 downstream area
should be considered as effective flow. Therefore, the ineffective flow
elevations were lowered to allow the weir flow that entered cross section 5.39
to become effective.

These calibrations were performed because the actual flow depths for the event
were known. If these actual data were not known, then the adjustment of the
Manning’s n values, pressure flow coefficients, and weir flow rate could not be
conducted to the refinement 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.
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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 Flow 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: 1) Variables - select to display the water surface and
observed water surface; 2) Profiles - select 1,2, and 3; and 3) Plans - select
both the "Energy Method: New L, L_ " plan and the "Pressure/Weir Flow:
New L, L." 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 Options menu can be used to obtain a
closer view of the profiles.

Observed Water Surfaces

River |Beaver Creek B3 | Delsts Row |

Reach: iKentwood l_ﬂ River Sta.: l5.99 Li__” Add an Obs. WS Location ]

Ohseved Water Suraces

River Reach RS 100yr  |May'74fiood} ,
2 |BeaverCreek  |[Kentwood 5.875* 219.2 ]
3 |Beaver Creek Kentwood 5.76 218.4
4 |BeaverCreek Kentwood 5.685" ; 218.3
5 |Beaver Creek Kentwood 561 218.1
6 |BeaverCreek  [Kentwood 5.44 _ 217.9 e
- W

Figure 2.22 Observed Water Surface Editor
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Single Bridge - Example 2 1) P/W+NewlLelc 2/6/1998 2) En.+New LeLc 2/6/1998

Geom: Bvr.Cr.+Bridge - P/W: New Le, Lc  Flow: Beaver Cr. - 3 Flows
Kentwood »{

220 ‘f.{ " Legend
%{/&;/ - WS May 74 flood - P+ NewLeLc
R R & 5 ay d - PW-+
%‘Z’l ‘:_/’%4//‘// _x WS May 74 flood - En.+New LeLc
| : a gyl o WS 100 yr - En.+New LeLc
4 e ,/«/// - WS 100 yr - P/W+NewlLelLc
215 | > /‘?///// 1 //// WS 25 yr - P/W+NawLaLc
‘ B — ‘ —* WS 25yr- En+New LaLc
¢ = P Grz;nd
¥ - e - Obs WS May 74 figod - PW-+NewLelLc
P Sé 3 Obs WS May 74 flood - En=New LeLc
£ 2107 ‘ .
c ] <4
S ‘ l e
© .
>
2 — = I
L 205 | e
-/
P
200 =—u
195 f T = = = T ] I S T
0 1000 2000 3000 4000 5000 6000

Main Channel Distance (ft)

Figure 2.23 All 3 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 vicinity 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 of the 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

Pressure/Weir Energy

Cross Section Calculated Absolute Calculated Absolute | Observed

7 : Error Error
5.99 220.00 0.00 219.95 -0.05 220.0
5.875% 218.99 -0.21 218.87 -0.33 219.2%*
5.76 218.45 0.05 218.29 -0.11 218.4
5.685% 218.22 -0.08 218.03 -0.27 218.3
5.61 218.08 -0.02 217.88 -0.22 218.1
5.49% 217.90 0.00 217.66 -0.24 217.9
5.41 217.42 -0.38 217.11 -0.69 217.8%*
5.40 - Br Up 217.42 215.86 NA
5.40 - Br Dn 217.42 215.26 NA
5.39 215.62 0.42 215.62 0.42 215.2%*
5.24* 214.64 0.04 214.64 0.04 214.6
5.13 213.33 -0.27 213.33 -0.27 213.6
5.065 212.54 0.04 212.54 0.04 212.5
5.00 211.80 0.00 211.80 0.00 211.8

Summary

This example demonstrated the use of HEC-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-601. 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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EXAMPLE 3

Single Culvert (Multiple Identical Barrels)

Purpose

This example is designed to demonstrate the use of HEC-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 multiple 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 combine these culverts to be categorized as
one culvert ID with multiple identical barrels. For a given culvert ID, the
program can analyze up to 25 identical barrels. This example will analyze a
single culvert 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 : "Spring Creek Culverts"
Geometry : "Multiple Pipe Geometry"
Flow : "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 of the 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 20.237 during the procedure of this

example.

Geometric Data - Multiple Pipe Geometry
File Edit View Tables Options Help

[ 3 |

River 20535
Reach -
—
Junct.
®

Cross
Section

Brdg/Culv

=' Culvrt Reach

Inline Weit
Spillw ay

h==4

View
Picture

20.000

=l

]

B

Figure 3.1 River System Schematic For Spring Creek

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
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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 thel ocations along the width of the cross
section where the n 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. The n 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.

Cross Section Data - Multiple Pipe Geometry E3
Exit Edit Options PRlot Help

River: [Spring Creek j 2Aoply Data l

Reach: [CubtReach ~] Riversta.: [20238 ~1[][1]

Description ’River mile 20.238 - Upstream end of culvert E]

Cross Secton X-Y Coordinates Downstream Beach Lengths

Station [Elevation| nVal | 2] LOB Channel ROB

1 856 36.1 0.1 i

2 |917 327

3 [972 309 0.04

T 986 95 1 LOB Channel ROB

5 993 251 [HiA [riAs NiA

6 1007 25.1

7 1013 25.1

8_ 1027 3 0.1

9___ 1085 332

10 (1150 372

11 Contraction Expansion

12 <] 03 05

Normal Ineffective Flow Areas

Edit Station Elevation Data (ff

Figure 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 1027
feet. Finally, the contraction and expansion coefficients were entered as 0.3
and 0.5, respectively. These coefficients are used by the program to 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
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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 define 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 cross sections in the
vicinity of a culvert or bridge. For this example, the ineffective flow option
was used at river station 20.238 (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
areas are set on a 1:1 ratio to the distance from the opening. When the culvert
data are entered, the centerline stations of the two culverts will be 996 and
1004 feet and each culvert will be 6 feet in diameter. Therefore, the left edge
of the opening is at station 993 and the right edge is at station 1007. Using the
1:1 ratio, the left ineffective flow station was set to be equal to 5 feet left of the
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 1012 feet for the left and right stations, respectively. Finally, the elevation
of the ineffective flow area was set to be equal to 33.7 feet, a value 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 of 991 and
1009 (since this cross section was only 2 feet downstream of the culvert outlet)
and at an elevation of 33.3 feet. The location of these ineffective flow areas
will be discussed further during the analysis of the output. Typically, the
culvert information may be entered first and then the modeler can enter the
location of the ineffective flow areas more readily with the location of the
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
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placement of the cross sections as obtained from the field data available for the
analysis. (The figure does not show the inclusion of river station 20.208*
which will be added subsequently.)

3 Ineffective Flow Areas

C Multipla Blocks
f Left

Right
Station 368 11012
Elbveatitn |33.7 |33.7

|

oK I Cancel l | Defaults I ! Clear l

Figure 3.3 Ineffective Flow Editor at

River Sation 20.238
Edit Downstream Reach Lengths
e o8] [2]m]e]
Reach: |Culvit Reech ||
Selected Area Global Edits
Muliply Factor
River Sta LOB | Channel | ROB
1 20535 650 1600 500
2 20.422 650 600 500
I3 20.308 300 300 350
4 20.251 70 70 70
; 5 20.238 57 57 57
} B 20.237 Culvert
‘ 7 20227 100 100 100
B [ 20.208* 100 100 100
& G 20.189 600 500 550
|10 20.0%5 500 500 450
| it 20.000 0 0 0
|

Figure 3.4 Reach Lengths Table For Spring Creek

The placement of the cross sections relative to the location of the culvert is
crucial for accurate prediction of expansion and contraction losses. The culvert
routine (as does the bridge routine) utilizes four cross sections specifically
located on both sides of the 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
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immediate downstream and immediate upstream cross sections from the
culvert.) The following is a brief summary for determining the 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 (L,), 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:

n/n, = 0.1/0.04 = 25

b/B = 14/145 = 0.10

S = (0.20/200)*5280 = - 5.28 ft/mile

Leye = [(993-925)+(1070-1007)]2 = 70 ft

where: ng, = Manning's n value for the overbank at cross section

20.251

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

b culvert opening width, ft (m)

B = total floodplain width, ft (m)

S = slope, ft/mile

Les = average length of the side obstruction, ft

Substitution of the field data yields the results as shown 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 (L,) divided by the average
length of obstruction (L,,). For this example, an average value of 1.4 was
initially used for-the expansion ratio. Therefore, the expansion reach length
will be the expansion ratio times the average length of obstruction:

L.

]

(ER) L) = (1.4) (70) z 100 ft
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From the initial values of the cross section locations, the expansion reach length
is the distance from cross section 20.227 to 20.189. This distance is initially
set at 200 feet. From the above analysis, it was determined that the distance
should be approximately 100 feet. Therefore, an additional cross section was
placed 100 feet downstream from cross section 20.227.

To produce this cross section, field data should be utilized. If this data is not
available, then the program has the ability to interpolate a cross section. From
the Geometric Data Editor, Options, 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 20.189 as being the lower river station).
The maximum distance between the interpolated cross sections was set to be
100 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 (100 ft) was equal to one half the previous reach length (200 ft).

XS Interpolation - Multiple Pipe Geometry |
River: ]Spring Creek j Upper Riv Sta: W——E’ E”Z]
Reach: |Culvit Reach ~| LowerRivSta: Bosss
Distance BeweenXS's  [fo0
Max Distance (ff) W Delete Interp l Interpolate ]

Close I Help ‘

Enter max distance wanted between interp. sections. E

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 20.189 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 previously 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 culvert
geometry onto the third cross section to develop a cross section inside the
culvert at the upstream end.

Fourth Cross Section. The fourth cross section is located upstream from the
culvert where the flow lines are parallel and the cross section exhibits fully
effective flow. The distance between 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
to determine the contraction reach length. To utilize this method, an initial
length was estimated from values obtained in Table B.2 in Appendix B of the
Hydraulic Reference Manual. - To use this method, the following criteria
were necessary:

0.1/0.04 = 2.5

n,,/n,
S 0.20/200%5280 5.28 ft/mile

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

80 ft

u

L. = (CR) L) = (1.15)(70)
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 of this 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 20.237. 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 of these 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 immediately upstream of the culvert (cross section 20.238
for this example). This distance was set at 10 feet. The next field is the width
of the roadway. For this example, this distance was 40 feet. The program will
then add the 10 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 of
deck/roadway 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 of 2.6 was selected as the weir coefficient for the roadway. This value
may be changed to account for 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.




Example 3 Single Culvert (Multiple Identical Barrels)

3-10

DeckiRoadway Data Editor

Upstream Downstream
Station |High Cord| Low Cord | Station |High Cord | Low Cordl| 4
1 (856 :36.1 856 J6.1
2 017 3438 917 348 e
_3_‘____972 339 972 339
i_993 338 993 338
5 [o07 338 1007 338
6 [1027 317 1027 337
7 _[ioss 387 1095 357
8 |1150 37.2 1150 372
i 4]
U.8 Embankment 88 |2 D.S Embankmant SS 12
“Weir Data
Max Submergence: 0.95 Min Weir Flow El: 33.7
Weir Crost Shape
® Broad Crested
C Oges
[ ok ]| cancet || coar ][ copyuUptopown |
[Enter station, high cord andl low cord for deck/roadway.

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
program 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 locations of 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 of
the 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.

I I By B b 4 IS En B Er el am
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The second field is the Minimum 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 entered, 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 centerline). If any of the culvert parameters 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 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 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 shape. To select the shape, press the
down arrow on the side of the shape field and highlight the desired shape.
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Culvert Data Editor

| Add || Copy | [Delete |CubeniD  [Cubvert# [2]

Solution Criteria lHighestU.S. EG I_i_] | Rename lm

Shape |Circular Span I Diam B

Chant# I 1 -Concrete Pipe Culvert Li_]

Scale # Ii - Sguare edge entrance with headwall Li_]

Distance to Upstm XS 5 # identical barrels : E

Culver Length 50 Centerline Stations

Enfrance Loss Coelt 05 Upstrsam |Downstream| +

: - 1 199 1995

Exnigss tont 2 |1004 1004

n-Vvalus 0.013 3

Upstream Invert Elev. 25.1 ;

Downstream inver Elev. |25 e +
|7 ok o [ canceti | R ]

Enter the culverts centerline stations (ff)
Figure 3.7 Culvert Data Editor

Diameter, Rise, or Rise and Span - Depending on the shape of the culvert, the
modeler must enter the inside dimensions of the 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 Chapter 6 of
the Hydraulic Reference Manual.) For this example, the circular culvert was
set to have a diameter of 6 feet.

Chart # - Each culvert 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 "1 - Concrete Pipe Culvert."

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."

3-12
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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 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 of the 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 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.

n - Value - This field is used to enter the Manning's n value 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 judgement
of the culvert condition. For this example, a Manning's n value of 0.013 was
used for the concrete culvert.

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
invert elevation. For this example, the upstream invert was set at an elevation
of 25.1 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 are based upon
the X-coordinates of the upstream cross section (20.238) and the downstream
centerline are based upon the X-coordinates of the downstream cross section
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(20.227). This example employs two culvert barrels, with the centerline of the
barrels occurring at stations 996 and 1004 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 of 2 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 shown in Figure 3.8. The geometry data editors were then closed
and the geometry was saved as "Multiple Pipe Geometry."

Bridge Culvert Data - Multiple Pipe Geometry [_ O] x]
File View Options Help
River: ]Spn’ng Creek _v_l Apply Date '
Reach: [Culvit Reach =] Riversta: [e0237 v[[gE]
Description ITwin Circular Pipe Crossing g
Rgﬁ’iyl 25 RS=20.237 Upstream (Culverl) =
Legend
= 367
Per & 343 Ground
k S 324 e
T 309 Ingrf
oy LR Bank Sta
264
Bridge 550 300 350 1000 1050 1100 1150
Modeling] |
Approach
Culvert ¥ 181 RS=20.237 Downstream (Culverf)
< 363
gluklple € 344 |
pening § 5 3 ‘
Anaysis |2 32 |
> 307 f i
Bridge |5 283 i \
Design 26 : 1
24 T T T T T 1
850 900 950 1000 1050 1100 1150 ‘
Station (f) i ’
<] ’ e
t . 1123.13,3275 |

Figure 3.8 Bridge/Culvert Data Editor For Spring Creek
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Steady Flow Data

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 Editor 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 of 250, 400,
and 600 cfs. Additionally, the profile names were changed to be "5 yr," "10

yr," and "2

Steady Flow Data - Multiple Pipe Flow Data

—

File Options Help

Enter/Edit Number of Profiles:

5 yI‘."

Locations of Flow Data Changes

River: [Spring Creek

-

Reach: |Culit Reach

River

_Flow Change Localion

Reach

Reach Boundary Conditions l Apply Dafa ]

o]

Syr

;]RiverSta: |20.535 'l Add A Flow Change Locationl

10 yr

25 yr

1 |Spring Creek

Culvrt Reach

250

400

600

[Edit Steady flow data for the profiles (cfs)

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
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Chapter 7 of the User's Manual and Chapter 3 of the Hydraulic Reference
Manual. From the Boundary Conditions Data Editor, the boundary
conditions were entered by first selecting the Down Stream field and then
Known W. S. This activated the known water surface boundary condition
window as shown in Figure 3.11.

Steady Flow Boundary Conditions
® Setboundary for all profiles C Setboundary for one profile ata time
| knownws. | | citicaiDepth | | NomeiDepth | | RatngCuve | |  Delete |
River Reach | Profile Upstream | Downstream
Spring Creek CulvtReach| all _ Known'Ws
ok || Ccancel Help |
' |Select Boundary condition for the downstream side of selected reach. : : I

Figure 3.10 Boundary Conditions Data Editor

Setknoven water surfaces for flows.

Flow(cfs)  [Known WS El {f))
1 250 29.8
2 400 31.2
3 - 60O 319

OK ” Cancel 1

Figure 3.11 Known Water Surface
Boundary Conditions

As shown in Figure 3.11, 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 of 29.8, 31.2, and 31.9 were entered for the flows of
250, 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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Steady Flow Analysis

To perform the steady flow analysis, from the main program window Simulate
and then Steady Flow 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 analysis was selected in the lower left corner
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 the Options menu, ensure that there is a "v/" 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.

Bl steady Flow Analysis
File Options Help

Plan: Spring Creek Culverts

ShortID

=l B3

IBase Plan

Geometry File : lMuktiple Pipe Geometry

SteadyFlowFile:  |mMultiple Pipe Flow Data

—Flow Regime ——
¢ Subcritical
| € Superciitical

Plan Description :

3|
¥

s C Mixed

Enter to compute water surface profiles

Figure 3.12 Steady Flow Analysis Window
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Output Analysis
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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.

Expansion and Contraction Reach 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 initial values. 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 location where the flow became fully
expanded. To evaluate the location of this 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 = _Le = 0.421 + 0.485 [M + 1.80x107°(Q) (3-1)
L obs 20.208
where: ER = expansion ratio

L, = expansion reach length, ft

Le = average length of side obstruction, ft

Forori = main channel Froude number at the cross section
immediately downstream of the culvert (cross section
20.227 for this example)

Faoose = main channel Froude number at the cross section of
fully expanded flow (cross section 20.208* for this
example)

Q = total discharge, ft*/s

(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
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determined previously from the table values. With this new expansion ratio,
the expansion reach length is:

L, = (ER) (L) = (151)(70) = 106 ft

Additionally, the expansion ratio has a standard error of 0.26. Using the range
of the ER from 1.25 (= 1.51 - 0.26) to 1.77 (= 1.51 + 0.26) yields an L, 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
100 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-1995] was utilized. This equation is used
when the floodplain scale and dischargers are significantly different than those
used in the regression analysis and is:

2 05
= 1.4 - 0.333 (&2_27_] + 1.86 [ Q°b) - 0.19 (ﬁ (3-2)
20.208+ Q n,
where: CR = contraction ratio
L. contraction reach length
Qp = discharge conveyed by the two overbanks at cross
section 20.251, cfs
Q = total discharge, cfs
N, = Manning's n value of the overbanks at cross section
20.251
n, = 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 0.309.
The standard error for this equation is 0.19 which yields a range of the CR
from 0.20 to 0.58. From the results 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:

L, (CR) Ly) = (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 27 feet.

Channel Contraction and Expansion Coefficients

The coefficients of contraction (C,) and expansion (C,) 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.

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

D E
C, = -0.09 + 0.570 [ °b) + 0.075 [ M) (3-3)
D, 20.208+
where: C, = coefficient of expansion
D, = hydraulic depth (flow area divided by the top width) for
the overbank at cross section 20.208*
D. = 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 channel 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 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 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.
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Contraction Coefficient. From the research document [HEC-1995], the
contraction coefficient is obtained by first determining the relationship:

b/B = 14/145 = 0.10
where: b = culvert opening width, ft (m)
B = total floodplain width, ft (m)

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 Profiles

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 for all three flow
profiles (the variables can be selected from the Options menu). As can be
seen in the figure, the first flow of 250 cfs was able to travel through the
culvert without submerging the entrance. The second flow (400 cfs) caused
the headwater and tailwater to submerge the entrance and exit of the culvert,
respectively. Finally, the third flow (600 cfs) caused an overtopping of the
roadway which yielded weir flow.

--. Profile Plot - Warning Geometry is newer than output.

File Options Help
Twin Circular Pipe - Example 3 Spring Creek Culverts ;J
Geom: Multiple Pipe Geometry  Flow: Multiple Pipe Flow Data
354 Culvt Reach >
Legend
e e
347 EG 25 yr
1 N S
324 = WS 25 yr
£ I N — EG 10 yr
= 307 —
S WS 10 yr
= e
3 281 EG 5yr
LU I
: WSSyt
] Ground
241
22 T T — T T " T T 1
0 500 1000 1500 2000 2500 3000
Main Channel Distance (ft) 231412,2947 |«
1 i
Figure 3.13 Water Surface Profiles For Spring Creek Culverts
3-21




Example 3 Single Culvert (Multiple Identical Barrels)

3-24

E: Culvert Output
File Type Options Help

River. |Spring Creek ] Profile:  [e5yr ~] cuiveriD [Cutvert#1 -]
Reach: [Culvt Reach ] rivste: [20237 -1[s](1]
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Delta EG (ft) 1.94|| Culv Ent Lss {ff) 0.74
E.G.IC(f) 32.67|| Q Weir (cfs) 64.01
E.G.OC(ft) 34.30| Weir Sta Lft (ft) 947.82
Culv WS In (ft) 31.10{ Weir Sta Rgt () 1047.24
Culv WS Out (ft) 31.00) Weir Submerg 0.0
Culv Nml Depth (ff) ‘Weir Max Depth (ft) 0.60
Culv Crt Depth (ff) 4.48|l Weir Avg Depth (f) 0.39
Culv Ful Lngh {ft) 50.00|| Min Top Rd (ff) 33.70
Errors, 'Warnings and Notes

Note - The culvert inletis submerged and the culvert flows full over pant or all of its length. Therefore,

the culvert inlet equations are not valid and the supercritical result has been discarded. The

outlet answer will be used.

iFlow over the weir.

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 station
20.227 was analyzed. Since there was not any flow in the overbanks, the
ineffective flow elevation was lowered from 33.3 to 32.0. This will allow for
the flow coming over the weir to become active at this downstream cross
section. The elevation of 32.0 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 elevation 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 values in the overbanks were raised from 0.1 to 0.4.
Additionally, at river station 20.227, the Manning's n values for the overbanks
were decreased from 0.10 to 0.06. Since the n value is inversely proportional
to the flow rate, the increase in n value at river station 20.238 will cause a
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Example 3 Single Culvert (Multiple Identical Barrels)

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 this 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 74.10 cfs, as shown in the Culvert Table of Figure 3.16.
This weir flow occurred from X-coordinates of 945.13 to 1048.75, a distance
of 103.62 feet. As calculated previously, the approximate portion of this weir
flow that occurred from 945.13 t0 972 is :

(972.00 - 945.13) / (103.62) * (74.10) 19.2 cfs

Similarly, the portion of the weir flow from 1027 to 1048.75 was
approximately 15.6 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 6.93 and the flow in the ROB
was 5.60 cfs. These values are approximately equal to the portions of the weir
flow values as determined above. Therefore, these flow rates were considered
as being balanced with the weir flow. If the flows in the 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.

At river station 20.238, the flow in the left and right overbanks were 9.91 and
9.35 cfs, respectively. These flow rates were considered to be reasonably in
balance with the portions of the weir flow. If 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
do not exactly match the portions of the weir flow as calculated above. An
exact match is not 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. If observed high water marks were available, the
modeler could make adjustments to the data to more accurately predict the
actual water surface elevations.
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3-26

B Flan: Adj.  River Spring Creek  Reach:Culvrt Reach Riv Sta: 20237  Profile: 25wr CubsertID: Culvert#1

E: Culvert Output =10 x|
File Type Options Help

River. ISpring Creek :_J Profile: !25yr 'l CulvertiD 'Culvenm v[
Reach: [Culvit Reach ~]Rivsta:  [20237 ~1[s](1]

Culv Q {cfs) 525.90§ Culv Vel n (ft/s) 9.30
# Barrels 2} Culv Vel Out (ft/s) 9.30
Q Barrel (cfs) 262.95j Culv Inv Ef Up (ft) 2510
W.S. US. (f) 34.31) Culv Inv El Dn (f9) 25.00
E.G. US. (ft) 34.34} Culv Frctn Ls (ff) 0.19
Delta WS (ft} 2.18)f Culv ExtLss (ft) 1.29
Delta EG(ft) 2.154 Culv EntLss (ff) 0.67
E.G.IC(fY) 32.54 Q Weir (cfs) 74.1
E.G.OC(ft) 34.34) Weir Sta Lt (ft) 945.13
Culv WS In (ft) 31.10 Weir Sta Rgt (ft) 1048.74
Culv WS Out (it} 31.00§ Weir Submerg 0.04
Culv Nml Depth (i) Weir Max Depth (i) 0.64
Culv Crt Depth (ff) ) 4.44} Weir Avg Depth (ff) 0.41
Culv Ful Lngh (ff) 50.00 Min Top Rd (ft) 33.70
Errors, Warnings and Notes

Note - The culvertinletis submerged and the culvert flows full over part or all of its length. Therefare,

the culvert inlet equations are not valid and the supercritical result has been discarded. The

outlet answer will be used.

Flow over the weir.

1

Figure 3.16 Culvert Table for Adjusted 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 from 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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® X-Y-Z Perspective Plot [_ | O] X] |

File Options
River Sta.Start: [20535 ] E]E R J ol -l
] -35
River Sta. End: |20.000 - RotationAngle
Azimuth Angle 15 "

s —r_ 4

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

Summary

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 identical barrels.
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Example 4 Multiple Culverts

EXAMPLE 4

Multiple Culverts

Purpose

This example is designed to demonstrate the use of HEC-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 culverts, 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 : "Spring Creek Multiple Culverts"
Geometry : "Multiple Culvert Geometry"
Flow : "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 [ (O] ]
File Edit View Tables QOptions Help
River 20535 =]

Reach /
—

Junct.
®

Cross
Section

Brdg/Culv Culvrt Reach

Inline \Weir
Spillw ay

b=

View
Picture

20.095

N\, - 20000 || |

< <5
; & . \ 57,70 |

Figure 4.1 River System Schematic For Spring Creek

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
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 flow areas for the cross sections in the vicinity of
the culvert were adjusted after the additional culvert information was added.
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Expansion and Contraction Reach Lengths

The placement of the 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.

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/Culvert Data Editor select the Culvert icon. This will activate the
Culvert Data Editor and display the data for culvert #1 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 corner 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

| Add ]| Copy | | Delete | CulvertID |Circular

Solution Criteria IHighEsIU.S. EG Lﬂ | Renema l m E
Shape ICI'YCUW I] Span I Diam IB

*
+
+

EX
Chart # |1 - Concreta Pipa Culvert ]._’
E

Scals # l1 - Squars edgs entrancs with headwall

Distance to Upstm XS 5 #identical barels: E—_——'
Culvert Length 50 Centerline Stetions
Entrance Loss Coeff 05 Upstream |Dawnstream| +
: — Lo 1936

Exit Loss Cosff 2 [1004 1004
n-VYalue 0.013 3
Upstream Invert Elev. 25.1 4 |

5
Downstream InvertElev. |25 r +

’ OK H Cancel l[ Help l

Enterthe cubverts cantarline stations (fl)
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 additional fields of the Culvert Data
Editor will be described as follows.

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 culvert shape is chosen from the eight available shapes: circular,
box, elliptical, arch, pipe arch, semi-circle, 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 desired 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 Hydraulic Reference Manual.)
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e T

[ Add || copy | |Delete Jcuverntip  [Box
Solution Citeria~~ [HighestUS.EG | #] | Renams

Chart# |1 0- 90 degree haadwall Chamtered or bevelad inlst

Scale # l2 -Inlst edges beveled 1/2 inch at 45 dagrass (1:1)

E|
(2] [1]
Shape IEOX |:l Span |5 Rise I3
3
|
e

Distance to Upstm X3 5 #identical barrels :
Culvert Length 50 Centerline Stations
Entrance Loss Coeff 02 Upstreem _|Downstrs
L [ j9g8s
S ' B lioms s [T
n-Value 0.013 B
Upstream Invert Elev. 28.1 4|
5
Downstream InvertElev. |28 e T
ok ] 7 cancai | [0 Fep ]

Enterths culverts cantarline stations (ft)
Figure 4.3 Box Culvert Data Editor

Chart # - Each culvert 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 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 Y2 in/ ft at 45 degrees (1:1)."

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 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 of the culvert for this example was 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 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 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.

n - Value - This field is used to enter the Manning's n value 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 of the Hydraulic Reference Manual.
Additionally, roughness coefficients should be adjusted according to individual
judgement of the culvert condition. For this example, a Manning's n value of
0.013 was used for the concrete culvert.

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
invert 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 centerlines are based
upon the X-coordinates of the upstream cross section (20.238) and the
downstream centerlines are based upon the X-coordinates of the 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
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.
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# 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 of 2 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 adjusted subsequently.) The
modeler should now close the editor and save the data.

Bridge Culvert Data - Multiple Culvert Geometry - (O] x| |
File View Options Help
River: lSpring Creek :_f Anply Data l
Reach: [Cuivit Reach ~] Riversta.: [20237 -1[3][ ]
Description ITwin Circular Pipe Crossing E
R 5 RS=20.237 Upstream (Culver) -
Legend
e 36
o D " Ground
Az ¥ Tinen
e 30 D D ne
Slopi @ »
Bbument] i 28 Bank Sta
b U
Bidge 244 - — = = - )
Modeling 850 900 350 100 1 1100 1150
Appfoaohl
Culvert 2 RS=20.237 Downstream (Culvert)
— 38
gumpb € u
pening | S
Anasis ] = 32
S 30 [l
Bridge {5 28
Design 26 3
24 T T T T T T 3
850 900 950 1000 1050 1100 1150
Station (ft) 5 *
4 »f

Figure 4.4 Box and Circular Culverts at River Station 20.237

Ineffective Flow Areas

Since additional culverts were added at cross section 20.237, the ineffective
flow areas at river stations 20.238 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.

4-7




Example|4 Multiple Culverts

Ineffective Flow Areas

Select Ineffective Mode

@® Nom O Multiple Blacks
Lett Right
Station 981 [1019

Elevation I 337 1 33.7

| OK j Cancel lDefaults H Clear l

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 using a 1:1 relationship to the distance of cross section 20.238
from the culvert entrance. For this example, cross section 20.238 is located 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 1014 + 5 = 1019. 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 of 2 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 at
cross section 20.227 were set at 33.6, a value slightly 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."

Steady Flow Data

4-8

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 of 250, 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 of 29.8, 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
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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 Culvert Flow Data."

Steady Flow Analysis

To perform the steady flow analysis, from the main program window

Simulate 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.

Steady Flow Analysis |- [0] X
File Options Help :

Plan: Spring Creek Muttiple Culverts ShotiD  [Mult Culvert

Geometry File : [Mutiple Culvert Geametry

Lok Le

Steady FlowFile:  [Mutiple Culvert Flow Data

Flow Regime Plan Description :
& Subcritical
" Supercritical
" Mixed

]

[ COMPUTE

Enterto compute 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 became 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:
L F
ER = — = 0.421 + 0.485 [—%] + 1.80x107°(Q) (4-1)
L oos 20.208+
where: ER = expansion ratio

)W = expansion reach length, ft

Lis = average length of side obstruction, ft

Figori = main channel Froude number at the cross section
immediately downstream of the culvert (cross section
20.227 for this example)

Foooeer = main channel Froude number at the cross section of
fully expanded flow (cross section 20.208* for this
example)

Q = total discharge, ft*/s

(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
numbers at cross sections 20.227 and 20.208* for the flow of 600 cfs are 0.18
and 0.14, respectively. 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 of the ER from 0.80 to 1.32 to define the 68% confidence band.
For this current example, the average length of obstruction is determined to be
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approximately equal to 60 feet. With this length of obstruction, the expansion
reach length is:

65 ft

Il
u

L. (ER) Las) = (1.06)(60)
This is the median value of the range from 50 to 80 feet (using ER = 0.80 and
1.32, respectively). The actual distance from cross section 20.227 to cross
section 20.208* was set at 100 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 4:1 nor should it 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 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:
2 05
. CR = f = 1.4 - 0.333 (i@l] + 1.86 [ Q‘“’) - 0.19 (Eﬁ) (4-2)
l\ L s 10208 Q .
where: CR = contraction ratio
| % contraction reach length
Qp = discharge conveyed by the two overbanks at cross
section 20.251, cfs
Q = total discharge, cfs
Ny, = Manning's n value of the overbanks at cross section
20.251
n, = 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 34.54 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.
The 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:

L

C

]

(CR)(L) = (0.8)(60) = 48 feet
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The existing contraction reach length (the distance from cross section 20.251 to
cross section 20.238) 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 should not exceed 2.5:1 nor should it be less than
0.3:1.

Channel Expansion and Contraction Coefficients

The coefficients of expansion (C,) and contraction (C,) 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:

. = -0.09 + 0.570 [ ];"b) + 0.075 [ lf”i) (4-3)
c 20.208+
where: C, = coefficient of expansion
D, = hydraulic depth (flow area divided by the top width) for
the overbank at cross section 20.208*
D, = 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 channel at river station 20.208* are 0.58 and 5.66 feet,
respectively. Substitution 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% confidence band for 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 this
example, the change in velocity head from cross section 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 = 28/145 = 0.20
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- . Profile Plot
File Options Help

where: b = culvert opening width, ft (m)
B total floodplain width, ft (m)

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 View 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.
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Figure 4.7 Water Surface Profiles For Spring Creek

To analyze this further, the modeler can view the profile output table to
determine the depths of flow at the upstream side of the culverts. From the
main program window, select View, Profile Table, Std. Tables, and then
Culvert Only. This will display the table as shown in Figure 4.8.
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= Profile Output Table - Culvert Only

File Qptions Std. Tebles UserTables Help
HEC-RAS Plan: Mult Culvert River. Spring Creek Reach: Cubst Reach
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_® @ Wi M 0 (cte) 25, Wi
Culvit Reach 30.27 30.25 29.99 30.29 33.70 74.73 0.29
Culvrt Reach|20.237 Circular 30.27 30.25 26.65 30.27 3370 17527 0.29
Culvrt Reach 31.88 31.84 31.06 31.89 33.70 146.03 0.48
Culvrt Reach|20.237 Circular 31.88 31.84 29.54 31.87 3370 25397 0.48
Culvit Reach 33.29 33.22 32.20 33.30 33.70 216.77 1.11
Cubvrt Reach|20.237 Circular 33.29 33.22 30.94 33.28 3370 383.23 1.1
« »

Energy érade elevation at bridge or culvert (final answer).

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 finally the last two rows are for the flow of 600 cfs. For both the
box and the circular culverts, the upstream inside top elevation 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 third flow profiles because the upstream water surface
elevations were 31.84 and 33.22 feet, respectively.

Additional analysis of the table reveals that outlet control was the type of flow
occurring through the culvert for all 3 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
74.73 cfs flowing through the box culverts (37.36 cfs through each barrel) and
175.27 cfs flowing through the circular culverts (87.64 cfs through each
barrel). This totals 74.73 + 175.27 = 250 cfs and accounts for the total flow
rate for the first flow 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, Cross 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
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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 modeler can then
toggle to the circular culvert at this river station by selecting the Culvert ID
field. If additional culverts were located at other river stations, the data for
these culverts can be viewed by selecting the appropriate river station.

E: Culvert Qutput
File Type Options Help

River: |Spring Creek ~] Profile:  [25yr ~] cutvertiD [Box ~
Reach: [CultReach ~lavse 2027 F][s][1)

Plan: Mult Culvert  River. Spring Creek  Reach:Cubvrt Reach Riv Sta: 20,237 Profile: 25 yr Cubvert 1D
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the culvert inlet equations are not valid and the supercritical result has been discarded. The

outlet answer will be used.

Flow through all barrels in a culvert

i

Figure 4.9 Culvert Type Cross Section Table

Finally, the location of the ineffective flow areas will 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 4.10.
In the figure, it can be seen that the water surface elevations did not exceed the
elevations set for the ineffective flow areas. 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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Figure 4.10 Cross Section 20.238 of Spring Creek

Summary
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This example demonstrated the use of HEC-RAS to analyze a river reach that
contained a multiple culvert opening. The multiple culvert consisted of two
culvert types (circular and box), each with two identical barrels. After the flow
analysis was completed, the expansion and contraction 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.
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EXAMPLE S

Multiple Openings

Purpose

This example demonstrates the analysis 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 : "Base Conditions"
Geometry : "Beaver Cr. + Single Bridge"
Flow : "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, the 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

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 - Beaver Creek + Single Bridge [ (O] X]
File Edit View Tables Options Help

River 599 4]
Reach 7

—

Junct #
B

o
Yy e

Brdg/Euls Kentwood

Inline Weird
Spillway

h==4

View
Picture

S

Figure 5.1 River System Schematic

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 of these items are exactly as
described for the cross sections in Example 2. (Note: The ineffective flow
areas will be adjusted subsequently.)
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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 Bridge/Culvert Data 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 appears in Figure 5.3, showing the bridge opening
from X-coordinates of 960 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

File VYiew Qptions Help
River. |BeaverCreek ~| Apply Dsta ]
Reach: [Kemwood ;j River Sta.: lS.4 le]
Description lMuItiple Openings g
Deok/ R$=64 Upstream (Mutiple Opening) -
Roadway - —31 = y— w 43 o ._1
I ] | Legend
= 220 ————
: el N 2 d 4 L4 2
Pier E 218 L‘;ImE'r;d
_L B 21 kK
lﬁ Bank Sta
Sloping 205 s TRl
Abutment Stag Limit
2005 500 1000 1500 2000
Bridge
Modelingd . . RS=5.4  Downstream (Muitiple Opening)
A pproach 225 4 ~ w2 LS "
Culvar =
™ |:
Muitiple “s
Opening
Analysis 200 4 .
aas 0 500 1000 1500 2000
i Station (ft) =
<] -
3 946,88, 20730 |

Figure 5.2 Bridge/Culvert Data Editor
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Figure 5.3 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 for the first bridge, each of the nine
piers was entered with a starting elevation of 200 feet and an ending elevation
of 216 feet, and a width of 1.25 feet. The piers were located starting at a
centerline station of 470 and were placed at a distance of 20 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 (#10) 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 chosen to be
below the ground level and inside 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, ending at a 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 Approach

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 was selected at the top of the editor for the main bridge (as developed
during Example 2) and this created a second bridge 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
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Figure 5.4 Relief Bridge Modeling Approach Editor

Culvert Geometry

To enter the culvert 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 procedure 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 culvert data for this current example.

The first culvert /D 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 FHWA standard
culvert parameters. Additionally, the Distance to Upstream XS was entered as
20 feet, Length was measured to be 60 feet, the Manning's n - Value was set
at 0.013, and the Entrance and Exit Loss Coefficients were set at 0.5 and 1.0,
respectively. 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 multiple 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
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between the different opening locations. Upon entering the culvert information,
the OK button was selected to exit the culvert editor.

Culvert Data Editor

| Add | | Copy | | Delste | cunertiD |Box #1 [2]

Solution Criteria lHighastU‘S. EG  [#| | Renoms '@ E]
Shape IBOX . Span ]5 Rise l4

Chart # ls-ﬂared wingwalls IE]
Scale # |1-Wingwall flared 30 to 75 deg. [2]
Distance to Upstrm XS 20 # identical barrels : E
CulvertLength 60 Centerline Stations
Entranca Loss Cosff 0.5 Upstraem Downstraam| 4 1
- B 1 oo 1200
Exit Loss Coeff 2 |20 290
n-Value 0.013 3 240 240
T
Upstream Invert Elewv. 211.7 4___250 260
10 |280 280
Downstream inverElev. |211.6 e r

[ie }| cenceit) |EiiHeR )

Enter the culverts centerline stations ()
Figure 5.5 Box Culvert Data Editor

Finally, 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. Next, the openings were defined for the
multiple flow analysis.

Multiple Openings

For the multiple opening analysis, the user must define the stagnation limits for
the flow separation into each of the 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

r Conveyance I ] Culvert Group l | Bridge ' I Insert Row ” Delete Row ‘
Upstream Downztream
Opening Type | StationLeft | StationRight | Stationleft | Station Right

1 [CulvertGroup :0 390 0 330

2 |Bridge 310 880 310 880

3 |Bridge 700 1850 700 1824

Rty

o

E———1

7

B e T el
Select opening type

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 relief bridge opening. To
enter the data, the field under "Opening Type" and adjacent to number 1 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 upstream left and 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 this example, the left
and right stagnation limits were established as 0 and 390. Additionally, the
downstream left and right stagnation limits 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 310 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 310.
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 culvert 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 310 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 point 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 must 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 this area between the
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culvert and the bridge and developing a reasonable estimate of where the
stagnation limit should be placed.

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 :

Selact Ineffective Mode

C Normal @ Multiple Blacks
Start Sta. End Sta. ] Elevation | 4

1.0 177 2164

2 1303 420 2164 =

3 677 330 216.4

4 (1270 1850 2164 3

[ ok ]| cancel || Deteuts | | ciear |

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 left of the culvert group, in between the culvert group and
the main bridge, in between the main bridge and the relief bridge, and finally to
the right of the relief bridge. It should be noted that during a multiple opening
analysis, the ineffective flow areas need to 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 flow blocks were
defined at river station 5.39 (located downstream of the multiple opening).
These ineffective blocked areas are shown as connected green lines on the
Bridge/Culvert Data Editor (Figure 5.2).

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

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 of these relief openings, portions of the 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 previously, 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 estimate for the expansion 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.1). To determine the ER, the following
parameters were necessary:

b = 200 ft
B = 850-310 = 540 ft
b/B = 200/540 = 0.36
S =~ 8 ft/mi
ng/n, = 1.75
Ly = [(450-310) + (850-647)] = 170 ft
where: b = main bridge opening width, ft
B = floodplain width contributing to flow through the main
bridge, ft
S = slope, ft/mile
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Ny, = Manning's n value of the overbanks
n, = Manning's n value of the overbanks
L average obstruction reach length for the floodplain

width contributing flow through the bridge, ft

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, L, 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/B 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 B.1 in Appendix
B of the Hydraulic Reference Manual. From the table, the ER was found to
range from 1.3 - 2.0. An average value of 1.7 was used and this resulted with
an expansion reach length, L., of:

L — (ER) (Lope) = (1.7) (170) = 290 ft

For this example, the expansion reach length is the main channel distance from
cross section 5.39 to cross section 5.24* which equals 778 ft. 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 of 290 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 interpolated
section. Therefore, the interpolation would be required from river station 5.39
to river station 5.13. Since this was a very long river reach, an alternative
approach was employed by obtaining data from the USGS Atlas No. HA-601.
(This atlas provided the data for Example 2.) From the atlas, the data for river
station number 5.29 was entered 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 the Cross Section icon, Options, then Add a new
Cross Section. River station 5.29 was entered as the new location for the
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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: Options, 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
maximum distance of 100 feet was 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 of 5.37*, 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 a river station 290 feet downstream from 5.39, and this distance
of 300 feet was determined 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, L, of:

L, = (CR)(L,) = (1.1)(170) = 190 ft

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 478 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, namely river mile 5.44. This river station is
located 170 feet upstream from river station 5.41 and was considered
appropriate for an initial estimate of the contraction reach length. Finally, the
reach length values for river station 5.61 were adjusted to account for the
inclusion of the new cross section.

Coefficients of Expansion and Contraction

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 the vicinity of the bridge and culvert openings, the expansion and contraction
coefficients were chosen as 0.5 and 0.3, respectively. These values represent
coefficients 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 of these
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values are initial estimates and should be reviewed by the user to determine
their impact on the resulting water surface elevations.

After the expansion and contraction reach lengths were modified and the
expansion and contraction coefficients were determined, the adjusted geometry
was saved as a file entitled "Culvert Group + Relief Bridge." Then, this
geometry file and the steady flow data file were saved as a new plan entitled
"Modified Conditions." By saving new files, the original data set obtained from
Example 2 remained unchanged and this will allow for a 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
e [
Reach: lKentwood IE!
-Selected Area Global Edits
| Add Constant | Multiply Factor
i River Sta LOB | Channel | ROB 4+
1 593 440 600 400 :
oo
2 5.875* 440 600 400
13 576 225 400 275
4 5.685* 225 400 275
5 561 240 460 190
6 5.525% 240 460 190
7 5.44 270 170 500
8 541 100 100 , 100
9.0 54 Mult Open
10 538 192 300 348
11 533 128 200 232 *

Figure 5.8 Reach Lengths Table for Modified Conditions Plan

Steady Flow Analysis
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After all of the geometric data were entered, the steady flow data file 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, 210.5, and 211.8. This steady flow data file is identical to the file
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produced during Example 2, and was used for 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, Simulate and then Steady Flow Analysis was selected. A short
identification for the plan was entered as "Mult Open." A subcritical flow
regime was selected and the analysis was performed by selecting COMPUTE.

Multiple Opening Output 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 of the Hydraulic
Reference Manual. These reach lengths were evaluated for the main bridge
opening during the largest flow event. However, the results from the
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
typically, 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 should always use engineering judgement to the results obtained
from these equations.

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 provided a reasonable basis for estimating the
expansion and contraction reach lengths. It should be noted that these reach
lengths were significantly less than the reach lengths used in Example 2, with
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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
cfs. By zooming in on the multiple opening location, it can be seen that the
water surface for the high flow did not over top the bridge decking and this was
the original goal for installing the relief bridge and culvert group.

--.Profile Plot B =] B3
File QOptions Help
Multiple Openings - Example 5 Modified Conditions —‘-”
Geom: Culvert Group + Relief Bridge Flow: Beaver Cr. - 3 Flows
Kentwood >
2254 " Legend
e e e
EG May '74 flood
R
WS May '74 flood
. Wiy il o s
. EG 100 yr
= WS 100 yr
s o ===
= EG 25yr
3
] WS 25 yr
Ground
195 T T T T r :
0 1000 2000 3000 4000 5000 6000
Main Channel Distance (ft) 274398, 223.29| &
Al ;J'J

Figure 5.9 Water Surface Profiles for Modified Conditiorrs Plan

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 table columns widths
in Figure 5.10 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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k= Profile Output Table - Multiple Opening
File Options Std. Tebles UserTables Help

HEG-RAS Plan: Mult Open River. Beaver Creek Reach: Kentwood

Reach  [RiverSta QTotal |FlowArea| E.G. Elev |W.S. Elev [Top Wdth Act| Vel Total | CritW.S. |Left Stagn |Right Stagn
{ds) (saff ) {® {0 (R/s) ® Ii® #®

Kentwood [5.4 . Culv Grp #1 114.65; 249.10 213.25 213.25 126.00 0.46 211.5072.74 390.00

Kentwood |54 Bridge #1 447367 119837 21325  213.03 211.37 373 208.43330.00  700.00

Kentwood |54 Bridge #2 41168 33270 21326 21322 340.00 1.24 212.33700.00 1286.24

Kentwood |54 Culv Grp #1 334.98 489.07 215.16 215.15 126.00 0.68 211.87 26.27 310.00

Kentwood |54 Bridge #1  7587.86  1643.90 215.17 21481 257.00 462 210.06 310.00 700.00
Kentwood |54 Bridge #2 2077.16 967.37 215.16 215.09 340.00 215 213.28 700.00 1676.70
Kentwood |54 Culv Grp #1 580.04 1305.75 216.57 216.57 30217 0.44 21214783 310.00
Kentwood [5.4 Bridge #1 9958.26  1987.92 216.59 216.15 257.00 5.01 210.91310.00 880.00
Kentwood [5.4 Bridge #2 3461.7200 279895 216,57 216.55 967.37 1.24 213.71 880.00 1847.37

[Total flow in cross section.

Figure 5.10 Multiple Opening Profile Table

As shown in Figure 5.10, the rows in 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 114.65 cfs flowing through the culvert group, 4473.67
cfs through the main bridge, and finally 411.68 cfs through the relief 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 of 30 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 of 0.05 feet. With these energy gradeline values, the
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program then calculates an upstream water surface elevation for each 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 profile 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 gradelines. For the first flow profile, it can be seen that the
flow distribution was established from upstream X-coordinates of 72.74 to 390
for the culvert, from 390 to 700 for the main bridge, and from 700 to 1286.24
for the relief bridge.

For the culvert, the program used a left stagnation point of 72.74 feet. This
value is the X-coordinate where the culvert water surface elevation of 213.25
intersected the left side of the cross section. The right stagnation point for the
culvert was determined to be 390 feet. This is the right stagnation limit as
entered in the Multiple Opening Analysis Data Editor. 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 72.74 to 390.

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
390 to 700 and the flow rate through the relief bridge would be from upstream
X-coordinates of 700 to 1286.24. The value of 1286.24 is the X-coordinate
where the relief bridge water surface elevation of 213.22 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 seen that the stagnation point between the culvert and the main bridge is
a value of 310 feet as opposed to the previous value of 390. Therefore, in
order to balance the upstream energy grade line elevations for the three
openings, a greater portion of the total flow was required to travel through the
main bridge opening during this higher flow event. Similarly, the left culvert
stagnation point and the right relief bridge stagnation point have changed to
reflect that the higher water surface elevations are approaching the limits of the
cross section width.

Finally, the Multiple Opening Profile Table provides additional 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 gradeline 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
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model, 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 determine 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 water surface elevations that were used as the final answer for the
upstream cross section, from the main program window select View, Cross
Section Table, Type, and then Cross Section. Toggle to river station 5.41
(the upstream cross section for this example) and select profile 3. This will
display the table as shown in Figure 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 216.57,
216.59, and 216.57 feet, respectively, as shown in the Multiple Opening
Profile 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 216.57,
216.15, and 216.55, respectively, as shown in the Multiple Opening Profile
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 of 0.38, and determined that the upstream water
surface elevation was 216.21, 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 Multiple Opening Profile Table.

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 Multiple
Opening Profile Table (Figure 5.10), the flow for the third profile through the
culvert, main bridge, and relief bridge were 580.04, 9958.26, and 3461.70 cfs,
respectively. Since the culvert group is located in the LOB, the main bridge is
located over the main channel, and the relief bridge is located in the
ROB, these flow values should approximate the flows in the LOB, main
channel, and ROB at river stations 5.41 and 5.39. As shown in Figure 5.11,
the flows for the third profile in the LOB, main channel, and ROB were
676.60, 10178.42, and 3144.98 cfs, respectively. Similarly, the flows at river
station 5.39 were 705.59, 9931.69, and 3362.72 cfs. These flow distributions
are similar and reflect the transition of the flow rates across the cross sections.
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E: Cross Section Output

File Type Options Help

River: IBeaver Creek

Reach: ﬁ(entwaod

Plan: Mult Open River. Beaver Creek Reach:Kentwood Riv Sta: 5.41

| Profile:

'May ‘74 flood 'l

eavse fa <][3][1]

Profile: May '74 flood

= B3

W.S. Elev (f) 216.21§ Element Left OB Channel | RightOB
Vel Head (ff) 0.38) WA n-Val. 0.150 0.040 0.060
E.G. Elev(ft) 216.58] Reach Len. (ff) 100.00 100.00 100.00
Crit W.S. (ft) 212.79| Flow Area (sq ff) 710.42 1806.64  1456.05
E.G. Slope (ft/ft) 0.001225} Area (sq ff) 1685.05 1806.64 3230.77
Q Total (cfs) 14000.00] Flow (cfs) 676.60 10178.42 314498
Top Width (ft) 1836.39| Top Width () 439.26 197.000 1200.14
Vel Total (ft/s) 3.52| Avg. Vel. (ft/s) 0.95 5.63 2.16
Mex Chl Dpth (f) 13,51} Hydr. Depth (ft) 455 917 3.94
Conv, Total (cfs) 400061.5f Conv. {cfs) 193345 290856.7 89870.3
Length Wid. (f) 100.00| Wetted Per. () 156.01 20025  370.07
Min Ch EI (f) 202.70| Shear (Ib/sq f) 0.35 0.69 0.30
Alpha 1.95| Stream Power (ib/ft s} 0.33 389 0.65
Frctn Loss (f) Cum Volume (acre-f) 42,51 3726 20315
C&E Loss (ft) Cum SA (acres) 9.93 4.48 66.09

iCzsxk:l.:l't:ttad water surface from energy equation.

Summary
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Figure 5.11 Cross Section Table for Profile 3, River Station 5.41

The geometry of Example 2 was modified to prevent weir flow from occurring
over the main bridge decking. This was accomplished by defining a culvert
group and a relief bridge on the left 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 comparison 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
Options and Plans and choose both of the plans. Finally, Options and
Profiles were chosen and only the third profile was selected to be plotted. This
resulted in the display shown in Figure 5.12, which clearly shows that the
modified conditions decreased the upstream water surface profile so that no
weir flow occurred.
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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 relief bridge 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 1.21 feet (from 217.42 to 216.21 feet). The
modeler can use this information to determine if any additional decrease is
necessary.
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E% Profile Output Table - Standard Table 1
File Options Std Tables UserTables Help

HEC-RAS River. Beawver Creek Reach: Kentwood

Reach River Sta |Plan QTotal | MinChEl |W.S.Elev| CritW.S. | EG.Elev |[E.G. Slope} Vel Chnl | »
(cfs) {® (®) (] () (ft/f) (ft/s)

Kentwood. {5.61 Base 14000.00 204.40 218.09 213.60 218.14 0.000551 4.03
Kentwoad |5.61 MultOpen | 14000.00 204.40 217.30 213.60 217.38 0.000901 492
Kéntwood 5525 MultOpen,-‘ 14000.00 204.15 217.04 214.37 21716  0.000847 5.06
Kentwood [5.49* Base 14000.00 204.07 217.90 214.42 217.97 0.000443 3.91
Kentwood [5.44 MultOpen | 14000.00 203.90 216.77 214.22 216.92 0.000775 4.98
Kentwood |5.41 Base 14000.00 202.70 217.42 212.22 217.66  0.000729 4.72
Kentwood |5.41 Mult Open | 14000.00 202.70; 212.79 216.58 0.001225 5.63_1
Kentwood (5.4 Bridge

Kentwood {5.39 Base 14000.00 202.70 215.62 212.24 216.04 0.001552 6.07
Kentwood {5.39 MultOpen | 14000.00 202.70 215,55 212.62 21596 0.001492 5.92
Kentwood |5.33* Mult Open | 14000.00 202.76 215.26 212.53 215.42  0.001241 5.08
Kentwood [5.28 MultOpen | 14000.00 202.80 215.03 211.43 21516 0.001253 462
Kentwood |5.24* Base 1400000 201.83 21464 21150 214.77 0.001312 5.26

o | ;FJ

Calculated water surface from energy equation.

|

Figure 5.13 Standard Table 1 for Base and Modiﬁ;d Plans, Third Profile
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EXAMPLE 6

Floodway Determination

Purpose

This example demonstrates the use of HEC-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 37 defines a floodway "...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 (100-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 of
floodway 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 1 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 : "Method 5 Encroachment"
Geometry : "Existing Conditions"
Flow : "Base + 1 ft Target Depth"
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Floodplain Encroachment Analysis Procedure

Currently, the HEC-RAS program has 5 methods to determine floodplain

encroachments. These methods are:

Method 1 - User enters right and left encroachment stations
Method 2 - User enters fixed top width

Method 3 - User specifies the percent reduction in conveyance
Method 4 - User specifies a target water surface increase
Method S - 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
using one of the 5 encroachment methods, the floodplain will be divided into
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/— Encroached Water Surface
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Figure 6.1 Floodway Definition Sketch
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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 100-year flood profile
Method 5 optimization procedure
Method 4 - with 3 target depths

Method 4 - with 1 target depth

Method 1 - final delineation of floodway
Review of floodway delineation sketch

To perform the floodplain encroachment analysis for this example, the first
step was to develop a model of the river reach that would compute the 100-
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.

If Method 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 1
was used 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 sections.
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Base Flood Profile

To perform the floodway analysis, the user must first determine the natural
(existing conditions) 100-year flood water surface profile 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 of that flood event, it was determined
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 file 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 normally 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 will use a
target increase in the water surface elevation and/or a maximum limit for the
increase in energy to obtain the encroachment stations. The program will
attempt to meet the target water surface while maintaining an increase in
energy that is less than the maximum.

Method 5 Steady Flow Data

To perform the Method 5 encroachment analysis, the flow data were first
entered. From the main program window, select Edit and then Steady Flow
Data. This activated the Steady Flow Data Editor. For the Method 5
analysis, 2 water surface profiles were chosen to be calculated. The first
profile was used to determine 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 14000 cfs, the flow value that the model was calibrated.
Then, the Boundary Conditions icon was selected and the Downstream
Known Water Surface elevations were entered as 211.8 and 212.8. The first
downstream boundary condition (211.8) was determined during Example 2.
The second downstream boundary condition (212.8) was set at 1 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 + 1 ft Target Depth."
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Method 5 Encroachment Data

To enter the data for encroachment Method 5, from the main program window
select Simulate, 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.

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 Equal Conveyance Reduction box. If this box is
selected, then the program will encroach by simultaneously removing an
equal amount of conveyance on both sides of the main channel. As the
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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 reaches the main channel bank station (or the
offset). If the equal conveyance box is not selected, then the program will
encroach by maintaining a loss of conveyance in proportion to the distribution
of the natural overbank conveyance. The equal conveyance reduction applies
to Methods 3, 4, and 5; and, for this 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 of the 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 10 feet for both the left
and right bank. Therefore, the limit of encroachment was 10 feet to the left of
the left channel bank station and 10 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 only one river 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 Method 5 analysis, only 2 profiles are necessary. The first
profile will be used to determine the base water surface profile and can not 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 fields 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 slightly greater than the
water surface target. The energy target will act as an upper limit during 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 values that were entered. For this example, the Set Selected Range
button was selected and this applied Method 5 and the chosen targets to the
selected range of river stations 5.99 to 5.00 for the Beaver Creek reach. By
selecting this button, the fields in the table were filled with the corresponding
method and values. In the table, since Method 5 was selected, the heading
Value 1 corresponds to the target water surface change and Value 2
corresponds to the target energy change. When other methods are selected,
the value 1 and value 2 columns will represent the specific data input items
for the method. (Note: Some methods only require 1 value.) As a final note,
the user can now edit the data table and change any of the methods and value
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items for any specific river station. For this example, the table was not edited
at this time.

The OK button was then selected at the bottom of the encroachment editor.
This prompted the Steady Flow Analysis Window to appear. Then the
geometry file "Existing Conditions" and the steady flow file "Base + 1 ft
Target Depth" were saved as the plan "Method 5 Encroachment." Finally, the
Short ID was entered as "MS5" and the COMPUTE button was selected for
the subcritical flow analysis.

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 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 Encroachment 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 unencroached profile and the second row is for
the encroached profile. 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 1 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 method
produced results greater than the 1.0 foot allowable rise. For example, the
change in water surface at river station 5.99 was 1.09 feet. 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 Method 5 output, it was determined that the results
were not acceptable upstream of the bridge and an alternate procedure should
be then undertaken. The results from Method 5 up to the bridge could be
used as a starting point for future analysis with a different method.
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Figure 6.3 Encroachment Table 1 for Method 5 Analysis

Method 4 Encroachment Analysis - Trial 1

An alternative approach to perform the encroachment analysis is to use
Method 4. The Method 4 analysis is similar to Method 5, without the iterative
solution technique. To perform the Method 4 analysis, the program uses the
following procedure:

1) First, the program computes the base water surface profile by using the
data from the first 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.)
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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
equal 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. If the 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 higher 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 chianged, the value of the friction slope and velocity head will
change. Also, the magnitude of the expansion or contraction losses will
change. Therefore, when the program calculates the water surface elevation
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
conveyance is the same at this river station, the geometry, 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 will 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 smaller than the maximum
increase.

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 perform the Method 4 encroachment analysis, the flow data was first
entered. The Steady Flow Data Editor was activated and 4 water surface
profiles were chosen to be calculated. The first profile 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 1 percent chance flood event. Then, the
Boundary Conditions icon was selected and the Downstream Known
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Water Surface elevations were entered as 211.8,212.8, 212.8, and 212.8.
The first downstream boundary condition (211.8) was determined during
Example 2. The other downstream boundary conditions (212.8) were set 1
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 10 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, this 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 Target WS change (ft) of
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 feet. The
user should note that this method only requires one data input item and,
therefore, the data will appear under "Value 1" of the table. The OK button
was then selected to close the encroachment editor.

Finally, the geometry file "Existing 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 entered as "M4 - Trial 1." This identification will assist the
user when analyzing the output. Then, the COMPUTE button was selected
to perform the calculations.
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Figure 6.4 Encroachment Data Editor for Method 4 - Trial 1

Method 4 Output - Trial 1

To review the output, the Encroachment 1 table was selected and a portion
of this table is shown as Figure 6.5. For each river station, there are four rows
of data in the table. The first row is for the natural, unencroached profile.
The second, third, and fourth rows are for the second, third, and fourth
profiles. These profiles were set with target values of 0.8, 0.9, and 1.0 feet,
respectively (except for the first river station which had a constant target of
1.0 foot). The first non-fixed column of the table shows the water surface
elevation for each profile. The second column displays the change in water
surface from the natural profile for the encroached river station. Additional
column headings show the calculated value of the energy gradeline, flow,
calculated encroachment stations (by toggling to the right in the table), etc.
Depending upon the required information, the user can select one of three
encroachment tables. Further discussion of the encroachment tables is
presented in Chapter 9 of the User's Manual.
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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 water surface was 1.0 foot for all of the target values because the
downstream boundary conditions were set to be 1 foot higher than the base
profile. At river station 5.13, the changes in water surface were 0.94, 0.97,
and 1.01 feet for the target values of 0.8, 0.9, and 1.0 feet. This shows that
the actual resulting water surface is generally greater than the target values.
Further review of the table shows the various resulting water surface
elevations for the target depths.

To continue the encroachment analysis process, a Method 4 analysis was
again calculated, however this was performed with only 1 target depth for
each river station. The target depths that were used in the subsequent analysis
were the target depths that resulted in a water surface change as close to 1 foot
without exceeding 1 foot. For example, at river station 5.13, the resulting
change in water surface that is 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 target yielded a change in water surface of 0.94 feet. Table
6.1 shows the values that were used for the subsequent analysis.
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Table 6.1 Selected Target Values

Station Target A'WS from Trial 1
5.99 1.0 0.86
5.875* 1.0 0.66
5.76 1.0 0.57
5.685* 1.0 0.51
5.61 1.0 0.48
5.49%* 1.0 0.42
541 1.0 0.16
5.40 (Bridge) 1.0 0.16
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 1.00

[t 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 Analysis - Trial 2

The next step to define the encroachments was to again use a Method 4
analysis, but with only 1 target depth for each river station. To perform the
analysis, a steady flow data file was first developed and then the
encroachment data were entered. Finally, 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 two profiles, the steady flow data file as
developed for the Method 5 analysis was used. This file, "Base + 1 ft Target
Depth," included only 2 profiles (14000 cfs each) and had the downstream
known water surface boundary conditions 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 previously, the equal
conveyance option was selected and a left and right offset of 10 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 values 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 of which 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 :
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A new plan was created with the geometry data file "Existing Conditions" and
the steady flow data file "Base + 1 ft Target Depth." These files were saved
as the plan "Method 4 Encroachment - Trial 2." The Short ID was entered as
"M4 - Trial 2" 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 1 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 and 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 1 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 1.00 feet, the maximum
allowable. 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 floodway that will result in a change of water
surface less than 1 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 at 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 and 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
upstream river stations.
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Figure 6.7 Encroachment Table 1 for Method 4 - Trial 2

As an additional review of the encroachment 1 table, it can be seen that the
left and right encroachment stations that were calculated for river station 5.39
were 440.00 and 1144.53. These encroachments were then used for river
stations 5.40 and 5.41. This is a default method for the program since the
pressure/weir method was used for the bridge high flow analysis. If the
energy method had been used, then the program would allow for separate
encroachment stations throughout the bridge.

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, additional wetted perimeter will be added to the
main channel. This will cause the conveyance of the main channel to
decrease and the total loss of conveyance at the cross section may be greater
than if the encroachment did not encounter the main 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 Encroachment Table 2 can be viewed. A portion of this table is shown
as Figure 6.8. From the table, 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.
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Figure 6.8 Encroachment Table 2 for Method 4 - Trial 2

6-17




Example 6 Floodway Determination

Method 4 Encroachment Analysis - Trial 3
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To further define the encroachments, an iterative process was performed 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 Table 6.2.

Table 6.2 Final Target Values

Station Target A'WS for M4 -Trial 3
5.99 0.60 1.00
5.875* 0.95 0.99
5.76 1.40 0.86
5.685%* 1.80 0.72
3.61 2.00 0.63
5.49% 2.00 0.44
5.41 1.10 0.12
5.40 (Bridge) 1.10 0.12
5.39 1.10 1.00
5.24%* 1.05 1.00
5.13 0.80 1.00
5.065* 0.95 1.00
5.00 1.00 1.00

The final target water surface values used and the resulting change in water
surface are listed in Table 6.2. These values were obtained from the
Encroachment Table 1 as discussed previously.

In"the vicinity of the bridge, a target value of 1.1 foot at river station 5.39 (just
downstream of the bridge) was found to result in the most practical
encroachments through the bridge. If a higher target value was used, the
program would encroach further towards the main channel and a slightly
higher water surface value would be obtained at river stations 5.39, 5.40, and
5.41. If the encroachments at the bridge were moved closer to the main
channel, then this would further increase the upstream water surface. The
increase in upstream water surface is in effect before the upstream
encroachments are calculated. Therefore, the upstream encroachments are
limited from the start because the upstream water surface elevation is already
greater than the natural profile.
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As the target value at river station 5.39 was increased beyond 1.1, the
program could only provide minor encroachment 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 due to 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 submergence 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 this example, the pressure flow through the bridge was
12174.43 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 Encroachment Analysis

Typically, the floodplain encroachment 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
encroachment stations for each cross section. For this example, the
encroachment stations as 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 encroachment data was entered. Finally,
this section will discuss the output from the Method 1 analysis.

Method 1 Steady Flow Data

For the Method 1 analysis, only 2 flow profiles were used. Therefore, the
steady flow data file "Base + 1 ft Target Depth" was used for this analysis.
This was the same file as used for the Method 5, the Method 4 - Trial 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 1
Encroachment." The Short ID was entered as "M1" and the COMPUTE
button was selected. '

Method 1 Output

The output from the Method 1 analysis should be identical to the output from
the Method 4 iterative plan output. This was verified by comparing the
resulting changes in water surface elevation at the river stations. At this point,
the user can fine 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 display as
shown in Figure 6.9. As can be seen in Figure 6.9, the encroachment stations
appear to follow a smooth transition throughout the river reach. However, the
user must be aware of the fact that this plot is based upon the X-coordinates
as entered 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 accurately
portraying the correct configuration of the floodway. The modeler should
sketch the resulting encroachments and floodway on a topographic map to
view the correct alignment of the floodway. At this point, further refinement
for the locations of the encroachments stations should be made.
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Figure 6.9 3-D Perspective Plot of Method 1 Analysis

In addition to the 3-D 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 required 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 structure in
the river reach caused difficulties in the Method 5 analysis and the program
did not yield 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 1 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 increasing 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 may 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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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
plans. 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 plans 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 : “Existing Plan Data”
Geometry : “Existing Geometry”
Flow : “100 year flow”

Elements of a Project

A project is comprised of all of the 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).
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Table 7.1 Project Files

File Type Extension Created By:
Plan PH# user
Geometry G## user

Steady Flow F## user
Unsteady Flow JU## user
Sediment Data StH# user
Hydraulic Design HiH# user

Run R## program
Output O 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 the 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.

a Plan

A project is comprised of one or more plans. Each plan contains: a short
identifier; a list of files associated with the plan; and a description of the
simulation options that were set for the analysis. Each of these three items are
discussed as follows.

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 multiple plans. If this
identifier is changed, then the user must recompute the plan in order for the
output file to reflect the change.

The main function of the plan is to associate a group of files. The plan can
associate one file extension from each type of file. For this example, there
were two geometry files and one steady flow file that were created. The first
geometry file was created to describe the existing conditions of the river reach
and had an extension “.G01”. The second geometry file described the
proposed geometry of a new bridge along the same river reach and, since it
was the second geometry file that was created, it had an extension “.G02.”
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Finally, a steady flow data file was created that contained the 100-year flow
event. This steady flow file had an extension “.F01.”

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 (.GO1) with the
100-year steady flow data (.FO1). The second plan associated the proposed
geometry (.G02) with the same 100-year steady flow data (.FO1). 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 (.O01) 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
following sections.

Existing Conditions Geometry

A geometry file was created that modeled the existing conditions for a reach of
Napa Creek. This reach is a manmade channel 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 display
the river system schematic as shown in Figure 7.1.

The river reach is defined by 84 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 is comprised of :
a description; X and Y coordinates; downstream reach lengths, Manning’s n
values; main channel bank stations; and contraction and expansion coefficients.
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Figure 7.1 Napa Creek River System Schematic

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 1002; 1208
and 1229; 1318 and 1383; 2484 and 2540. Each of these 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.1 and B.2 in Appendix B of the
Hydraulic Reference Manual.

The focus of this project is to replace the existing bridge structure located at
river station 2512. To view the existing bridge, from the Geometric Data
Editor select the Bridge/Culvert icon and toggle to river station 2512. This
will display the Seminary Street Bridge at river station 2512 as shown in
Figure 7.2.

The bridge deck and roadway information was 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.)
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After all of the geometric data were entered, the geometry file was saved. This
was performed from the Geometric Data Editor by selecting File and then
Save Geometry Data As. The title was entered as “Existing Geometry” and
the OK button was selected.

Bridge Culvert Data - Existing Geometry
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Figure 7.2 Seminary Street Bridge at River 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.” The flow
value of 4070 cfs, representing the one-percent chance flood, was entered at
river station 3800 (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 Flow Data Editor, File and then Save Flow Data As were
selected. The title “100 year flow” was entered and the OK button was
selected. The editor was then closed.
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Figure 7.3 Steady Flow Data Editor

Existing Conditions Plan

Once the geometric data and steady flow data were entered and saved, a plan
that associated these two files was created. To perform this, from the main
program window, Simulate and then Steady Flow Analysis were selected.
This activated the Steady Flow Analysis Window as shown in Figure 7.4,
Next, a Short ID was entered as “Existing.” The geometry file “Existing
Geometry” and the steady flow file “100 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 arrows.)
A subcritical analysis was chosen as the Flow Regime and then, File and Save
Plan As were selected. The title "Existing Plan Data” was entered and the OK
button selected. This created a plan that associated the existing conditions
geometry file with the steady flow file. This plan had an extension “.P01”
because it was the first plan created.

After the plan was saved, the COMPUTE button was selected to execute the
program. During the execution, a run file with the extension “.R01” and an
output file with the extension “.0O01” were created. The extension number 01
for both the run and output files correspond with the plan with the same
extension number.
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Figure 7.4 Steady Flow Analysis Window - Existing Conditions Plan

Existing 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 profile 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.
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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 100-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 100-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
file “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
remain unchanged.

With the “Proposed Bridge” geometry file, the Geometric Data Editor was
activated and the Bridge/Culvert icon was selected. River station 2512 was
chosen at the top of the editor and the Deck/Roadway icon was selected. The
existing bridge data was deleted and the new information was entered. The
new bridge decking was proposed to have a high cord elevation 1 foot higher
than the existing bridge deck. This elevation was chosen as an initial estimate
for the proposed bridge and can be altered after the output is reviewed.

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 67 and 82. The pier editor was closed and the resulting bridge
appeared as shown in Figure 7.6. Finally, the Description was modified to
“Seminary St. Bridge - Proposed.” The Bridge Modeling Approach Editor
was not altered and the Bridge/Culvert Data Editor was closed.
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Figure 7.6 Seminar Street Bridge - Proposed

Since the bridge geometry changed at river station 2512, the expansion and
contraction reach lengths were adjusted in the vicinity 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 Save Geometry Data from the File menu of the Geometric Data
Editor.

Steady Flow Data

The steady flow data for the analysis of the proposed bridge will be the same
flow data used with the existing geometry. Therefore, there were no
adjustments made to the steady flow data file “100 year flow.”

Proposed Conditions Plan

A new 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
Simulate and Steady Flow Analysis were selected. A Short ID was entered
as “Proposed” in the upper right corner of the window. The geometry file
“Proposed Bridge” and the steady flow file “100 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
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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 compare the results of the two plans and the two water surface
profiles simultaneously.

of Existing and Proposed Plans

To compare the output from the two plans, the user can view the results
graphically and in tabular format. This comparison will describe the methods
to view the outpus for both plans simultaneously.

Profile Plot

To view the profile plot of both plans, from the main program window select
View and then Water Surface Profiles. Then, select Options and Plans. This
will activate the pop-up box shown in Figure 7.7. The box is divided into two
sides: Available Plans and Selected Plans. The selected plans will be displayed
when the box is closed. A plan is selected by double clicking on the plan title
that appears under the “Available” heading. This will cause the plan titles to
also appear under the “Selected” heading. To remove a plan, double click on
the plan title under the heading “Selected.” Additionally, the Select All and
Clear All buttons can be used. For this example, both plans were selected by
choosing the Select All button. Then, the OK button was chosen to exit the
window. This resulted in the profile as shown in Figure 7.8.

Select Plan

, Sele::td Plans
Existing Plan Data Existing Plan Data
|Proposed Plan Proposed Plan

. Cancel |

Figure 7.7 Plan Selection Box
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Figure 7.8 Profiles of Both Existing and Proposed Plans

Figure 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 figure. The first profile is labeled "WS
100 yr - Existing” and is a solid line. The label “WS 100 yr” refers to the label
of the flow data for the first water surface profile, while the label “Existing”
refers to the Plan Short ID that was entered in the Steady Flow Analysis
Window. Therefore, this water surface is for the Existing Condition plan.
Similarly, the label “WS 100 yr - Proposed” is the 100 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.
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Napa Cr. Bridge Project - Example 7

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 2512 (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.

1) Existing 2) Proposed
Geom: Proposed Bridge Flow: 100 year flow

River = Napa Creek Reach = South Reach Seminary St. bridge - Proposed

< .08 > .035 > .08 1
30 ﬂ Legend ,‘
j - g ‘ —WS 100 yr - Existing |
25 Tr - | ws100 yr - Proposed l
E j Gro:und ;
E’ 20 1 Ingff :
'.(:) I Bank Sta
m > | J
3 157
w ]
1
10
5 ] T T T T T T T T T | T T T 1
0 20 40 60 80 100 120 140 160

Station (ft)

Figure 7.9 Cross Section 2512 for Proposed Plan showing both Existing and Proposed Profiles
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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 headings and legend are as described previously.
The cross section 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.
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Standard Table

In addition to graphical displays, the user can compare the output in tabular
form. From the main program window, select View and then Profile 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 are from. The
identifiers in this column are obtained from the 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 flow parameters for each plan.

i Profile Output Table - Standard Table 1

File Options Std Tables UserTables Help

HEC-RAS Piver Naps Creek Reach: South Reach

Reach RiverSta |Plan QTotal | MinChEIl |W.S. Elev| CritW.S. | EG Elev [E.G. Slope} Vel Chnl | 4]
_(cfs) ) (®) () ® (f/ft) fs) |- i

South Reach|3800 Existing § 407000 1274 2637 2270 2686 0003860 977
South Reach{3800 Proposed | 4070.00 12.74 24.75 22.70 26.49 0.004957 10.58
South Reach|3700 Existing 4070.00 11.50 24.74 22.21 26.41 0.004680 10.36
South Reach|3700 Proposed 4070.00 11.50 2363 22.21 25.86. 0.006870 11.99
South Reach|3600 Existing 4070.00 1317 24.43 21.78 2592 0.004087 9.82
South Reach{3600 Proposed | 4070.00 13.17 22.91 21.78 25.16 0.007118 12.04
South Reach|3500 Exising | 4070.00 8.97 24.41 19.08 2552 0.002105 8.48
South Reach|3500 Proposed 4070.00 8.97 23.01 19.08 2446 0.003270 9.68
South Reach{3400 Existing 4070.00 8.50 24.28 18.63 25.23 0.001851 8.11
South Reach{3400 Proposed 4070.00 8.50 22.74 18.63 2412 0.003029 945 ~
d ] 0

[Total flowin cross section. ~ .

Figure 7.10 Standard Table 1 for 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 display the data for that plan. This occurs for river station 2549*
and 2471%*, which are only used in the proposed geometry plan. These river
stations can be viewed by using the down arrows on the right side of the table.
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Bridge Only Table

In a similar 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.

Table 7.2 Bridge Only Table for both Exiting and Proposed Plans

i Profile Output Table - Bridge Only

File Options Std Tables UserTables Help

HEC-RAS River. Mapa Creek Reach: South Reach

Reach River Sta [Plan E.G.US. [MinEIPrs |BROpenAreaiPrs OWS| QTotal [MinTopRd] QWesir | DeltaEG
0 ® (saf) ® | ® @ | ®

South Reach|2512 Existing 23.95 20.30 360.65 2353  4070.00 22.90 197.09 2.87
South Reach|2612 Proposed 21.74 21.90 489.45 4070.00 2380 0.70
South Reach|1350 Existing 17.81 18.20 43135 4070.00 21.90 0.44
Sauth Reach|1350 Proposed 17.81 18.20 43135 4070.00 21.90 0.44
South Reach|1218.5  |Existing 17.13 17.10 421.87 4070.00 20.00 0.25
South Reach|1218.5 Proposed 17.13 17.10 421.87 4070.00 20.00 0.25
South Reach|379 Existing 16.37 16.70 367.20 4070.00 19.70 0.75
South Reach|378 Propased 16.37 16.70 367.20 4070.00 19.70 0.75

Energy grade elevation at bridge or culvert (final answer).
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As for the standard table, the river reach and river stations are shown in the
first two columns and the Short IDs are used to identify the plans in the third
column. This table shows that for the bridge at river sation 2512, weir flow
occurred for the exiting 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 change 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.

§ X-Y-Z Perspective Plot —Tolx] ’
File Options ; ! -
River Sta.Start: [3300 -] E]E[ Kl L 3 A
i I - -25
River Sta. End: |2200 vi Rotation Angle ‘
\ AzimuthAngle 9 =

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
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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 number 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 multiple 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.

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 : “Looped Plan”
Geometry : “Looped Geometry”
Flow : “10, 50, and 100 year flow events”

Geometric Data

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.

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 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 1000 feet long. These two streams then join at Coburn to form
Lower Spruce Creek.
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Geometric Data - Looped Geometry !E[B
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Figure 8.1 River System Schematic for Spruce Creek and Bear Run

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 coordinates, downstream reach lengths,
Manning’s n values, main channel 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 Data Editor. The title “Looped
Geometry” was entered and the OK button selected. This was the only
geometry file for this 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 Junction 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
Junction Namse lTUSSQyVi”e Iﬂm m Apply Dats Computation Mode
® Energy

Description ISpruce Creek Split O Momentum

Length scross Junction L ’f“dd Fri C‘.ﬁD"
__From. Spruce Creek -Upper Spruce | L. o08 deghe
'To: Spruce Creek - Middle Spruce
To: Bear Run - Bear Run 70

| OK T T

Figure 8.2 Junction Data Editor for Tusseyville Junction

The next piece of information required 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
possible. This will allow for a more accurate calculation of the energy losses
across the junction. These values were entered as 80 and 70 feet, for the
distances to Middle Spruce and Bear Run, respectively.

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. Therefore, the energy method was selected for
the analysis. For a further discussion on stream junctions, the user is referred
to example 10 and to chapter 4 of the Hydraulic Reference Manual.

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
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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 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 editor.

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 number of profiles was chosen to be 3. These profiles will represent the

10, 50, and 100 - year flow events. When the number of profiles is entered, the
table expands to provide a column for each profile.

Steady Flow Data - 10, 50. and 100 year flow events HE=l 3
File Options Help
Enter/Edit Number of Profiles: |3 Reach Boundary Conditions l Apply Data I

Locations of Flow Data Changes

River: [Bear Run _:]

Reach: [BaarRun . _:_] River Sta.: l14?0 'l Add A Flow Change Location|

‘. Reach 10yr 50yr 100 yr
1 |BearRun  |BearRun 1470 130 350 440
2 |Spruce Creek  |Upper Spruce 2500 300 800 1000
3 |Spruce Creek  |Lower Spruce 465 300 800 1000
4 |Spruce Creek Middle Spruce 1960 170 450 560

[Edit Steady flow data for the prafiles (cfs)

Figure 8.3 Steady Flow Data Editor - Looped Plan - 1st Flow
Distribution
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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 1000 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 equal.

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 ft/ft. After the boundary
condition was entered, the editor was closed and the flow data was saved as
“10, 50, and 100 year flow events.”
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® Setboundary forall pmﬁles

Stéa(‘I‘yHFlo;.M dendafy Conditions
(3 Setboundary for one profile st atime

Known W.S. I ‘ I Critical Depth'-T ‘ Normal Depth l I Rating Curve l | Deleta '
Rivar Reach Profile Upstream | Downstream
Bear Run BearBun all Junction=Tussewville Junction=Coburn
Spruce Creek Upper Spruce . 8l Junction=Tusseyville
Spruce Creek Middle Spruc  all Junction=Tussewville Junction=Coburn
Spruce Creek LowsrSpuce | all Junction=Coburmn iNormal Depth S = 0.0004
oo | el [ e ]

| Select Boundary condition for the downstream side of selected reach.

Figure 8.4 Steady Flow Boundary Conditions for Looped Network

Steady Flow Analysis
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After the geometric and flow data were entered, the files were then saved as a
plan. This was performed by selecting Simulate and then Steady Flow
Analysis from the main program window. This activated the Steady Flow
Analysis Window as shown in 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.

Bl Steady Flow Analysis
Eile Options Help

: [oopedPlan ~ ShotiD
- GeometryFile: |Looped Geometry .

SteadyFlowFile:  [10,50, and 100 yearfiow events
" ~Flow Regime ‘
' Subcritical
C Supercritical
 Mixed

[Enter to compute water surface profiles

Figure 8.5 Steady Flow Analysis Window
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(Note: Since there was only 1 geometry file and only 1 flow file, this was not
necessary.) Then, File and Save Plan As were selected 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 Results for Initial Flow Distribution

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 and Middle Spruce. To determine
the adequacy of the previously chosen flow distribution, the energy gradeline
elevations at the upstream end of Bear Run and Middle Spruce will be
compared. To determine the calculated energy values, the Standard Table 1
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 Table,
Std. Tables, and then Standard Table 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 total
flow in the river reach 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 23.37, 25.19, and 25.67 feet for the three flow profiles. By
selecting the down arrow on the right side of the table, the energy gradeline
elevations for the upstream river station of Bear Run (river station 1470) were
23.10, 24.96, and 25.52 feet. By comparing these values, it can be seen that
the energy gradelines differ by 0.27, 0.23, and 0.15 feet for the three profiles,
respectively.

Since the upstream river stations on Middle Spruce and Bear Run were located
close to the stream junction, the energy gradeline elevations for these two river
stations should 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.
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EE Profile Output Table - Standard Table 1

File! Options Std. Tables UserTables Help

HEC-RAS Plan: Loop River Spruce Creek Reach: Middle Spruce

Reach RiverSta | QTotal | MinChEl {WS. Elev| CritWS. | EG Elev [EG. Slope] Vel Chnl |Flow Area |4

) | ® ) ® ® | @ | (s | sq [
Middle Spruce|1860 170.00: 19.32 23.27 2162 2337 0.001842 251 67.66
hiddle Spruce|1960 450.00 19.32 25.02 22.89 25.19 0.001804 3.28 140.22
Middle Spruce|1960 560.00 19.32 25.50 23.28 25.67 0.001595 3.38 196.49
Middle Spruce{1830 170.00 19.14 23.04 21.42 23.13 0.001827 2.48 68.59
Middle Spruce|1830 450.00: 19.14 24.81 22.69 2496 0.001636 3.20 155.14
Mi‘dd’le Spruce|1830 560.00 19.14 25.30 23.05 25.47 0.001513 3.36 195.00_:_1
41 »

{

§ otal flow in cross section. }

Figure 8.6 Standard Table 1 for First Estimate of Flow Distribution

Steady Flow Analysis with New Flow Distribution
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After reviewing the energy gradeline values at the upstream river stations for
Middle Spruce and Bear Run, the flow rates for these river reaches were
redistributed. Since the 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
was apportioned to Bear Run for all of the profiles. To perform this, the
Steady Flow Data Editor was activated and the flow values were adjusted.
Then a subsequent analysis was performed and the energy values compared.
This 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 Creek. These values should 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.
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Table 8.1 Final Flow Distribution for Looped Plan

Reach River Profile Flow Energy Gradeline
Station Rate Elevation (ft)
(cfs)
Upper Spruce 2040 1 300 23.29
Middle Spruce 1960 1 155 23.25
Bear Run 1470 1 145 23.23
Upper Spruce 2040 2 800 23513
Middle Spruce 1960 2 420 25.08
Bear Run 1470 2 380 25.08
Upper Spruce 2040 3 1000 25.68
Middle Spruce 1960 3 535 25.60
Bear Run 1470 3 465 25.60

Analysis of Results for Final Flow Distribution

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 of Upper Spruce, Middle Spruce, and Lower Spruce Creek were
selected. This represents the flow along the right side of the river schematic.

Similarly, the flow along the left edge of the river schematic can be viewed by
selecting the river reach Bear Creek instead of Middle Spruce. This is
performed by selecting Options, Reaches, and then the appropriate river
reach.

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 analysis, the upstream 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

8-9




Example 8 Looped Network

upstream energy values 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 H =] B3

File Options Help

Looped Network - Example 8 Looped Plan with final flow distribution A
Geom: Looped Geometry Flow: 10, 50, and 100 yr - final flow dist
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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 supercritical flow, creating a backwater effect
and causing subcritical flow immediately upstream from the bridge.

The discussion of this example will focus on the analysis of the 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 : “Putah Creek Bridge”
Geometry : “Base Geometry Data - Energy”
Flow : “100 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. Cross section 12 is the upstream river station and cross section

1 is the downstream river station. Additionally, a bridge was located at river
station 7 and will be discussed in a subsequent section.
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Figure 9.1 Putah Creek River System Schematic

Cross Section Data

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 following 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
the structure, to determine the energy losses through the structure. The
modeler is referred to 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.
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For this example, the flow used for this analysis will remain in the main
channel during the event. Additionally, there is only one pier for the bridge
and the cross sections in the vicinity of the 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 more accurately calculate the energy losses along the
channel. The cross-section data from the field survey 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 Options, XS Interpolation, and then Within a Reach.
This activated the XS Interpolation by Reach Window as shown in Figure
9.2.

X3S Interpolation by Reach

River |Putah Craek )

Resch: |Putah Creek |*|

Stering RivSte: |12 [+]

Ending Riv Sta: IT |_i_:J

Maximum Distance betweenxS's: ISU

[ Delete Interpolated XS's t ] Interpolate XS's ]
[ Close l l Help ’
Enter maxdistance between intarp XS's.

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 interpolated cross sections along the entire
river reach. After the interpolation, each interpolated cross section was
reviewed to determine the adequacy of the interpolation. For additional
discussion on cross section interpolation, the 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 L engths
Rivsr: ITDUiah Cresk I_%J a‘ l % I é'
~ Reach: [Putnh Creek [EJ
 -Selected Area Global Edlits .
Add Constant | | Multiply Factor I - SetValues
River Sta LoB | Channet & ROB +
5 10 475 50 51.5
6 95 475 50 51.5
7 9 605 50 50
8 8.5 605 50 50
3 8 110 {10 AL :J
10 7 Bridge
11 6 525 50 47.5
12 85 525 50 47.5
13 5 62 50 47.5
|14 45* 62 50 47.5
15 4 50 50 50 =

Figure 9.3 Reach Lengths Table for Puta Creek

Bridge Data

To enter the bridge data for this example, first the deck/roadway data, then
the pier data, and finally the bridge modeling approach data were entered.
These components are described in the following sections.

Deck/Roadway Data. From the Geometric Data Editor, select the
Bridge/Culvert icon. This will activate the Bridge/Culvert Data Window.
Then select the Deck/Roadway icon on the left side of the window. This
will activate the Deck/Roadway Data Editor as shown in Figure 9.4.

As shown in the Figure 9.4, the first item on the top row of the editor is the
distance from the river station immediately upstream of the bridge (river
station 8) to the upstream side of the bridge. For this 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 10 feet and the 90 feet to
obtain 100 feet as the distance from the river station 8 to the downstream side
of the bridge. From the Reach Lengths Table, it can be seen that the
distance from river station 8 to river station 6 was 110 feet. Therefore, the
program will allow for 10 feet of distance from the downstream side of the
bridge to river station 6 (the river station located immediately downstream of
the bridge). The last item on the top row of the editor is the weir coefficient
which was set at 2.9.
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DeckiRoadway Data Edi
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@ Broad Crested

C Ogee

I OK l I Cancel ! i Clear I | Copy Up to Down1
;'-Emsr station, high cord and low cord for deck/roadway. ]

Figure 9.4 Deck/Roadway Data Editor

The central portion of the editor consists of the station and elevation data for
the low and high cords of the deck/roadway. These values were entered as
shown. Finally, the bottom portion of the 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 enter 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 geometry consisted of only one pier located at a
centerline station of 150 and a width 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
defined for the analysis. This was due to the 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.
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Bridge Culvert Data - Base Geometry Data - Energy [ {D] X]
File VYiew QOptions Help
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Figure 9.5 Bridge/Culvert Data Editor

Bridge Modeling Approach. The final component of the geometric data is
the entering of the coefficients for the bridge analysis. This was performed
by selecting the Bridge Modeling Approach icon on the Bridge/Culvert
Data Editor. This activated the Bridge Modeling Approach Editor as

shown in Figure 9.6.

The first selection is the low flow computation methods. For this example,
the energy and momentum methods were selected. Then, the Highest Energy
Answer field was selected. This will inform the program to use the greater
answer of the 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.)

9-6



Example 9 Mixed Flow Analysis

Bridge Modeling Approach Editor
Add | copy | Delete | Bidge# [1 <] [4] E]

" Low Flow Methods
Use Computa ;
M Energy (Standerd Step)

¥ Momentum CoetDragCd  |1.33

™ Yamell (Class A only) Pier Shape K I

™ WSPRO Methad (Class Aonly) WSPRO Variables |
Highest Energy Answer

2 B9 @

2

High Flow Methods
' Energy Only (Standard Step)

T Pressure and/or Wair
Submetgad Inlat G (Blank for table) I

Subrnargad Inlat « Ouilst Cd 0.4

MaxLow Cord (Blank for default)

oK Cancel | Help |

Enter Cd Cosfficient for momstum computations

Figure 9.6 Bridge Modeling Approach Editor for
Energy Method Analysis

This concluded 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.

Steady Flow Data

To enter the steady flow data, first the profile data and then the boundary
conditions were entered. These data 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 was chosen to be one. When this number was entered, the
table portion of the editor adjusted for this number of profiles. Then, the
100-year flow rate of 3200 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 [_ 1ol >}
File Qptions Help

Enter/Edit Number of Profiles:

Reach Boundary Conditions ’ Al Cala [
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_____ __Frofile Namas and Flo
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[Edit Steady flow data for the profiles (cfs)

Figure 9.7 Steady Flow Data for Puta Creek

Boundary Conditions

To enter the boundary conditions, the Boundary Conditions icon was
selected from the Steady Flow Data Editor (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 condition. As can
be seen in Figure 9.8, a Normal Depth upstream boundary condition was
selected with a slope of 0.01 ft/ft. Additionally, a downstream boundary
condition was selected as Critical Depth. The selection of these boundary
conditions will be discussed in the analysis of the 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.”
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Steady Flow B‘bundary Conditions
& Sethoundary for all profiles C Sethoundary for one profile at a time
knownWss. | [ CiticalDepth | | NomaiDepth | [ Retingcune | | Delete |
River Reach Profile Upstream Downstream
Putah Cresk - Putah Cresk all  |Nomal Depth S=0.01 Critical
| OK l l Cancsl ] l Help I
| Select Boundary condition for the downstream side of selected reach. ]

Figure 9.8 Steady Flow Boundary 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 Simulate and then Steady Flow Analysis. 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 “100
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 Plan 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). Finally, the COMPUTE button was selected to perform
the analysis.
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Bl Steady Flow Analysis s eS|
File Qplions Help
Plan: Putah Creek Bridge - Energy ShoriD  |Energy
Geometry File : |Base Geometry Data - Energy |
Steady FlowFile:  [100 Year Discherge |
;- Flow Regime —— Plan Description :
| € Subcritical B
¢ Supercritical
& Mixed
I i COMPUTE :
;’Entartn compute water surface profiles

Figure 9.9 Steady Flow Analysis Window

Review of Output for Energy Analysis

The modeler can review the output in both graphical and in tabular form. For
this analysis, first the water surface profile was plotted and then the profile
table and the cross section table for the bridge were reviewed.

Water Surface 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 Figure 9.10. The profile shows the energy gradeline, the water
surface, and the critical depth for the flow of 3200 cfs (the only flow for this
example).

To perform the mixed flow analysis, the program will first compute a
subcritical flow profile for the entire river reach starting at the downstream
river station. The program will flag any location that defaulted to critical
depth. Next, the program will perform a supercritical analysis for 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
for the subcritical flow at any river station that has a valid answer in both
flow regimes. The flow regime with the greater specific force will control at
that river station. For a further discussion on mixed flow analysis, the user is
referred to the section “Mixed Flow Regime Calculations” in chapter 4 of the
Hydraulic Reference Manual.

For this example, it can be seen in Figure 9.10 that the flow is supercritical at
the upstream end of the river reach because the water surface is below the
critical depth line. This was determined by comparing the specific force of
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the user defined upstream normal depth boundary condition with the
subcritical flow answer. The program had determined that the specific force
of the supercritical flow boundary condition was greater than that of the
subcritical flow answer and therefore used the upstream boundary condition.
The program then continued in the downstream direction with a supercritical
flow profile.

- Profile Plot = 10] ]

File Options Help
Mixed Flow - Example 8 Putah Creek Bridge - Energy :-J
Geom: Base Geometry Data - Energy  Flow: 100 Year Discharge ]
i Putah Creek > |
1290 Legend ]
EG 100
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2 Ground
©
3
] 1275 1
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1265 T — T T T ]
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Figure 9.10 Water Surface Profile for Energy Analysis With Mixed
Flow Regime

When the program calculated the water surface profile for river station 9, it
determined that there was a valid answer for 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 specific force. This implies that the flow at river station 9 was
subcritical and that a hydraulic jump developed upstream of this river station.
This can be seen in Figure 9.10 to have occurred between the main channel
stations of 710 and 760 (river stations 9 and 9.5*). This hydraulic jump
occurred because the cross section geometry in the vicinity of the bridge
caused a constriction of the flow and a backwater was created upstream from
the bridge. This backwater created a subcritical profile immediately
upstream of the bridge and a hydraulic jump was necessary for the flow to
transition from supercritical to subcritical.
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EZ Profile Qutput Table - Standard Table 1
Eile Options Std. Tables UserTables Help
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Total flow in cross section.

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 Tables, and then Std.
Table 1. This table is shown as Figure 9.11 and shows a water surface
elevation of 1280.88 and a critical water surface elevation of 1281.56 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 surface
elevation of 1282.36 is greater than the critical water surface of 1281.01 and
implies a subcritical flow regime. The modeler can use this table to
determine all of the computed values that are displayed on the profile plot as
shown in Figure 9.10.

Referring back to Figure 9.10, as the calculations continued through the
bridge, Class B low flow was found to occur since 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 these sections and set the flow at critical depth at the section that is
the most constricted and has the greater specific force. For this example, the
flow was set at critical depth at the bridge upstream inside cross section, as
shown in Figure 9.10. Additionally, if the 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.
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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 warnings and notes intended to alert the
user of possible inconsistencies with the results. For example, if the user had
selected a subcritical flow regime, the water 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

As can be seen in Figure 9.12, the water surface coincided with the critical
depth line for the majority of the river stations. A review of the Summary of
Errors, Warnings and Notes would reveal the repetition of the 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 the user
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has requested a subcritical flow analysis but the program could not determine
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 selected 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
defaulted 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 provide for both
subcritical and supercritical flow answers when the mixed flow regime is
selected.
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Figure 9.13 Water Surface Profile for Energy Analysis with
Supercritical Flow Regime

The analysis of the river reach in the subcritical and supercritical flow
regimes are not provided as plans for this example. They were computed and
presented to show what would develop if these flow 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
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File Options

E= Profile Output Table - Bridge Comparison
Std. Tables UserTables Help

for the descriptions of the warnings, errors, and notes, the user is referred to
example 1 and to chapter 10 of the User’s Manual.

Profile Table - Bridge Comparison

Returning to the mixed flow analysis of the 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 Table, Std. Tables, and
then Bridge Comparison. This will activate the Bridge Comparison Profile
Table as shown in Figure 9.14.

|

HEC-RAS Plan: Energy River. Putah Creek Feach: Putah Creek

Reach

River Sta | EG.US. | W.S.US. |Br Sel Mthd|Energy EGIMomen. EG[Yamell EGIWSPRO EG| Prs OEG Prs/WrEG
() (t) L@ (t) el (t) (t)
Putsh Creek|? 1283.1% 128239 Momentum 128307  1283.19
R >

Energy grade elevation at bridge or culvert (final answer).

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
bridge location. For this example, the bridge is located at river station 7. The
third column shows the energy gradeline elevation that was used as the final
answer for the analysis, 1283.19 ft. The fourth column displays the water
surface elevation (1282.39 ft) that corresponds to the energy gradeline in
column three. The fifth column displays the bridge method that was selected
as the final answer. Finally, the sixth and seventh columns show the results
of the energy and momentum methods 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 1283.07 ft for the energy gradeline. The momentum
method produced a result of 1283.19 for the upstream energy gradeline. The
program selected the momentum method for the final solution because the
bridge is exhibiting class B flow, and the momentum method is the default
solution when class B flow occurs.

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
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Section Table as shown in Figure 9.15. For this example, there was only one
bridge located on Putah Creek at river station 7. The left side of the table
shows the energy and water surface elevations for the river station
immediately upstream of the bridge (as shown in Figure 9.14). The right side
of the table displays information for the two cross sections located inside of
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.
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Figure 9.15 Bridge Type Cross-Section Table for Energy Method

This completed the review for the energy method analysis. As a final review
of the water surface profile as shown in Figure 9.10, it can be seen that the
water surface upstream of the bridge did not encounter the bridge decking for
the energy method analysis and therefore was calculated as a low flow
profile. However, the water surface elevation is very close to the bridge
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decking and, due to the turbulent wave action of the flow, may jump to
pressure flow during the event. Therefore, an additional analysis was
performed with the pressure/weir flow option selected for the high method.
This is discussed further in the next section.

Pressure/Weir Analysis

The water surface profile in the vicinity of the bridge was calculated as low
flow for the energy method analysis. However, 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 determine when pressure flow will begin to
occur. As can be seen in Figure 9.10, 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 pressure/weir method, the geometry file “Base Geometry Data -
Energy” was activated. Then the Bridge/Culvert icon and the Bridge
Modeling Approach icon were selected. The “Pressure/Weir Method” was
then chosen for the high flow analysis. This Bridge Modelmg Approach
Editor is shown as Figure 9.16.

[(Add ][ copy |[Detete ] Briage# [T [2] [3] []

"Low Flow Methods
Use Compute
C X Energy (Standard Step)
C X Momentum CoefDragCd  [1.33
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® HighestEnergy Answer

[ High Flow Methods
- |- C Energy Only (Standard Step)

® Pressure and/or Weir
Submerged Inlet Cd (Blank for table)

Submerged Inlet + Outlet Cd 0.9
Max Low Card (Blank for default)
[imoa)l s |[Fcancait | o]

Enter coefficient for submerged inlet and outlet

Figure 9.16 Bridge Modeling Approach Editor for
Pressure/Weir Flow Analysis
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For the pressure/weir analysis, the editor allows three input coefficients. The
first coefficient is for the flow situation when only the upstream side of the
bridge decking is submerged. For this example, the field was left blank so
that the table values would be used by the program. The second coefficient is
for the flow situation 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 value. 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. Pressure flow calculations will begin when the low flow energy
gradeline value is greater than the value entered in this field. If 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.

Next, the ineffective flow areas were added at river station 8 (the river station
located immediately upstream of the bridge). A left ineffective flow area was
set to begin 10 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.”
Next, this geometry file and the steady flow data file were saved as a plan.
This was performed by first activating the Steady Flow Analysis Window
from the main program window. The steady flow window is shown in Figure
9.17. Then, the geometry and steady flow file were selected by depressing
the down arrows on the right side of the window.

Bl Steady Flow Analysis ’ (o] %}

File Options Help
Plan: flsu?ahCreeandge Press/Weir . | ShortID .A;|Press/Weir

e Superciitical | B
; & Mixed

Enter to compute water surface profiles

Figure 9.17 Steady Flow Analysis Window for Pressure/W eir
Analysis
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Next, the Short ID “Press/Weir” was entered in the upper right corner of the
editor and the flow regime “Mixed” was selected. Finally, File and Save
Plan 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 flow data file. The plan name then appeared at the top of the steady
flow analysis window (as well as on the main program window).

After the new plan was created, the COMPUTE button was depressed to
activate the calculations of the water surface profile. The user can activate
this plan by selecting File, Open Plan, and then the plan “Putah Creek
Bridge - Press/Weir” to review the remaining discussion of this example.

Review of Output for Pressure/Weir Analysis

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 upstream water 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 bridge. For the flow to transition
from a supercritical to a subcritical profile, a hydraulic jump occurred in
between river stations 11 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.

9-19



Example 9 Mixed Flow Analysis
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Figure 9.18 Water Surface Profile for Pressure/Weir Flow Analysis

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 of the 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.1, the following information was required:

b = 90
B = 190
b/B = 0.50
S = 50
n,/n, = 0.035/0.025=14
Lobs = 45
where: b = bridge opening width, ft
B = floodplain width, ft
S bed slope, ft/mi
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N, = Manning’s n value of the overbank
n, Manning’s n value of the main channel
It average length of obstruction, ft

Il

From Table B.1, the expansion ratio (ER) was determined to be in the range
from 1.2 - 1.5. Using an average value of 1.3 yields an expansion reach
length (L,) of :

L, = (ER) (L) = (1.3) (45) = 60 feet

From the geometric data, the distance from river station 6 to 5.5* was set at
50 feet. This value is approximately equal to the expansion reach length as
determined above and the location of the river stations were not adjusted.

Contraction Reach Length. To estimate the contraction reach length, the
contraction ratio from Table B.2 was determined to be in the range from 0.8 -
1.4. Using an average value of 1.1 yielded a contraction reach length (L.) of :

L.=(CR) (L) = (1.1) (45) = 50 feet
From the geometric data, the 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 for a general guidance, because the data of the
example were not within the range of the data used to develop the regression
equations.

Bridge Comparison Table

As was shown in Figure 9.18, the water surface reflected pressure flow
through the bridge structure. To determine why this energy value was
selected, the user can review the Bridge Comparison Table. This table is
activated from the main program window by selecting View, Profile Table,
Std. Tables, and then Bridge Comparison. This table is shown in Figure
9.19.

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
water surface that corresponds to the energy value in column four. The next
four columns (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 1283.07 feet. The momentum method produced an
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answer of 1283.19 feet. Therefore, the program used the value of 1283.19 as
the answer for the low flow analysis (this is not necessarily the final answer
as is discussed subsequently).

i Profile Qutput Table - Bridge Comparison
File thions Std. Tebles UserTables Help

HEC-RAS Plan: Prese\veir River Putah Creek Reach: Putah Creek

BEE |

Reach River Sta | E.G.US. | W.S. US. |Br Sel Mthd|Energy EG[Momen EG

‘Yamell EGIWSPRO EG| Prs Q EG |Prs/WrEG
(t) (t) By (t) (t) (t) t)
Putah Creeki? 1284.80i 128437 Press Only  1283.07 1283.19 1284.80

4

Energy grade elevation at bridge or culvert (final answer).

Figure 9.19 Bridge Comparison Table for Pressure/Weir Fl;w Analysis

The tenth column (Prs O EG) displays the energy gradeline necessary for
only pressure flow to be occurring through the bridge. For this example, this
value is 1284.80 feet. The program then compared this pressure only energy
gradeline to the energy gradeline that was used for the low flow analysis
(1283.07). The greater of the two values was then used as the final answer.
For this example, the pressure only energy gradeline was the greater value
and the program then used the pressure only method as the final solution.

The ninth column (Prs/Wr EG) shows the calculated energy gradeline value
for the situation when both pressure and weir flow would occur. This
situation did not develop 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 chapter 5 of the Hydraulic Reference Manual.

Bridge Cross Section Table

As a final table for the review of the pressure/weir flow, the user can select
the Bridge Cross Section Table. This is activated from the main program
window by selecting View, Cross Section 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.
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=5 Bridge Output
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gate equations were used for pressure flow. x

;Energy grade elevation at bridge or culvert (final answer).

Figure 9.20 Bridge Cross-Section Table for Pressure/Weir Flow
Analysis

The bottom of the table displays the errors, warnings, and notes for the river
station. At this bridge location, the notes shown in the figure indicated that
the sluice gate equation was used for pressure 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.

X-Y-Z Perspective Plot

As a final review of the pressure/weir flow analysis, the X-Y-Z Perspective
plot was viewed. This plot was activated from the main program window by
selecting View and 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 right bank stations. Additionally, the alignment is based
upon the X-coordinates as entered by the user. If the X-coordinates for the
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cross sections are not all established from the same left baseline, then the plot
may not be accurately portraying the correct configuration of the river

system.
8 X-Y-Z Perspective Plot ToIX] I
File. OQOptions . ‘
River Sta.Start: |12 - E@ | 1 > a
i -20
River Sta. End: Il vl Rotation Angle

Azimuth Angle 24 =

o ‘/"
i

Figure 9.21 X-Y-Z Perspective Plot for Pressure/Weir Analysis

Summary
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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. Once the plot was activated,

Options and Plans were 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 100yr - Energy” and
“WS 100yr - Pressure” for the energy and pressure methods respectively.
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(Note: For this example, each plan only had one profile.) Similarly, the
legend description for the solid water surface profile signifies that this line is
for the first profile of the energy plan.

- Profile Plot BE!!!!
File - Options Hslp
Mixed Flow - Example 9 1) PressiWeir  2) Energy 5
Geom: Base Geometry Data - Press/Weir  Flow: 100 Year Discharge
|
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Figure 9.22 Water Surface Profiles for both Energy and Pressure
Analysis

A review of Figure 9.22 shows a significant difference in the calculated water
surface profiles for the two plans. During the energy analysis, the water
surface does not encounter the bridge decking and this lead to a low flow
profile. However, the pressure analysis determined that the water surface
came in contact with the upstream side of the bridge. With both of these
analyses, the modeler must use engineering judgement to determine which
profile is actually occurring.

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
immediately 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.
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Example 10 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 4 of the Hydraulic Reference
Manual for additional discussion on modeling 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 10.” This will open the project and activate the following

files:
Plan : “Junction - Energy”
Geometry : “Base Geometry - Energy Junction”
Flow : “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 10.1. The
schematic shows the layout of the two rivers (Spring Creek and Spruce
Creek) 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.

10-1
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Figure 10.1 River System Schematic

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 title of the stream junction. The
name “Pottsville” was entered for the stream junction 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 10.1 (without the river stations). The cross section data for the river
stations were entered next and are described subsequently.

Cross Section Placement

The location of the cross sections in relation to the stream junction are crucial
for the accurate calculation of the energy losses and the water surface across
the junction. There are three criteria that can be used as guidelines for the
placement 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
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sections of the junction are equal. Therefore, to minimize the error
associated with this assumption, the cross sections should be closely spaced
around the junction.

The second criterion is that the data used for the cross sections does not
overlap. The cross section data is acquired from a line perpendicular to the
flow lines. If 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 10.2, the cross
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.

Upper Reach Spruce Creek
) ' A |

Main

1 \ /] (— Limit of

8 /‘-.vn‘ | /t )< \\ Water Surface
i === g ‘
g =T NN
| X2
| fol
I . | —%-- 6
\_ Lower \
' Reach

Figure 10.2 Cross Section Placement Schematic

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 10.2, the cross section number 6 should 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
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10-4

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 will activate the
Cross Section Data Editor as shown in Figure 10.3. Cross section data were
entered for each of the three river reaches for this example. The top portion
of the editor shows the river , reach and the river 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 B3|

Exit Edit Options Plot Help

River. lSpmce Creek LI  Apply Deta '

Reach: lSprCe Creek j River Sta.: |0094 vl EB

Description ]Upstream River Station - River Mile 0.094 g
g roli Downstream Reach Lengths

Station Elevation

i :82.65

2 317 79.25

3 |355 78.65

4 432 75.95

5 439 73.05

61453 63.35 hain Channel Bank Stations

; ;‘fg gigg Left Bank Right Bank

9 554 638 o &

_1_9__59.3 68.05 Cont\Exp Coefficients

11 1608 7115 Contraction Expansion

12 [631 73.35 = ]g_] |[]_3

Edit Station Elevation Data (ff)

Figure 10.3 Cross Section Data Editor

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 should
be set at zero or left blank. Therefore, for this example, the downstream
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reach lengths at the river stations of 10.106, 10.000, 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 example, 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 activate the
Junction Data Editor as shown in Figure 10.4.

@ Energy
| Description ] Division of Upper Reach and Lower Reach © Mommentem
» [ Add Friction
: . [ Add Weight
To: Spring Creek - Upper Reach 80 Z
To: Spruce Creek - Spruce Creek 70
oK Floese || e |

Junction Data - Base Geometry - Energy Junction

' Junction Neme | Potivile [2][3] [¥][ “ppiy Dot= | Computstion Mode

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, there was only one junction which had been named
“Pottsville” and this junction name automatically appeared. Next, a
description for the junction was entered. The 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 across 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
entered as the distance across the junction from Upper Reach to Lower
Reach. The program will then use this distance of 80 feet as the length from
river station 10.106 (the downstream river station of Upper Reach) to river
station 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
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upstream river station on Lower Reach (10.091) to the downstream river
station on Spruce Creek (0.013).

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 will be selected and the results from the two methods will
be compared. A discussion on the computational procedures for each method
will be addressed during the review of the 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 Flow Data. This will activate the Steady Flow Data Editor as
shown in Figure 10.5. For this example, the number of profiles was selected
as one. When this number was entered, the table for the steady flow data
adjusted to account for the number of profiles that were selected.

Next, the flow values were entered. The user must enter a flow value at the
upstream end of each river reach and the table for the flow data will
automatically display the upstream river stations for each river reach. The
values of 1100, 3000, and 4100 were then entered as the flow values at the
upstream river stations for Spruce Creek, Upper Reach, and Lower Reach,
respectively.

After the steady flow values were entered, the boundary conditions were then
assigned. This was performed by selecting the Boundary Conditions icon at
the top of the window. This activated the Boundary Conditions Data
Editor as shown in Figure 10.6. As shown in the figure, a table is displayed
that lists all of the river reaches. The table will automatically display any
internal boundary conditions such as stream junctions. These internal
boundary conditions are based upon how the river system was defined by the
geometric data. The user can then enter any external boundary condition for
each river reach.

N
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Figure 10.5 Steady Flow Data Editor
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Figure 10.6 Boundary Conditions Data Editor
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For this example, a subcritical analysis was performed and therefore a
downstream boundary condition was required to be entered for the Lower
Reach of Spring Creek. To enter this boundary condition, the downstream
field for Lower Reach was selected and then the boundary condition Normal
Depth was chosen. A slope of 0.001 was then entered for this boundary
condition. For a further discussion on boundary conditions, the user is
referred to chapter 7 of the User’s 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 “10 Year Profile” was then entered
and the OK button selected.

Steady Flow Analysis (Stream Junction 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 Simulate and
then Steady Flow Analysis from the main program window. This activated
the Steady Flow Analysis Window as shown in Figure 10.7.

Bl Steady Flow Analysis o] ‘
File Options Help i
| ShotlD  |Eneray

Plan: [unction-Energy

Geometry File : lBase Geometry - Energy Junction _"_l
Steady Flow File : 11 0 Year Profile ﬂ
Flow Regime—— pjap Description: . ‘
& Subcritical ] Ca B
¢ Supercritical ]
 Mixed |
|

Enterto compute water surface profiles

Figure 10.7 Steady Flow Analysis Window

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
analysis. For this example, the Subcritical regime was selected. Then, the
geometry file “Base Geometry - Energy Junction” and the steady flow file
“10 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 flow file. Therefore, this step was not necessary.) To save
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these files as a plan, select File and then Save Plan As. The title “Junction -
Energy” was then entered as the plan title and the OK button was selected.
This associated the geometry and the steady flow file as a plan and the name
of the plan then appeared on the Steady Flow Analysis Window (as well as
on the main program window). Finally, the COMPUTE button was selected
to perform the analysis.

Review of Output for Stream Junction Energy Analysis

Elevation (ft)

To review the output 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 table 2 profile table will be reviewed.

Water Surface Profile

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 10.8. 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 figure, it can be
seen that the flow regime is subcritical because the water surface profile is
above the critical depth line. Additionally, the energy gradeline displays a
constant increase in energy in the upstream direction. Abrupt changes in the
water surface profile or the energy gradeline should prompt the user to
closely examine the flow situation at these locations.

Stream Junction - Example 10 Junction - Energy  6/2/1998
Geom: Base Geometry - Energy Junction Flow: 10 Year Profile
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il Legend
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Figure 10.8 Water Surface Profile for Energy Junction
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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 determine the water surface profile across the stream junction, the
program used the energy based solution routine for this plan. Since this was
a subcritical flow analysis, the program started the calculations at the
downstream end of the Lower Reach and computed the water surface profile
up to the upstream river station of Lower Reach (10.091). Then the program
performed standard step calculations 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 expansion losses were calculated to balance the energy from
river station 10.091 to each of the river stations 10.106 and 0.013 of Upper
Reach and Spruce Creek, respectively. By performing the calculations in this
manner, the downstream water surface elevations of Upper Reach and Spruce
Creek do not necessarily have to coincide.

Standard Table 2

As a further review of the output, from the main program window select
View and then Profile Table. Then select Std. Tables and then Standard
Table 2. This will result in the display as shown in Figure 10.9. The first
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 (as shown
in Figure 10.9) 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.

The table in Figure 10.9 can be reviewed to follow the standard step
computations across the stream junction. The energy gradeline elevation for
the upstream river station of Lower Reach (10.091) was 75.88 ft. When
calculating the energy losses across the stream junction from river station
10.091 to 10.106 (the downstream river station of Upper Reach), the program
determined that the friction loss was 0.09 feet and the contraction/expansion
loss was 0.06 feet. These values are displayed in the row for the Upper
Reach station of 10.106. By summing these losses, a total energy loss of 0.09
+0.06 = 0.15 feet is obtained. Then, this 0.15 feet of energy was added to the
energy of 75.88 feet to obtain an energy value of 0.15 + 75.88 = 76.04 feet at
river station 10.106. (Note: The table only displayed the values to two
decimal places and rounding of numerical values occurred.) The standard
step procedure was then continued upstream through the reach of Upper
Reach.
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= Profile Output Table - Standard Table 2
File Opfions Std.Tables UserTables Help

HEC-RAS Flan: Energy

Reach RiverSta | E.G Elev |W.S. Elev | Vel Head |Frcin Loss|C& E Loss| Qleft |QChannel| QRight |[Top Width
(t) (t (t) (t) T () o e e (t)
Uppet Reach|10.212 76.88 75.78 110 0139 0.003 3000.00 4193
Upper Reach|10.195 76.74 75.65 1.08 0.142 0.003 3000.00 42.44
Upper Reach|10.177 76.60 7551 1.08 0.142 0.002 3000.00 4287
Upper Reach{10.158 76.45 75.38 1.08 0136 0.003 3000.00 4328
Upper Reach|10.141 76.31 75.25 1.06 0132 0.002 3000.00 4373
Upper Reach|10.124 76.18 75.12 1.06 0139 0.003 3000.00 4412
Upper Reach|10.106 76.03 7499 1.05 0.095 0.063 3000.00 4452
Lower Reach|10.091 75.88 75.04 0.84 0.100 0.002 4100.00 67.19
Lower Reach|10.073 75.77 7492 0.86 0.108 0.001 4100.00 6798
Lower Reach(10.054 75.67 74.80 0.86 0.109 0.002 4100.00 68.80
Lower Reach|10.035 75.55 7470 0.86 0.097 0.008 4100.00 69.65
Lower Reach|10.018 75.45 74.62 0.83 0.098 0.011 4100.00 70.51
Lower Reach{10.000 75.34 7455 0.80 4100.00 71.48

Energy gradeline for given WSEL.

Figure 10.9 Profile Standard 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: If the table does not
display the information for all of the river reaches, the user can select the
appropriate reaches for display under the Options menu.)

Steady Flow Analysis (Stream Junction Momentum
Method)

After the energy method was used to analyze the stream junction, the
computation procedure was changed to the momentum method. This was
performed by opening the Geometric Data Editor and selecting the
Junction icon on the left side of the window. This will activate the Junction
Data Editor as shown in Figure 10.10.

The components of Junction Name, Description, and Reach Lengths were
kept the same as described for the energy method analysis. However, the
Computation Mode was selected as Momentum for the subsequent analysis.
For the momentum method, the user must enter the angles at which the
reaches are entering or leaving the junction. For a flow combining situation
(such as this example), the user must enter the angles of the inflow reaches as
measured from a line perpendicular to the upstream cross section of the
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outflow reach. (Note: Figure 4.9 in the Hydraulic Reference Manual will
assist the user to visualize the flow angles.)

Junction Data - Base Geometry - Momemtum Junction

Junction Name lPottsvilie L%!E] E Apnly Data Computation Mode

C Energy
Description Division of Upper Reach and Lower Reach
P P ® Momentum

X Add Friction
X AddYWeight

'To: Spring Cresk - Upper Beach i
To: Spruce Creek - Spruce Creek 70 45

i OK | | cancel e

Figure 10.10 Junction Data Editor for Momentum Method

For this example, the tributary angle from Upper Reach to Lower Reach was
entered as 0 degrees. This implies that the flow will continue in a straight
line. The flow angle from Spruce Creek to Lower Reach was then entered as
45 degrees, as measured from the survey data.

Finally, the user must select whether the program should 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 refer to chapter 4 of the Hydraulic
Reference Manual for a further discussion of the momentum equations.

After these changes were made, the Apply Data button was selected and the
junction editor was closed. Since this geometry file was changed, it was then
saved as a new file. This was performed by selecting File and then Save
Geometry As. The title “Base Geometry - Momentum Junction” was
entered and the OK button selected. Then the Geometric Data Editor was
closed.

From the main program window, Simulate and then Steady Flow Analysis
were then selected. This activated the Steady Flow Analysis Window as
shown in Figure 10.11.
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Sleady Flow Analysis [_ {T] X}
File Options Help

Plan: |Junction-Momentum ShortID IMomentum

Geometry File : |Base Geometry - Momemtum Junction |
SteedyFlowFile:  [10vear Profils -
r Flow Regime Plan Description :
| & Subcritical B
|  Supercritical
% C Mixed

[Enter to compute water surlace profiles |

Figure 10.11 Steady Flow Analysis Window for Momentum Method

In the upper right corner of the window, a Short ID was entered as
“Momentum.” Then, the geometry file “Base Geometry - Momentum
Junction” and the flow file “10 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 “Junction - Momentum” was entered. This plan title then appeared at
the top of the window (as well as on the main program window). Finally, the
COMPUTE button was selected to perform the analysis.

Review of Output for Stream Junction Momentum

Analysis

To review the output 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 table 2 profile table will be reviewed.

Water Surface Profile

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 10.12.

The profile plot shown in Figure 10.12 is similar to the plot as shown in
Figure 10.8, except Figure 10.12 is for the results of the momentum analysis
of the stream junction. Figure 10.12 shows the energy gradeline, the water
surface elevation, and the critical depth line. The profile is seen to be
occurring in the subcritical flow regime. As discussed previously, the user
can select other reaches to display the corresponding water surface profiles.
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Elevation (ft)
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Stream Junction - Example 10 Junction - Momentum 6/2/1998
Geom: Base Geometry - Momemtum Junction Flow: 10 Year Profile
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Figure 10.12 Water Surface Profiles for Momentum Junction Analysis

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 standard step procedure 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 this example) will solve simultaneously the forces in the X-direction for
the flow at river stations 10.091 (the upstream river station of Lower River),
10.106 (the downstream river station of Upper Reach), and 0.013 (the
downstream river station of Spruce Creek). The X-direction is determined as
the direction of the flow out of the junction (the direction of flow at river
station 10.091).

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.

N
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Standard Table 2

As a further review of the output, from the main program window select
View and then Profile Table. Then select Std. Tables and then Standard
Table 2. This will result in the display as shown in Figure 10.13. As
discussed previously, the first two columns in the table are in fixed format
and display the river 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.

As shown in Figure 10.13, 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 plan, the water surface elevations
across 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
10.106 (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 Upper Reach and Spruce Creek by using the standard step procedure in
the upstream direction.
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EZ Profile Output Table - Standard Table 2

File. Options Std Tables UserTables Help

HEC-RAS Plan: Momentum

River Reach River Sta | E.G.Elev | W.S.Elev | Vel Head |Frcin Loss|C& E Loss| QLleft |Q Channel
® () ® (f) ® | @ | (dhy
Spring Creek |Upper Reach|10.212 7717 76.16 1.01 0.122 0.004 3000.00
Spring Creek {Upper Reach|10.185 77.04 76.05 0.99 0.124 0.004 3000.00
Spring Creek [Upper Reach|10.177 76.92 75.94 098 0.123 0.003 3000.00
Spring Creek [Upper Reach|10.158 76.79 75.82 0.97 0.117 0.005 3000.00
Spring Creek [Upper Reach|10.141 76.67 75.72 0.95 0.113 0.003 3000.00
Spring Craek [Uppser Reach|10.124 76.55 75.61 0.84 0.118 0.005 3000.00
Spring Creek [Upper Reach|10.106 76.43 75.50 093 3000.00
Spring Creek [Lower Reach [10.081 75.88 75.04 0.84 0.100 0.002 4100.00
Spring Creek |Lower Reach [10.073 75.77 74.92 0.86 0.108 0.001 4100.00
Spring Creek [Lower Reach [10.054 75.67 74.80 0.86 0.109 0.002 4100.00
Spring Creek |Lower Reach [10.035 75.55 74.70 0.86 0.097 0.008 4100.00
Spring Creek |Lower Reach |10.018 75.45 7462 0.83 0.098 0.011 4100.00
Spring Creek {Lower Reach |10.000 75.34 7455 0.80 4100.00
Spruce Creek|Spruce Creek|0.034 76.53 75.93 0.60 0.101 0.005 1099.95
Spruce Creek|Spruce Creek|0.073 76.43 75.84 0.58 0.106 0.006 0.00 1099.94
Spruce Creek|Spruce Creek|0.062 76.32 75.75 057 0.092 0.005 0.01  1099.92
Spruce Creek|Spruce Craek|0.047 76.22 75.67 055 0.104 0.005 0.04 109988
Spruce Creek{Spruce Creek|0.023 76.11 75.58 053 0.088 0.006 0.09 1099.82
Spruce Creek{Spruce Creek|0.013 76.02 75.50 051 017 1099.72

»

sl

Calculated water surface from energy equation.

Figure 10.13 Standard Profile Table 2 for Momentum Junction Analysis

Comparison of Energy and Momentum Results

10-16

To compare the water surface profiles for the energy and the momentum

analyses of the stream junction, the water surface profile plot was selected to

view both of the plans. This was performed by selecting View and then
Water Surface Profiles from the main program window. Then, under the

Options menu, the reaches were selected as Upper Reach and Lower Reach.

Finally, under the Options menu again, both Plans were selected. This
resulted in the display as shown in Figure 10.14.

Figure 10.14 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 10” and the short

identifiers listed for each plan.
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Elevation (ft)

Stream Junction - Example 10 1) Momentum 2) Energy
Geom: Base Geometry - Momemtum Junction Flow: 10 Year Profile
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Figure 10.14 Water Surface Profiles for Upper Reach and Lower Reach for both
Energy and Momentum Junction Analyses

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 was different, for the two methods of computation across the
junction. If the standard step procedure was allowed to continue for a longer
distance upstream on Upper Reach, both of the water surface profiles would
eventually converge.

At this time, the user can select to view the combination of Spruce Creek and
Lower Reach and observe a similar result. The profile would show that the
momentum method produced a higher resulting water surface profile on
Spruce Creek than the energy method. However, the difference of the water
surface profiles for Spruce Creek is not 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 coefficients 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
elevations.
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Summary
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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. Additionally, as for the energy
method, the Manning’s n values can be adjusted to account for additional
friction losses associated with the stream junction.

Both the energy and the momentum methods were used to determine the
water surface profiles across the stream junction. For this example, the
resulting water surface profiles differed upstream of the junction for the two
calculation procedures.

The energy method used the standard step procedure with the coefficients of
expansion and contraction and the 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 equated the forces in one dimension and used the tributary angles to
balance the forces at the stream junction. Additionally, the Manning’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.
To reduce the error associated with this assumption, the cross sections should
be located close to the stream junction.

The momentum method is an attempt at a more theoretical analysis of the
stream junction. However, the user should be aware of the limitations of this
one-dimensional analysis. To determine the most applicable method for the
analysis, the user should compare the results to observed data and calibrate
the model as deemed appropriate.
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EXAMPLE 11

Bridge Scour

Purpose

This example will demonstrate the use of HEC-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 determine the
hydraulics of the 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 (FHWA, 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 of the Hydraulic
Reference Manual for additional discussion on modeling bridges.
Additionally, the modeler is referred to chapter 10 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 : “Scour Plan 17
Geometry : “Base Geometry”

Flow : “100-Year Discharge”
Hydr Design : “Hydraulic Design Data”
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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 10.90 as the upstream section. The user can
view the cross section data for each river station by selecting the Cross Section
icon on the left side of the Geometric Data Editor.

Geometric Data - Base Geometry =] B3
File Edit View Tebles Options Help ~
River 10.90 a
Reach -J
//

1

0 |

-

e ———

Figure 11.1 River System Schematic

Along this reach of Pine 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
Bridge/Culvert Data Editor. The bridge opening between the sloping
abutments is approximately 600 feet wide and the bridge is supported by six
piers, each with a width of 5 feet. The high and low cord values for the bridge
deck are 22 and 18 feet, respectively. The user can select the appropriate icons
to review the bridge data.

) \
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Bridge Culvert Data - Base Geometry [ (O] x| l
File View Options Help
River: |Pine Creek _'J Aaply Data {
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Figure 11.2 Bridge/Culvert Data Editor

After all of the geometric data had been entered, the editors were closed and
the geometry was saved as “Base Geometry.” Next, the steady flow data were

entered.

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 and one profile with a flow value of 30000 cfs was entered. This flow
rate represents the 1 percent chance event (100-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 title of “100-

Year Discharge.”
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Steady Flow Analysis

After the geometric and steady flow data were entered, the steady flow analysis
was performed. First, Simulate 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.

‘ Set Locations for Flow Distribution

 rSetGlobal Subsection Distribution
Set Global SubSections o8 [ [2]chemel [ [2]ros I [3]

-Set Specific Location Subsection Distribution
River. |Pine Creek (2]

Reach: lPine Creek
Stering RivSte: ~ 10.80

Ending RivSte: KL | Set Selected Range

Number of SubSections (tax 45 total)

[5 2] chamnel [20 [2] ros [f [2]

3]
|| LoB

Pine Creek  Reach=Pine Creek RS=10.00 LOB=5 Chan=20 ROB=5
Pine Creek  Reach=Pine Creek RS=10.17 LOB=5 Chan=20 ROB=5
Pine Creek  Reach=Pine Creek RS=10.23 LOB=5 Chan=20R0OB=5
Pine Creek  Reach=Pine Creek RS=10.35 LOB=5 Chan=20 ROB=5
Pine Creek  Reach=Pine Creek RS=10.36 LOB=5 Chan=20 ROB=5
Pine Creek  Reach=Pine Creek RS=10.37 LOB=5 Chan=20 ROB=5

B | e b e |

Figure 11.3 Flow Distribution Editor for Pine Creek

To perform the bridge scour calculations, the program requires detailed values
of the depth and velocity within the cross sections located just upstream from
the bridge (cross section 10.37 for this example) and at the approach section
(cross section 10.48). Therefore, 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 11.3,
the left and right overbanks were divided into 5 subsections each, and the main
channel was divided into 20 subsections. This will allow the program to
produce detailed results of the distribution of depth and velocity at the cross
sections.

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
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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 10
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 expansion and
contraction 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 Design - Bridge Scour

After a working model 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 scour computations are performed by selecting Simulate,
Hydraulic Design Functions, Functions, and then Scour at Bridges. This
will activate the Bridge Scour Editor as shown in Figure 11.4.

The top of the editor is used to select the River, Reach, River Station, and
Profile number for the scour analysis. For this example, the river and reach is
Pine Creek, the bridge is located at river station 10.36, and the scour analysis
was for the first profile.

The remaining portion of the editor is divided into three areas: input data tabs, a
graphic, and a results window. There are three tabs, one for each of the three
types of scour computations: contraction, pier, and abutment. The graphic
displays the bridge cross section (inside upstream). When the Compute
button is selected, the scour results will be displayed graphically on the cross
section and in tabular format in the results window. The following sections
describe the parameters for each of the three data tabs.
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Hydraulic Design - Scour at Bridges
File Functions View Help

approach section velocity (V1 = 4.43), in the main channel. Finally, the
contraction scour depth (Ys) was determined to be 2.26 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 main channel.
These contraction scour depths are also shown on the graphic display of the
bridge cross section in Figure 11.4.

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 will automatically fill 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.
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Figure 11.6 Hydraulic Design: Bridge Scour Editor - Pier Tab
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For this example, the Maximum V1 Y1 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 equation.” Next, the Pier # option was selected as “Apply to All
Piers” to inform the program that the data will be used 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 K1
value to be 1.00. Then, the Dy, 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 Dy, was entered as
0.026 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 (Ys) 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 results.

To perform the 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 (K1) was selected as “Spill-through abutment.” This set the K1
value to 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 “Default.” With this selection, the program will calculate the L'/
y, ratio to determine which equation to use. The modeler is referred to chapter
10 of the Hydraulic Reference Manual for a further discussion on the scour
equations.

This completed the data entry for the abutment scour and the Compute button
was selected. 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
equation was used for both the left and right abutment and the magnitude of the
scour was 10.63 and 14.90, respectively. Additionally, the summary table
displayed the values of the Froude numbers used for the calculation.
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Figure 11.7 Hydraulic Design: Bridge Scour Editor - Abutment Scour

Total Bridge Scour

The total bridge scour is the combination of the contraction scour and the local

scour (pier or abutment). To review the total scour, the user can toggle

to the

bottom of the summary table. For this discussion, a portion of the summary
table is shown as Table 11.1. This table 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= 2.26 6.65
Eqn= Clear Live Default
Pier Scour
All Piers: Ys= 10.85

Eqn= CSU equation

Abutment Scour

Left Right
Abutment Ys: 10.63 14.90
Equation: HIRE HIRE

Combined Scour Depths
Pier Scour + Contraction Scour
Left Bank: 13.11
Channel: 17.50

Left abut + contr: 12.89
Right abut + contr: 2135

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 13.11 feet (= 10.85 + 2.26) for the left bank and 17.50
feet (= 10.85 + 6.65) for the main channel. Additionally, the total left abutment
and contraction scour was 12.89 feet (= 10.63 + 2.26) and the right abutment
and contraction scour was 21.55 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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Summary

To perform the bridge scour computations, the user must first develop a model
of the river system to determine the hydraulic parameters. Then, the program
will automatically incorporate the hydraulic results into the bridge scour editor.
The user can adjust any of the values that the program has selected. For each
particular scour computation, the modeler is required to enter only a minimal
amount of additional data. The results for the scour analysis are then presented
in tabular form and graphically. Finally, the user can select Detailed Report
from the Bridge Scour Editor to obtain a table displaying a full listing of all
the input data used and the results of the analysis.
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EXAMPLE 12

Inline Weir and Gated Spillway

Purpose

This example will demonstrate the use of HEC-RAS to analyze a river reach
that contains an inline weir and gated spillway. For each inline weir 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 profile. 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
select File and then Open Project. Select the project labeled “Inline Weir
and Gated Spillway - Example 12.” This will open the project and activate
the following files:

Plan : “Gated Spillway”
Geometry : “Gate Geometry with 3 Gate Groups”
Flow : “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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Figure 12.1 River System Schematic for Nittany River

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, an inline weir was added at river
station 41.75 and will be discussed in the next section. Figure 12.2 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.

Inline Weir

To add an inline weir, the Inline Weir and Spillway icon was selected from
the left side of the Geometric Data Editor. This activated the Inline Weir
Data Editor as shown in Figure 12.3. First the reach “Weir Reach” was
selected. Then, Options and Add an Inline Weir were selected and river
station 41.75 was entered as the location for the weir. The schematic then
displayed the cross section data for the river station immediately upstream of
the weir location: namely river station 41.76 for this example. A description
for the weir was then entered as ”Inline Weir and Spillway.”
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Figure 12.3 Inline 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 Inline Weir Data Editor. This activated the Inline
Weir Station Elevation Data Editor as shown in Figure 12.4. This editor is
similar to the deck/roadway editor used for bridges and culverts.

Inline Wen Station Elevation Editor I

Del Row l e Coef
Ins Row l po l
E dit Statior and E levabon comdinates
Station Elevation ks
1 13.5 e
2 |57 135
3 |61 9.5
4 |190 3.5
5 |194 135
5 |1000 13.5
2
: .-1
U.S EmbankmentSS |2 D.S EmbarkmentSS 2
FWek Data
Weit Crest Shape Min Wes Flos EF l
C Broad Crested '
(@ Ogee S pillway Approach Height 24
Design Energy Head: 3 -Cd
0K Cancel |  Clear |
[Enter distance between upstream cross section and deck/roadway. (ft] l

Figure 12.4 Inline Weir Station Elevation Data Editor

The top row of the editor consists of three data entry fields. For 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. Next, the Width of the weir was entered as 50 feet. This is a total
distance of 70 feet. From Figure 12.2, it can be seen that the distance from
river station 41.76 to 41.74 is 90 feet. Therefore, the distance from the
downstream end of the weir to cross section 41.74 is 20 feet. The last field in
the top row of the editor is the Weir Coefficient. This will be discussed
shortly.

The central portion of the 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 of 9.5 feet from
Station 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 1000 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 should be noted that the weir station values of 0 and 1000
occur beyond the limits of the cross section data. As for the bridge and
culvert routines, the program will automatically “clip off” the excess area so
that the weir coincides with the cross section geometry.

The next fields are for the upstream and downstream embankment side
slopes. For this example, the slope of two was entered for the US and DS
Embankment S.S. fields.

At the bottom of the editor are several other required variables. The Min
Weir Flow Elevation was left blank which implies that the lowest elevation of
the weir will be used to determine when weir flow begins to occur. Finally,
the shape of the weir was entered as “Ogee” for the Submergence criteria.
When ogee was selected, the editor expanded to allow for two more fields of
entry. These fields are the Spillway Approach Height and Design Energy
Head. The approach height was entered as 24 feet and the design head was 3
feet for the ogee shape. To determine the weir coefficient with these design
parameters, the —=Cd button was selected and the program calculated a
coefficient of 3.95, as shown in Figure 12.5.

The “Yes” button was selected and then the coefficient appeared at the top of
the Inline Weir Station Elevation Data Editor 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. Next, the data for the gates were entered.

= RAS

The computed weir coefficient for this spillway is 3.95.
Do you want to use this value ?

Yes No

Figure 12.5 Ogee Weir Shape Coefficient

Gated Spillway

To enter the data for the gates, the Gate icon was selected from the Inline
Weir Data Editor (Figure 12.3). This activated the Gate Editor as shown in
Figure 12.6. For this example, 15 radial gates were entered. The gates were
divided into 3 groups, with 5 gates in each group. The gates were divided
into three groups to allow for flexibility when setting the gate opening
heights. This will be discussed further when the opening heights are set in
the steady flow data editor.
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Figure 12.6 Gate Editor

When the Gate Editor was activated, the first gate was labeled as “Gate #1.”
For this example, the Rename button was selected and the label “Left Group”
was entered. Next, the Height, Width, and Invert for the gates of the Left
Group were entered as 10, 30, and O feet, respectively. On the right side of
the editor, the centerline stations for the five gates in the “Left Group” were
entered as shown in Figure 12.6. As these values were entered, the counter
field # Openings increased to represent the total number of gates for the
group (5 for this example).

The remaining portion of the editor is divided into two sections, one for the
gate data and one for weir data. The gate data is 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 controlling
the flow rate. The weir data is the shape of the weir under the gate and is
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).
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For the gate data, the Discharge Coefficient was entered as 0.8. The next
field is the Gate Type. By selecting the down arrow, the type “Radial” was
chosen. When the gate type was selected, the Trunnion Exponent, Opening
Exponent, Head Exponent, and Trunnion Height values were automatically
set to 0.16, 0.72, 0.62, and 10.0 respectively. The orifice coefficient of 0.8
was enter for fully submerged flow conditions.

For the weir data, the Shape was selected as “Ogee”. This caused the editor
to add the data fields for Spillway Approach Height and Design Energy Head.
The distances of 14 and 3 feet were then entered for each of these fields,
respectively. Finally, the —=Cd button was selected and a window appeared
similar to Figure 12.5, with a coefficient of 3.91. The “Yes” button was
selected and the weir coefficient appeared in the weir data area at the bottom
of the Gate Editor.

This completed the data entry for the gates in the “Left Group.” Next, the
Add button at the top of the Gate Editor was 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 previous groups with new
centerline stations.

The OK button was selected at the bottom of the Gate Editor and the gates
appeared on the Inline Weir Data Editor as shown in Figure 12.3. (Note:
The ineffective flow areas will be entered subsequently.) At this point, the
user should zoom in on the gate openings to ensure that they do not overlap
and appear as intended. The Inline Weir Data Editor was then closed.

Ineffective Flow Areas

As performed for bridges and culverts, ineffective flow areas should be
entered on the cross sections that bound the inline weir. For this example, the
cross section that is upstream of the weir is 41.76 and the cross section
downstream of the weir is 41.74. To enter the ineffective flow areas, the
Cross Section icon was selected from the Geometric Data Editor (Figure
12.1). Then, river station 41.76 was selected and Ineffective Flow Areas
was selected from the Options menu. This activated the Ineffective Flow
Editor as shown in Figure 12.7.

The distance from the inline weir (river station 41.75) to river station 41.76 is
20 feet. The left edge of the gates at river station 41.75 is 205. Therefore,
the left ineffective flow area was set to begin at 205 - 20 = 185. Similarly,
the right ineffective flow area was set at 745 (= 725 + 20). The elevation on
the left is 9.5 feet, at the top of the spillway, and the right is 13.5, the top-of-
dam. The OK button on the editor was selected and similar ineffective flow
areas were entered at river station 41.74.
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Figure 12.7 Ineffective Flow Editor

Cross Section Placement

The final component of the geometric data concerns the placement of the
cross sections in reference to the inline weir. As for bridges and culverts, the
flow will contract to enter the gate openings and expand after the exiting the
gate openings. The program will use 4 cross sections located on both sides of
the structure to define the contraction 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 develop based on data
for flow through bridges, however, they were used to provide general
guidance.

To determine the expansion reach length, the following data was used:

b = 520

B = 660

b/B = 0.79

S = 0.4

n,/m, = 1

where: b = gate openings area, ft

B = floodplain width, ft

S = channel slope, ft/mi

ng, = Manning’s n value of the overbank at river station
41.78

n, = Manning’s n value of the main channel at river station
41.78

From Table B.1, the expansion ratio (ER) is approximately 2.0. Using an
average length of obstruction (L) of approximately 100 feet yields an
expansion reach length (L,) of:

L

(<

(2.0) (100) = 200 feet

(ER) (Loys)
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The expansion reach length is measured downstream 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
is fully expanded.

For the contraction reach length, the contraction ratio (CR) was obtained as
1.0 from Table B.2. With this value, the contraction reach length (L,) is:

L, (CR) (L) = (1.0) (100) = 100 feet

The contraction reach length is measured upstream from river station 41.76.
Therefore, a cross section (41.78) was placed 100 feet upstream from river
station 41.76. River station 41.78 represents the cross section where the flow
lines are parallel.

As a final note, the values for b, B, and L, were approximated for the flow

rate of 75,000 cfs. As the flow rate changes, the length of expansion and

contraction would also change. For this example, the values that were ‘
determined for this flow rate were held constant for 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.

Steady Flow Data

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
12.8) 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 7. When this number was entered, the table in the central portion
of the editor expanded to provide 7 columns of data entry. The river reach
“Weir Reach” (the only reach for this example) and the upstream river station
of 60.1 appeared (by default) as the location for the flow data. The seven
flow values of 5000, 10000, 20000, 30000, 40000, 50000, and 75000 cfs were
entered as shown in Figure 12.8. No additional flow change locations were
entered.
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Figure 12.8 Steady Flow Data Editor

Boundary Conditions

After the flow data was 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 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 Downstream was selected and then Rating Curve
was chosen. This activated the Rating Curve Editor as shown in Figure
12.10. The flow values and corresponding water surface elevations were then
entered in the editor, a portion of which is shown in Figure 12.10.

(Note: If the flow rate for a profile is less than the first rating curve data
point, then the program will linearly interpolate a starting elevation between
the first rating curve point and the downstream cross section invert.) After
the data were entered, the OK button was selected to close the editor. This
caused the title “Rating Curve” to appear in the “Downstream” field, as
shown in Figure 12.9. The OK button was then selected on the Boundary
Conditions Editor.

12-10




Example 12 Inline Weir and Gated Spillway

Steady Flow Boundary Conditions
@® Setboundaryfor all profiles C! Setboundaryfor one profile at & ime
' Known W.S. l I Critical Depth ' I Normal Depth l ’ Rating Curve * | Delete j
River Reach Profile Upstream Downstream
Nittany River - Weir Reach all Rating Curve
e B
 Select Boundary condition for the downstream side of selected reach. ‘

Figure 12.9 Boundary Conditions Editor
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Figure 12.10 Rating Curve Editor

The final data entry for the analysis was the gate opening heights. To enter
this data, from the Steady Flow Data Editor, Options and then Inline
Spillway Gate Openings were selected. This activated the Inline Spillway
Gate Openings Editor as shown in Figure 12.11.
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::l"hline Spillway Gate Dpenings

River [Nittany Rives

~|dGaegowps B

Reach: [Wer Reach | Rversta: 4175 EiRIG
Desc. [iriine Weir and Gated Spilway , ,
[GateGioup | #0penings | GaleHt [PF#1 | [pr#z | PFE3
[} #0pen |[OpenHt [H#Open |OpenHt [#Open [OpenHt
LeftGroup | 5 10 ) 0 2 3 3 B
CenlerGrmp" 58 7 180 5 5 5 5 6
Right Group 5 | 10 0 2 3 3 3
o | a8 ;

[Enter gate opening height for piofle 0~

Figure 12.11 Inline Spillway Gate Openings Editor

At the top portion of the editor, the River “Nittany River,” Reach “Weir
Reach” and the River Station “41.75” were selected. The Description is the
same as was entered in the Inline Spillway Data Editor (Figure 12.3). The
# Gate Groups field shows that there are 3 gate groups at this river station.
The table in the central portion of the editor has 3 rows for this example, one
row for each of the gate groups. The first column lists the descriptions for the
gate groups, as they were named in the Gate Editor (Figure 12.6). The
second column displays the number of gate openings for each gate group (5
for each gate group for this example). The third column displays the
maximum gate height for each gate group (10 feet for each gate group 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
this example, for profile 2, the Left and Right Gate Groups were set to have 2
gates open, each with an opening height of 3 feet. The Center Group was set
to have 5 gates open, each at 5 feet. Since the gates were entered as three
groups, the flexibility existed to have each gate group opened at different
heights. If all 15 gates had been entered as only one group, then all of the
gates that were open would have to have been set at the same opening height.

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 concluded 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 “7 Flow Profiles.”
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Steady Flow Analysis

After all of the data had been entered, the steady flow analysis was performed
by activating the Steady Flow Analysis Window. This window was
activated from the main program window by selecting Simulate and then
Steady Flow Analysis, and is shown in Figure 12.12.

n Steady Flow Analysis [_ [C1] 3
Fils DOptios Help
Plan: [Gated Spilway ShottID |3 groups
Geometry File : lGate Geometry with 3 Gate Groups _:_I
Steady Flow File : |7 Flow Profiles -
Flow Regime—— plan Description :
¢ Subciitical L_::l

 Supercrtical
C Mised

LUMPUTE

[Enter to computa water sufacs profiles
Figure 12.12 Steady Flow Analysis Window

First, the Short ID was entered as “3 groups.” The geometry file was then
selected as "Gate Geometry with 3 Gate Groups” and the flow file was “8
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 “Gated Spillway.” This plan name then appeared on the Steady Flow
Analysis Window, as well as on the main program window. Finally, the
COMPUTE button was selected to perform the analysis.

Output Analysis
For the analysis of the output, the water surface profiles, the inline weir type

cross section table, and the inline weir only type profile table will be
reviewed. Each of these are discussed in the following sections.

Water Surface Profiles
The water surface profiles are shown in Figure 12.13. This figure was

activated from the main program window by selecting View and then Water
Surface Profiles. The figure shows all 7 of the flow profiles.
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Inline Weir and Gated Spillay - Ex 12
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Figure 12.13 Water Surface Profiles for Nittany River

Inline Weir Cross Section Table

To review the flow parameters through the gate openings, the Inline Weir
type Cross Section Table was activated and is show in Figure 12.14. This
table was activated from the main program window by selecting View, Cross
Section Table, Type, and then Inline Weir.

At the top of the table, the Reach was selected as “Weir Reach* and the river
station was 41.75 (the cross section for the inline weir). The profile was
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, only the Center Group will be discussed.

The Center Group had been set (as shown in Figure 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 opening height of 5, the top of
the gate opening was at -5 feet. The 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 with the top of the
gate opening and weir flow through the gate openings occurred. The weir
data that was use to calculate the upstream energy grade line was the data that
had been entered in the Gate Editor (Figure 12.6), not the weir data as
entered in the Inline Weir Station Elevation Data Editor (Figure 12.4).
Additionally, the Gate Area field shows a gate flow area of 136.81 ft®>. With
a gate opening height of 5 feet and a width of 30 feet, the total gate opening
area is 150 ft>. This shows that the gate area was not flowing full.
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££ Inline Weir/Spillway Output
Fie Type (Options Help

River [N ittany Rivet

Reach: |Weir Reach

“lrivste [ars -][3][8]

Plan: 3groups  Rser Nittany Biver  Reach:Wer Beach Biv Sta: 41.75  Profile: PF#1

| Profle:  [PF -] GatelD [EEIEETE |

Gate ID:

W.S. Elev [f) 4.56 Min Top Rd (]

E.G. Elev [ft) 4.56 Wi Top Wdth [It]

Q Total(cfs) 5000.00 I G ate Flow (cfs} 5000.0
3 Weir (cfs) Gate @ Total [cfs] 5000.0
wr Flw Area (sq ft] Gate Open HE{f) 5.0
“Weir Sta Lft {ft] Gate #0pen

Weir Sta Rat (] Gate Area [sq ft} 136.81
Weir Max Depth (ft] Gate Submerg

‘Wei Avg Depth (ft] Gate Invert (ft] 0o
‘Weir S ubmerg

Enars, Warnings and Notes

Select opening

Figure 12.14 Inline Weir/Spillway Output Table for Profile 1

To review the data for the second profile, the down arrow for the Profile field
was depressed and “2” was selected. The Weir Type Cross Section Table
for profile 2 is shown in Figure 12.15. For this profile for the Center Group,
5 gates were set to an opening height of 5 feet, as before (as shown in the
right column of the table). With an invert at 0 and an opening height of 5, the
top of the gate openings were at an elevation of 5.00 feet. The upstream
water surface elevation is shown to be at 5.02 feet, which is above the top of
the gate openings. Additionally, the Gate Area field shows a flow area of
150 ft* (for each gate opening). This equals the total gate opening area (5 ft
high x 30 feet wide) and shows that the opening was flowing full. The depth
of flow (as measured from the invert of the gate) was 5.02 feet, which is less
than 1.25 times the gate opening height. Therefore, the flow was transitional
between weir flow and fully developed gate flow.
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Reach: [Wei Reach ] rivsta [41.75 -1 [3][1]

E";; Inline Weir/Spillway Output
Fle Type Options Help

River [Nitany River -] Profle:  [PFH2 -] Gaeld [N |

W.S. Eley (R} 5.04 Min Top Rd [ft]}
E.G. Elev [ft) 5.03 Wi Top Wdth [it]
Q Total (cfs) 10000.00] I Gate Flow (cfs) 10000.00
Q Werr [cfs) Gate @ Total [cfs) 4701.09
Wi Flw Area [sq it} Gate Open HE (/) 5.00
‘Weir Sta LIt {ft) Gate #0pen
Weir Sta Rgt (ft] Gate Aiea [sq ft] 150.00
Weir Max Depth {ft) Gate Submerg
Weir Avg Depth [ft) Gate Invert (ft] 0.0
‘Weir S ubmerg

Enars, \Warnings and Notes

Select opening

Figure 12.15 Inline Weir/Spillway Output Table for Profile 2

Additionally, for the second profile, the Left and Right Gate Groups were
each set to have 2 gates open, at a height of 3 feet. By depressing the arrow
for the Gate ID field, the Left (or Right) group can be selected. For this
group, gate-controlled flow occurred through the gate openings because the
top of the gate openings were at an elevation of 3 feet. The field Gate Q
Total shows that 2649.46 cfs was the total flow through the gate openings.
Since the Left and Right groups had the same gate settings, the total flow in
the cross section was 2 times the flow in the Left Group plus the flow in the
Center Group = 2(2649.46) + 4701.09 = 10000 cfs, the total flow rate for
the second profile.

Similarly, for the remaining profiles, the flows through the gate openings can
be reviewed by pressing the down arrow next to the Profile: box. The Weir
Type Cross Section Table for profile 7 is shown in Figure 12.16. For this
profile, the weir flow data is shown on the left side of the table, based on the
data as entered in the Inline Weir Station Elevation Data Editor (Figure
12.4). The total weir flow is shown to be 36,048.86 cfs. Because the Left,
Center, and Right Gate Groups were entered with the same gate settings, the
total flow in the cross section is 3(12983.71) + 36048.86 = 75,000 cfs, the
total flow for the profile. The table also displays other weir data such as the
left and right station, average depth, and submergence.
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E Inline Weir/Spillway Output

Fis Type Options Help

River: ’Nittanp River

Reach: |Weir Reach

=] Pofie:  [GEANEN] Gate D
-] Aivsta [0175 -1 (][]

River. Mittany River  ReachiWei Reach Biv Sta. 41,75 Proiil

lCentet Group 'l

x PRET Gate 1D

W.S. Elev (K] 17.89 Min Top Rd (ft]
EG.Elev (Y] 18.074 Wi Top Wth ()
@ Total fcfs) 75000.00 W Gate Flow (cfs)
Q Wei [cfs) 36048.88 Gate Q Total (cfs]
Wi Flw Area [sqft) 3873.74 Gate Dpen Ht [ft)
Wit Sta Lft (1] 4054 Gate #0pen
Weir Sta Bat [ft]. 780.49 Gate Area (sg ft)
Weir Max Depth [ft) 8.51 Gate Submerg
Weir Avg Depth (i) 5.24 Gate Invert{f}
Weir Submerg 0.63

Errors, W'amings and Notez

Select Profie

Figure 12.16 Inline Wier/Spillway Output Table for Profile 7

Inline Weir Profile Table

Finally, the Inline Weir Only Profile 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 Weir Only. 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.
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£z Profile Output Table - Inline Weir Only

File Options Std. Tables Help

HEC-BAS Plan: 3

roups River: Mittany River Reach: Weir Reach

/5000.00 36048.88

Reach River Sta |E.G. Elev 'W.S. Elev| Q Total | QWeir [ Gate Flow
: (1) L8] cfs] el | [(clsh
'Weir Reach|41.75 4 58 456 5000.00 5000.00
Weir Reach|41.75 5.03 5.02 10000.00 10000.00
‘Weir Reach(41.75 6.21 6.16 20000.00 20000.00
Weir Reach|41.75 7.51 7.42 30000.00 30000.00
'Weir Reach{41.75 381 970 40000.00 17 3392884
‘wWeir Reach41.75 13.28 1316 50000.00 388337  46110.63
Weir Reachi41.75 18.07 17.88 38351.12

Energy gradelina for given WSEL.

Figure 12.17 Inline Weir/Spillway Only Profile Table

Summary
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This example computed 7 flow profiles for the reach of Nittany River, which
included an inline weir and spillway. The gates for the inline weir were
divided into 3 groups, with 5 gates in each group. This provided for
flexibility when setting the number of gates opened and the gate opening
heights for each profile because the opening heights must be the same for all

of the gates opened in each gate group.

By reviewing the water surface profiles and the inline weir tables, the user
can determine the type of flow through the gate openings and determine if
adjustments to the gate settings are required to provide for a selected water
surface elevation. The Inline Weir/Spillway Output table provides detailed
output for each gate group, for any profile. The Profile Output Table -
Inline Weir Only provides upstream energy and water surface elevations
along with the total weir and gate flow. For the maximum discharge profile,
the entire weir profile is overflowing, a condition that may not be structurally

sound.
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EXAMPLE 13

Bogue Chitto - Single Bridge (WSPRO)

Purpose

This example demonstrates the use of HEC-RAS to analyze a river reach that
contains a single bridge crossing. The water course 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 of 25000 cfs
and occurred on December 7, 1971, constituting a recurrence interval of 50
years. The second event had a peak discharge of 31500 cfs and occurred on
March 25, 1973, with a recurrence interval greater than 100 years. 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, 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 [FHWA, 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 : “WSPRO Bridge Analysis”
Geometry : “Bridge Crossing near Johnston Station”
Flow : “50 and 100 year flows”
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Geometric Data

13-2

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 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 schematic, as shown in Figure 13.1.
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 initially 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
the USGS Atlas, and cross sections were interpolated along the river reach to
provide additional cross section data.

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.

Geometric Data - Bridge Crossing near Johnston Station [ _ (O] X

File Edit View Tables QOptions Help

il IS7 56.97 =]
Hesol 56,621
\ - 56.0077*
J“'."’t, - 55.7488"
- £5.40
Cioss — 55.04*

Vi (;’cf 54.68°

Johnston Sta e *
Bidg/Cuv) ST 54.32

—— —— 53 4071*
: “{— 530385
%’ —1 5267
=527
Vew I 52.00
""" 51.32*
—]~ 50.9856"
1= s06570*
,,,,,,,,, 50.3284
L0000
A

8Y1

] ( , , A0

Figure 13.1 River System Schematic
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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 of the: 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 Data Editor. The summary table of the reach lengths for
the cross sections is shown in Figure 13.3.

Cross Section Data - Bridge Crossing near Johnston Station
Exit Edit Options Plot Help

River: lBogue Chitto _v_J Apply Date l '

Reach: [Johnston Sta S rversie: [i228 -][s][2]

Description ]River mile 52.29

Station Elevation A Channetl
_&2549 3236 _| ]ﬁUU 1530 1200
33 [2562 328 A =
34 BETS 1326.8 Aanning's n Yalues
35 [2585 3221 LOB Channetl ROB
136 12608 3219 {0.11 0.05 013
37 |2618 318.2

= kain Channel Bank Stations

36712618 J16 [ LetBank | RightBank

39 12661 3159

40 (2664 318 ‘2572 |2677
EIZS?? 3301 Cont\Exp Coefficients _
42 12690 3303 ! Contraction l Expansion k
43 [2753 3324 < |0A3 |0_5

Normal Ineffective Flow Areas

Edit Station Elevation Data (f)

S ——

Figure 13.2 Cross Section Data Editor for River Station 52.29
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| Edit Downstream Reach Lengths

River. |Bogue Chitta I & 2

Reach: IJohnston Sta I_tj

- Selected Area Global Edits

|| | ‘Add Constant ]MultipinactorI I SetValues l
River Sta LOB | Channel | ROB 4

23 53.0385% 588 971 571

124 52 8542* 588 971 571

25 5267 920 1130 980

|26 52.46 420 380 420

27 52.38 105 84 105

|28 52.37 Bridge

i 129 52.36 430 426 490 ]

{30 52.29 1400 1530 1200

31 52.00 586 894 626

132 51.83* 586 894 626

33 51.66* 586 894 626 5

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
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.

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 (i.e., the flow has fully expanded). This distance (the expansion
reach length) 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
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contraction energy loss coefficients. The results of the study are summarized
in Appendix B of the Hydraulic Reference Manual.

To determine an initial estimate of the expansion reach length, the following
information was required:

b = 450 ft
B = 5000 ft
b/B = 0.1
S = (25.7 ft) / (36790 ft)*(5280 ft/mi) = 3.7 ft/mi
ng/ngy = (0.13) / (0.05) = 2.6
Les = 1770 ft
where: b = bridge opening width
B = total floodplain width
S = slope
n,, = Manning’s n value for the overbank
N, = Manning’s n value for the main channel
Ly = average length of the side obstructions

With the above information, an initial estimate of the expansion reach length
(L,) was obtained by using the table values in Appendix B of the Hydraulic
Reference Manual. From Table B.1, an average value of the expansion ratio
(ER) was 1.2. Usiag this value, the expansion reach length is:

L = (ER) (Lo = (1.2) (1770 ft) = 2120 ft
From the reach lengths table (Figure 13.3), the distance from cross section
52.36 to 52.00 is 1956 feet (= 426 + 1530). Therefore, cross section 52.00
was initially considered as the cross section of fully expanded flow. Since
cross section 52.29 is in the zone of flow expansion, ineffective flow areas
were placed in the overbank areas. This will be discussed further during the
determination of the ineffective flow areas.

After the steady flow analysis was performed, the expansion reach length was
evaluated using regression equations that are presented in the HEC study
[HEC-1995]. The equations require flow parameters at the initially chosen
location and cannot be evaluated until after the steady flow analysis is
performed. These procedures will be described near the end of this example.

Second Cross Section. The second cross section used by the program to
analyze 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 52.36 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
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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 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 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. To determine an initial estimate of the contraction reach
length (L.), a value of the contraction ratio (CR) was obtained as 0.8 from
Table B.2, Appendix B of the Hydraulic Reference Manual. This ylelds a
contraction reach length of:

L

c

(CR)(L,) =  (0.8)(1770ft) = 1400 ft

From the reach lengths table (Figure 13.3), the distance from cross section
52.46 to 52.38 is 380 feet. For this example, cross section 52.46 was initially
used as the section where the flow lines were parallel. After the steady flow
analysis, the location of this cross section was evaluated using the procedures
as outlined in the recent HEC study [HEC-1995]. This evaluation will be
presented in the discussion near the end of this example.

Additionally, the HEC study [HEC-1995] provided guidance to determine the
expansion and contraction coefficients. The contraction and expansion
coefficients are used by the program to determine the transition energy losses
between two adjacent cross sections. From the data provided by the recent
HEC study [HEC-1995], gradual transition contraction and expansion
coefficients are 0.1 and 0.3, and typical bridge contraction and expansion
coefficients are 0.3 and 0.5, respectively. For situations near bridges where
abrupt changes are occurring, the coefficients may take larger values of 0.5
and 0.8 for contractions and expansions, respectively. A listing of the
selected values for the river reach can be viewed by selecting Tables and
then Coefficients from the Geometric Data Editor. This table is shown in
Figure 13.4 and displays the values selected for the river cross sections.
Typical gradual transition values were selected for stations away from the
bridge. However, near the bridge section, the coefficients were increased to
0.3 and 0.5 to represent greater energy losses. For additional discussion
concerning contraction and expansion coefficients at bridges, refer to Chapter
5 of the Hydraulic Reference Manual. After the steady flow analysis, the
selection of the coefficients were evaluated and will be discussed near the
end of this example.
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Edit Contraction/Expansion Coefficients f
| Rivar lBogueChitto I_i_l ] Jﬁl lﬁl
Reach: |J0hnstcm Sta Li_j
rSelected Area Global Edits
] l Add Constant I | Multiply Factor l SetValues l
River Sta Contraction | Expansion +
23 53.0385* 0.1 0.3
24 52.8542* 0.1 0.3
25 52.67 0.1 0.3
| 126 52.46 0.3 05
| 27 52.38 03 05
28 52.37 Bridge i
29 52.36 0.3 05 =
30 52.23 0.3 05 —I
31 52.00 0.1 0.3
32 51.83* 0.1 0.3
39 51.66™ 0.1 0.3 3

Figure 13.4 Contraction and Expansion Coefficients

This completed the input for the cross section geometric data. Next, the
bridge geometry data was entered as outlined in the proceeding section.

Bridge Geometry Data

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.

Bridge Deck and Roadway Geometry. From the Geometric Data Editor,
select the Bridge/Culvert icon. To create the bridge cross sections, the river
was selected as “Bogue Chitto,” the reach was “Johnston Sta,” and then
Options and Add a Bridge and/or Culvert were selected. The bridge river
station was then entered as 52.37. Next, the data for the bridge deck were
entered. The Deck/Roadway icon was selected and the Deck/Roadway
Data Editor appeared as shown in Figure 13.5.
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Deck/iRoadway Data Editor

Yyidth { Weir Coef }
Upstream Downstream :

‘| Station |High Cord|Low Cord | Station |High Cord|Low Cord ][ +
& 341 0 0 341 0
2 2444 341 0 2444 341 0 B
3 |2444 341 340.2 2444 3N 3402
4 |2864 391 340.2 2864 341 340.2
5 lose4 341 0 2864 341 0
6 _|5000 341 0 5000 341 0
£l
8
3 —
US EmbankmentSS |2 DS EmbankmentSS |2
“Weir Data
Max Submergence: 0.95 Min Weir Flow El: I
Weir Crest Shape
@® Broad Crested
C Ogee
| ok || cencet || cear ][ copyUptoDown |
,'Enter distance between upstream cross section and deck/roadway:. {ff}

Figure 13.5 Deck/Roadway Data Editor

The first input at the top of the editor is the distance from the upstream side
of the bridge deck to the cross section immediately upstream from the bridge
(cross section 52.38). 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.
This is a total distance of 31 + 26 = 57 feet. From the reach lengths table
(Figure 13.3), 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
section 52.36. Finally, at the top of the Deck/Roadway Data Editor, a weir
flow coefficient of 2.6 was selected for the analysis.

The central section of the Deck/Roadway Editor is comprised of columns
for input of the station, high cord elevation, and low cord elevation for both
the upstream and downstream sides of 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 stationing of the
upstream side of the deck was based on the stationing of the cross section
located immediately upstream. Likewise, the stationing of the downstream
side of the deck was based on the stationing of the cross section placed
immediately downstream. If both the upstream and downstream data are
identical, the user needs only to input the upstream data and then select Copy
Up to Down to enter the downstream data.
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As a final note, the low cord elevations that are concurrent with the ground
elevation were entered as a value lower than the ground elevation. The
program will automatically clip off and remove the deck/roadway area below
the ground. For example, at station 0, a low cord elevation of 0 feet was
entered. However, the actual ground elevation at this point is approximately
340 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 5000 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.

Below the deck station and elevation data, there are two fields to enter the
upstream and downstream embankment side slopes. These values are used

by the WSPRO bridge analysis method and for graphical representation on
the profile plot. For this example, values of 2.0 (horizontal to 1 vertical)

were entered for both the US Embankment SS and DS Embankment SS, as
measured from the USGS Atlas.

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 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
computation mode to the energy (standard step) method. For this example,
the default value of 0.95 (95 %) was selected.

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
flow submergence method. This method will determine the reduction of the
weir flow coefficient due to submergence. For this example, a broad crested
weir flow submergence method was selected. Upon entering all of the above
data, the OK button was selected to exit the Deck/Roadway Data Editor.

Bridge Pier Geometry. To enter the pier data, the Pier icon was selected
from the Bridge/Culvert Data Editor. This resulted in the display shown in
Figure 13.6. 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.
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Figurel3.6 Bridge Pier Data Editor

The program will establish the first pier as pier number 1. As shown in
Figure 13.6, 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 52.38) and immediately downstream (cross section 52.36) 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 17 piers are placed 24 feet on
center, with centerline stationing from 2466 to 2850. The piers are 1 foot
wide for their entire height. The starting elevation is set below the ground,
and the ending elevation is inside the bridge decking. With these elevations,
the program will “clip off” the excess pier heights. After entering the data,
the OK button was selected.

Sloping Abutments. The next icon on the left side of the Bridge/Culvert
Data Editor is Sloping Abutment. This icon was selected to enter the
abutment data, and is shown in Figure 13.7 for the first (left) abutment. The
user can view the data for the second (right) abutment by selecting the down
arrow on the Sloping Abutment 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 Figure 13.8. (Note: The figure in the text displays the ineffective
flow areas that will be added in the next section.)
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Figure 13.7 Sloping Abutment Data Editor

The cross sections shown in Figure 13.8 are developed by superimposing the
bridge data on the cross sections 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 the bridge on the downstream side.

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 will consider as the weir length, bridge opening, and pier locations.
Any errors in the data will appear as inconsistent images with these options.
Also, the zoom-in option will allow the user to examine data details. Finally,
the Apply Data button was selected to accept the data. (Note: To save the
data to the hard disk, the user must select Save Geometry Data under the
File menu on the Geometric Data Editor).

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 defined 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.
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Figure 13.8 Bridge/Culvert Data Editor for County Road Bridge #341

For this example, ineffective flow areas were included on both the upstream
cross section (52.38) and the downstream cross section (52.36), as well as on
cross section 52.29 (the cross section in the expansion reach). To determine
an initial estimate for the stationing of the ineffective flow areas on either
side of the bridge, a 1:1 ratio of the distance from the bridge to the cross
section was used. For this example, cross section 52.38 is located 26 feet
upstream of the bridge. Therefore, the left and right ineffective flow areas
were set to start at 26 feet to the left and right of the bridge opening. The left
side of the bridge opening is at station 2444, which leads to a left ineffective
station of 2444 - 26 = 2418. The right side of the bridge opening is at station
2864, which leads to a right ineffective flow station of 2864 + 26 = 2890.
Similarly, cross section 52.36 is located 27 feet downstream from the bridge
and the ineffective flow areas at this cross section were set at 27 feet to the
left and right of the bridge opening, at stations of 2417 (= 2444 - 27) and
2891 (= 2864 + 27), respectively.

The initial elevation of the ineffective flow areas for the upstream cross
section was chosen as 340.8, a value slightly lower than the lowest high cord
elevation (341.0). 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.
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At the downstream cross section, the elevation of the ineffective flow area
was set to be 339.0, 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 than the low cord, but yet it will
contribute to the active flow area.

The ineffective flow areas were entered by first selecting the Cross Section
icon from the Geometric Data Editor. Then, Options and Ineffective Flow
Areas were chosen for cross section 52.38 and then for cross section 52.36.
The ineffective stations and elevations as previously determined were
entered, as shown in Figure 13.9 for cross section 52.38.

Ineffective Flow Areas

Select Ineffective Mode

® Nomalh O Multiple Blocks
Left Right

Station [2418 [ 2890

Elis |34U.8 [340.8

l OK ” Cancel ”Defaults ” Clear I

Figure 13.9 Normal Ineffective Flow
Areas for Cross Section 52.38

Since the “Normal” type of ineffective flow was chosen, 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 of 340.8 feet.

Cross section 52.29 is in the area of expanding flow and therefore only a
portion of the cross sectional flow will be effective. A “Normal” type of
ineffective flow areas were set at stations 1030 and 3800, both at an elevation
of 338. These stations were determined by taking into account the distance
of cross section 52.29 from the bridge (426 feet), as compared to the total
distance of the expansion reach length (1956 feet). With these distances,
cross section 52.29 is located approximately 25% (= 426 / 1956 * 100%)
down the expansion reach length. As the flow exits the bridge opening, it
will initially expand at a greater rate than it will further down stream. An
initial estimate of the degree of expansion was assumed to be approximately
60% at cross section 52.29. Therefore, 60% of the 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 338 was chosen to be greater than the water
surface elevations.

The OK 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 Figure 13.8 for the bridge cross sections. Additionally, the
ineffective flow areas will appear on the cross sections plots. 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 that this option was
selected for, as shown in Figure 13.2. The ineffective flow areas could have
been entered previously along with the discussion of the cross section data
(X-Y coordinates, reach lengths, etc.). However, it is often easier to enter the
bridge data first and then the ineffective flow data to easily determine where
the ineffective flow stations should be located. After the steady flow analysis
was performed, the ineffective flow areas were evaluated to determine if they
were placed appropriately. This will be discussed near the end of this
example.

Bridge Modeling Approach

The bridge routines in HEC-RAS 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 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
the low cord of the bridge). High flow occurs when the water surface
encounters the highest point of the low cord of the bridge. Finally,
combination flow occurs when both low flow or pressure flow occur
simultaneously with flow over the bridge. 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 13.10. For this example,
there is only 1 bridge opening located at this river station and therefore the
bridge number was 1. The modeler is referred to Chapter 6 of the User’s
Manual and Chapter 5 of the Hydraulic Reference Manual for additional
discussion on the bridge modeling approach editor.

Low Flow Methods. The modeler needs to select which low flow 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.




Example 13 Bogue Chitto - Single Bridge (WSPRO)

I Add || Copy |[ Detete | Brigge # 11 I:[ m m

" Low Flow Methods
Use Compute
C X Enerqy {Standard Step)

C X Momentum CoefDragCd |2
C [X Yamell(ClassAonly) PierShapeK |1.25

X WSPRO Method (Class A only) | WSPRO Veriables i
C  HighestEneray Answer

®

[High Flow Methads
® Energy Only (Standard Step)

C Pressure and/aor Weir
Submerged Inlet Cd (Blank for table)

Submerged Inlat + Outlat Cd
tax Low Cord (Blank for default)

I OK I ] Cancel l [ Help l

I
Figure 13.10 Bridge Modeling Approach Editor

For this example, all four low flow methods were selected to be computed.
For the momentum method, a drag coefficient Cd = 2.00 was entered for the
square nose piers. For the Yarnell method, a value of K = 1.25 was entered.
Finally, the WSPRO method was selected to be used for the solution. The
modeler is referred to Example 2 - Beaver Creek for an example application
that further discusses the low flow methods of energy, momentum, and
Yarnell.

For the WSPRO method, the user is required to enter additional data. This
was performed by selecting the WSPRO Variables button from the Bridge
Modeling Approach editor. This activated the WSPRO Data Editor, as
shown in Figure 13.11. Most of the data entered on this editor is used to
determine the “Coefficient of Discharge” for the WSPRO method. The
following discussion outlines the WSPRO data that was entered for this
analysis. The user is referred to Chapter 6 of the User’s Manual and to
Chapter 5 of the Hydraulic Reference Manual for a more detailed
discussion of WSPRO method.

At the top of the editor, as shown in Figure 13.11, the value of 341 feet was
entered for the left and right elevations of the top of the embankments. The
elevations for the toe of the abutments were entered as 323.6 and 330.5, for
the left and right abutments, respectively. Next, the abutment type was
selecting as type 3: sloping abutments and sloping embankments. The
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average slope of the abutments was entered as 1 (horizontal to 1 vertical) and
the top width of the embankment was entered as 31 feet. All of these values
were obtained from the USGS Atlas.

Additional WSPRO Bridge Hydraulic Parameters

Angle of Wing Wall:
Length of Wing Wall:

Left Embankment Right Embankment
El of the top ofthe Embankment 341 El ofthe top of the Embankment 341
El of the toe of the Abutment 3236 El ofthe toe of the Abutment 3305
Abutmenttyps: |3 Sloping abutments and sloping embankments I}J
Slope of the Abutments I 1 Top Width of Embankment 31
Centroid stationing of projected bridge opening atthe approach cross section: 2531
Wing Walls Guide Banks——
|| Wing Wall Type: No wing walls present! !l Guide Banks Type: lNo Guide Bank prasenLi_j

Length of Guide Banks:

Ulfsat of Guide Banks:

Skew of Guide Banks:

Radius of entrance rounding;

Optional Contraction and Expansion Losses—— Options
I~ Atapproach Section I” Piers are continuous for the width of bridge
i AlGudabon X Use Geometric Mean as Friction Slope method

[T Atupstream outside

[” Atupstream inside (BU)
[” Atdownstream inside (BD)

I OK l I Cancel l | Help I

Elevation of the top of the left embankment ]

Figure 13.11 WSPRO Data Editor

The centroid stationing of projected bridge opening at the approach cross
section was entered as a value of 2531 feet. To obtain this value, the bridge
opening width is projected onto the approach cross section (52.46). This
projected width is situated onto the approach section such that the main
channel is in the same relative position to the bridge opening width on the
approach section as at the bride opening. The width of the projecting bridge
opening should embrace the flow which could pass through the actual bridge
opening without contraction. Then, the centroid of the bridge opening width
on the approach section was then determined to be at a stationing of 2531.

The bottom portion of the editor is divided into four sections. The first
section is to describe the Wing Walls on the abutments. For this example,
there were no wing walls present. If wing walls were present, the user can
select either “Angular” or “Rounded,” by depressing the down arrow adjacent
to this field. Then, the appropriate data would be entered for the angle,
length and radius fields, pertaining to the type of wing wall selected.
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The second section is to describe the Guide Banks. For this example, there
were no guide banks. If guide banks were present, the options are “Straight”
or “Elliptical” to describe the type and then the user would enter the
appropriate dimensions of length, offset, and skew.

\
\
The third section at the bottom of the editor is Optional Contraction and |
Expansion Losses. The WSPRO method includes friction losses throughout |
the bridge region for the calculations. However, the only contraction or

expansion loss that is included is an expansion loss 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

bridge downstream section (52.37 BD). For this example, there were no

additional energy losses selected.

The final section of the editor is used to select options for the piers and
friction slope method. If the piers are continuous, then the user should select
Piers are continuous for the width of the bridge. This selection will
determine a weighting factor in the determination of the “Coefficient of Q”
discharge factor. Finally, the WSPRO method traditionally 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 this method. If it is not
selected, then the program will use the friction slope averaging method that
has been selected by the user. (This is selected in the Steady Flow Analysis
window by choosing Options, Friction Slope Methods, and then the
appropriate choice. The default method is Average Conveyance. The user is
referred to Chapter 7 of the User’s Manual and to Chapter 2 of the
Hydraulic Reference Manual for more information on friction slope
methods.)

This completed the entry of the data for the WSPRO method as the low flow
method. The OK button at the bottom of the editor was selected to exit the
editor. Next, the high flow method was selected on the Bridge Modeling
Approach Editor.

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 13.10, 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. The Pressure Flow
computations are divided into two scenarios. The first is when only the
upstream side of the bridge deck is in contact with the water and the second
is when the bridge constriction is flowing completely full. The program will
begin to calculate either type of pressure flow when the computed low flow
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energy grade line is greater than the highest point of the upstream low cord.
Weir Flow occurs when the upstream energy grade line elevation (as a default
setting) exceeds the lowest point of the upstream high cord.

For this example, the high flow method was selected as energy. From the
data on 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.

At this point, all of the bridge data have been entered. The OK button was
selected to close the Bridge Modeling Approach Editor and the Apply
Data button was depressed on the Bridge/Culvert Data Editor before it was
closed. Then, the geometry data was saved as the file “Bridge Crossing near
Johnston Station” by selecting File and then Save Geometry Data As ...
from the Geometric Data Editor.

As a final geometric component, a picture of the bridge has been included as
a separate file. The red square on the river system schematic indicates that a
picture has been added for that cross section. This picture was scanned from
the USGS Atlas and saved as the file “chit.bmp.” To view this picture, the
user can select the View Picture icon from the left side of the Geometric
Data Editor. When river station 52.37 is selected, the picture should appear.
The user is referred to Chapter 6 of the User’s Manual for a discussion on
adding and viewing pictures to the river system schematic.

Steady Flow Data

From the main program window, select Edit and then Steady Flow Data.
This will display the Steady Flow Data Editor shown in Figure 13.12. For
this analysis on the reach of Bogue Chitto, two profiles were selected to be
computed. The flow data were entered for river station 56.97 (the upstream
cross section) and the flow values were 25000, and 31500 cfs. These flows
will be considered continuous throughout the reach so no flow change
locations were used. Additionally, the default profiles names of “PF#1 and
“PF#2” were changed to “50 yr” and “100 yr,” respectively. This was
performed by selecting Edit Profile Names from the Options menu, and
then typing in the new title.

Next, the boundary conditions were entered by selecting the Reach
Boundary Conditions button. This resulted in the display shown in Figure
13.13. For this example, a subcritical analysis was performed. Therefore, a
downstream boundary condition was required for each flow value. The type
of boundary conditions were known water surface elevations, therefore, Set
boundary for one profile at a time was selected. With this selection, the table
in the central portion of the editor expanded to show two rows, one for each
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of the two profiles. Then, the mouse arrow was placed over the downstream
field for profile one and the box was selected (highlighted). The Known
W.S. button was chosen and the data entry box appeared that requested the
water surface elevation for the first profile. A value of 325.7 feet was
entered, and the procedure was repeated for profile two, with a known water
surface of 326.0 feet. These values were obtained from the USGS Atlas. The
OK button was selected to exit the boundary conditions editor.

Steady Flow Data - 50 and 100 year flows

File Qptions Help

Enter/Edit Number of Profiles:

—

Reach Boundary Conditions ' Apnly Date ‘

Locations of Flow Data Changes

River: IBogue Chitto

£

Reach: ]Johnston Sta

Flow Change Location
Reach

River

RS

50 yr

~] Riversta: [56.97 ~] AddAFiaw Change Location |

100 yr

1 |Bogue Chitto

Johnston Sta

56.97

25000;

31500

Observed Water Surfaces Entered

[Edit Steady flow data for the profiles (cfs)

Figure 13.12 Steady Flow Data Editor

| Steady Flow Boundary Conditions

C Setboundaryforall profiles @ iSetboundarfor ong profile at atime}

| knownws. | | criicalDepth | | NomaiDepth | | RatingCuve | | Delete |
River i Reach Profile Upstream | Downstream
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Cancel
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Figure 13.13 Steady Flow Boundary Conditions Data Editor
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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.

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 the river stations that observed data was available for, as
shown in Figure 13.14. The OK button was then selected to exit the editor.

Observed Water Surfaces

River. |Bogue Chitto S | DeleteRow |
Reach: |Johnston Sta |2 Riversta: |56.97 |2]{ AddanObs WS Location |

_Obseved Water Surtaces

River Reach RS 50 yr 100 yr |+
1 _|Bogue Chitio Johnston Sta 56.97 348.2: 3483
2 |Bogue Chitto Johnston Sta 55.40 3433 3433 =
3 |Bogue Chitto Johnston Sta 53.96 3404 340.6
4 [Bogue Chitto Johnston Sta 52.67 338.2 3383
5 |Bogue Chitto Johnston Sta 52.46 337.3
6 |BogueChito ~  |Johnston Sta 52.38 336 337.7 3

B

Figure 13.14 Observed Water Surface Elevations

This completed the entry for the steady flow data. The Apply Data button
was selected on the Steady Flow Data Editor and the flow data was then
saved as “50 and 100 year flows.”
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Steady Flow Analysis

From the main program window, select Simulate and then Steady Flow
Analysis. This will activate the Steady Flow Analysis Window as shown in
Figure 13.15. First, the geometry file and steady flow file that were
previously developed should 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 was 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 line during the review of the output for the cross
sections. Select Options and then ensure that there is a check mark “v” in
front of Check data before execution. This will cause the program to check
all of the input data to ensure that all pertinent information was entered.
Next, a Short ID was entered as “wspro plan” and then the options were
saved as a plan entitled “WSPRO Bridge Analysis.” Finally, COMPUTE
was selected at the bottom of the window.

Steady Flow Analysis = 10] x|

File Qptions Help

Plan: WSPRO Bridge Analysis ShortID stpro plan

Geometry File : lsridge Crossing near Johnston Station __'J
Steady FlowFile:  [50.and 100 yearflows | =
—Flow Regime Plan Description :
| & Subcritical B
- € Supercritical

€ Mixed

COMPUTE

Enter to compute water surface profiles .
Figure 13.15 Steady Flow Analysis Window

Review of Output

After the program has completed the analysis, the last line should read
“PROGRAM TERMINATED NORMALLY.” Double click the bar in the
upper left corner of the display to close it. This review of the output will
include discussions on the water surface profiles, profile tables, and cross
section tables.
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Water Surface Profiles

From the main program window, select View and then Water Surface
Profiles. This will activate the water surface profile plot as shown in Figure
13.16. As shown in Figure 13.16, only the second profile was selected to be
displayed, for clarity. This was accomplished by selecting Options, Profiles,
and then profile 2. Additionally, the variables of Water Surface, Energy
Grade Line, Critical Depth, and Observed Water Surface were selected to be
displayed, by selecting Options and then Variables. The user can select
additional profiles, variables, and the zoom feature under the Options menu
when viewing the profile plot in the program.

Figure 13.16 displays a solid line for the water surface profile and a ¢ for the
observed data, as shown in the legend. The water surface agrees well with
the observed data. Additionally, it can be seen that the profile occurred in the
subcritical flow regime. This ensures that for the low flow analysis, Class A
low flow (subcritical flow) was occurring through the bridge. (This also
occurred for the first profile.) To further review the output, the profile tables
will be discussed next.

Bogue Chitto, MS - Example 13 WSPRO Bridge Analysis
Geom: Bridge Crossing near Johnston Station Flow: 50 and 100 year flows
Johnston Sta >

Legend
1 EG 100 yr
) — //.:- - .
] e NS oy
| } + o |
= . s W i |
E 330% // ot Crit 100 yr
S T s T Ground
© ot ./l/./ v
> 4 =g
u’% 320 e " Obs WS 100 yr
/ﬁ/'\./././l/./
stoff T
300+ — ——
0 5000 10000 15000 20000 25000 30000 35000 40000
Main Channel Distance (ft)
Figure 13.16 Water Surface Profile #2 for Bogue Chitto
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Profile Tables

The profile tables are used to display the data for all of the river stations
simultaneously. One type of profile table is the Standard Table 1 (Figure
3.17). This table can be activated by selecting from the main program
window View, Profile Table, and then Std. Tables, and Standard Table 1.
This table displays the water surface elevation and energy grade line
elevation (among other variables) for all the cross sections, and can be used
to compare the calculated values to the observed water surface elevations.
By selecting Options and Define Table, the additional column heading of
“Obs WS” can be inserted prior to the “W.S. Elev.” column. With these
values displayed on the table, the user can easily compare the observed to the
calculated values.

Standard Table 1 - (O] ] I

HEC-RAS Plan:wspro plan River Bogue Chitto Reach: Johnston Sta

Reach RiverSta | QTotal | MinChEl|W.S.Elev| CitW.S. | EG.Elev |E.G. Slope| Vel Chnl |Flow Area|Top Width|«
(cfs) ® ® ® ® (/) {#/s) (safy ®
Johnston Stal53.4071* 31500.00 317.26 339.88 335.89 33997 0.000458 424 31288.02 5409.43
Johnston Sta|53.2228* 31500.00 316.44 339.59 335.21 339.67 0.000398 406 3247796  5399.39
Johnston Sta|53.0385* 31500.00 315.63 339.34 334.41 33941 0.000345 3.88 33700.00 538054
Johnston Sta|52.8542% 31500.00 314.81 339.12 333.73 33919 0.000300 371 3490425 5350.69
Johnston Sta|52.67 31500.00 314.00 338.93 332.92 33899 0.000263 355 36051.48 5320.10
Johnston Sta|52.46 31500.00 315.20 338.63 331.00 33868 0.000374 374 2867234  4747.02
Johnston Sta|52.38 31500.00 311.20 337.11 330.56 33819 0.002281 10.11 6098.07  3371.30
Johnston Stal52.37 Bridgei 2
Johnston Sta|52.36 31500.00 311.20 336.82 330.53 33766 0.002422 1032 597572  4543.94
Johnstan Sta|52.29 31500.00 315.90 336.04 332.96 336.25 0.001143 6.11 16836.68  4543.90
Johnston Sta|52.00 31500.00 313.10 334.45 331.06 33463 0.001113 575 2141471  4585.46
Johnston Sta|51.83* 31500.00 31262 33357 331.06 33380 0.001279 613 20496.13  4594.79
Johnston Stal51.66* 31500.00 312.14 332.59 330.51 332.84 0.001404 6.37 1987117 4585,5‘8er
« | »

|

]TDtaI flow in cross section.

Figure 13.17 Standard Profile Table 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, displaying the
results for both profiles. The first row is for the first profile and the second
row is for the second profile. The results in the table show the calculated
values of the energy grade line at the cross section immediately upstream
from the bridge (EG US) are 336.85 and 338.19 feet for the first and second
profiles, respectively. The column heading Min EI Prs shows a value of
340.20, which is the highest elevation of the low cord on the upstream side.
If the energy grade line value had exceeded this elevation, then pressure flow
would have been calculated. The Min Top Rd column shows the minimum
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#Z Profile Output Table - Bridge Only
File Options Std. Tables UserTables Help

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 line for either profile did not exceed the low cord elevation,
pressure flow nor weir flow developed. This is also apparent since there are
no values in the pressure only water surface (Prs O WS) or the weir flow (Q
Weir) columns. The user is referred to “Example 2 - Beaver Creek” for an
example where pressure and weir flow occurred.

HEC-RAS Plan: wspro plan River. Bogue Chitto Reach: Johnston Sta

Reach River Sta | E.G.US. |MinElPrs [BR OpenAreal Prs OWS | QTotal |Min TopRd] Q'Weir | DeltaEG
() ) (saf) (t) s | ® (cts) )

Johnstan Sta(52.37 336.85 340.20 6472.95 25000.00 341.00 0.45

Johnston Sta|52.37 338.19 340.20 6472.95 31500.00 341.00 0.66

i

:Energy grade elevation at bridge or culvert (final answer). l
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Figure 13.18 Bridge Only Profile Tal-)le

To determine the method that was used for the final energy grade line value
at the bridge, the Bridge Comparison table was activated from the Std.
Tables menu, and is shown in Figure 13.19. The two rows display the results
for each of the two flow profiles, in ascending order. The river station in the
second column is set at 52.37 (the only bridge location for this reach). The
sixth through ninth columns show the results of the low flow methods that
were chosen to be computed : Energy, Momentum, Yarnell 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. Finally, the fourth column shows the water
surface elevation that coincides with the energy elevation used by the
program. (Note: There were no results in the last two columns 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
of the energy method. Both the momentum and Yarnell methods returned
valid results since the water surface did not encounter the low cord of the
deck. The user can adjust the input parameters of the WSPRO method to
determine the significance of the values on the output, such as slope of the
abutments and the inclusion of wing walls or guide banks.
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£ Profile Output Table - Bridge Comparison B =i B3 ]
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HEC-RAS Plan:wspro plan River. Bogue Chitto Reach: Johnston Sta

Reach RiverSta | E.G.US. | W.S. US. |Br Sel Mihd|Energy EG|Momen. EGlYamell EGIWSPRO EG| Prs OEG
(t (t) B R (t) (®

Johnston Sta[52.37 33685 33603 WSPRO 33683 33680  336.44 336.85

Johnston Stal52.37 33813 33711 WSPRO 33814 33805  337.60 338.19

<« | »

Energy grade elevation at bridge or culvert (final answer).

Profile Output Table - Six XS Bridge
File Options Std. Tables Qseg’!; q@lgs Help

Figure 13.19 Bridge Comparison Table

The final profile table 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.

HEC-RAS Plan: wspro plan River. Bogue Chitto Reach: Johnston Sta

Reach

River Sta

Johnston Stal

52.46

Johnston Stal

52.38

Johnston Sta

52.37 BRU

Johnston Sta

5237 BRD|

Johnston Stal

52.36

Johnston Stal

52.29

|

E.G.Elev [W.S.Elev| CritW.S. |Frcin Loss|C & E Loss|{TopWidth| QLsft |G Channel| QRight
0 ® ® () wEE® (cfs) (cfs) (cfs)
33868 33863  331.00 0.43 000 4747.02 1569734 5727.63 10075.04
33819 33711 33056 0.12 000 337130 437516 2063088 5893.96
338.07 336.88 330.97 0.28 0.00 396.100 417536 2045452 6870.12
33779 33662 33097 0.13 000 39554 413524 2057441 679035
33766 33682 33053 0.76 065 454394 433678 2076840 579482
336.25 336.04 332.96 1.60 0.01 4543900 15023.00 1044333 6033.61
»

Energy gradeline for given WSEL

Figure 13.20 Six XS Bridge Table for Profile 2
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Cross Section Tables

In addition to the profile tables, the user can view cross section tables, which
provide information at each specific cross sections. A type of cross section
table that displays results for the bridge is shown in Figure 13.21. This table
was activated from the main program window by selecting View, Cross
Section 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 will 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.

EE Bridge Output = 10] %]
File Type Options Help

River: |Bogue Chitto | Profile: lwﬂyr 'I Opening lBridge#1 -]
Reach: [Johnston Sta ~|Rivste: [5237 -1 [s][2]

Plan: wsprolplan River: Bogue Chitta Feach:Johnston Sta Riv Sta 52.37 Profile: 100yr Opening:

E.G.US. () 338.19{Element | InsideBRUS | Inside BRDS

W.S. US. (f) 337.11|E.G.Elev () 338.07 337.79
Q Total {cfs} 31500.00|' W.S. Elev (ft) 336.88 336.62
Q Bridge (cfs) 31500.00| Crit W.S. (f) 1 330.97 330,97
Q Weir (cfs) Max Chi Dpth (f) 25.68 25.42
Weir Sta Lt (ft) Vel Total (ft/s} 6.12 6.25
\Weir Sta Rt (f) Flow Area (sq f) 5146.99 5042.15
Weir Submerg Froude & Chl 041 0.42
Weir Max Depth (ff) ‘ Specit Force (cu ff) ; 46474.30 45727.34
Min Top Rd (f) / 34100/ HydrDepth () | 12.99 12.75
Min EI Prs {f} “ 340.20| W.P. Total (ft) 856.56 846.78
Delta EG (ft) 0.66| Conv. Total (cfs) . 332948.2 3256034
Delta WS (ft) . 0.29| Top Width (ft) ] 396.10 395.54
BROpenArea(sqf) | 6472.95| Frctn Lass (R) 0.28 0.13
BR OpenVel(ft/s}) 6.25| C& E Loss (ft) . 0.00 0.00
CoefofQ 0.72| Shear Total (lb/sgft) 3.36 348
Br Sel Mthd WSPRO| Power Total (Ib/ft s} 20.55 21.74

Emrors, Yarnings and Notes

‘Warning - The conveyance ratic (upstream conveyance divided by downstream conveyance) is less

than 0.7 or greaterthan 1.4, This may indicate the need for additional cross sections.

Energy gmde elevatton at bndge or culvert (final answer)

Flgure 13.21 Bndge Type Cross Section Table
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Evaluation of Cross Section Locations

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.

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 this example, the locations of the cross sections and the
energy loss coefficients were evaluated for the second profile. 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, L, 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 of the 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 of the study suggest the use of Equation 13-1 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:

L = (ER) (L L Fs) 36 T
. = (ER) (D), = -298 + 257 + 0918 (L) + 0.00479Q  (13-1)

Fs5 00
where: L, = expansion reach length, ft
ER = expansion ratio
Fo6 = main channel Froude number at the cross section
immediately downstream of the bridge (cross section
52.36 for this example)
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L, = (CR) (L)

13-28

Fow = main channel Froude number at the cross section of
fully expanded flow (initially cross section 52.00 for
this example)

obs = average length of obstruction caused by the two
bridge approaches, ft
Q = total discharge, ft*/s

(Note: The subscripts used in Equation 13-1 and all subsequent equations
reflect the river station numbering for this example.)

From the field data, the average length of the obstruction is approximately
1770 feet and the total discharge, Q, is 31500 cfs for the high flow event.
From the initial analysis, the values of the Froude number at cross section
52.36 was 0.40 and at cross section 52.00 was 0.26 (as shown on Standard
Table 1). Substituting the values into Equation 13-1 yielded that the
expansion reach length, L., 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
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, L, is defined as the distance from the cross
section located immediately upstream of the bridge (52.38) 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:

2 0.5
E n 1
= 263+38.8[ 5”6) +257(%"’) —58.7(—""] +0.161( L) (13-2)

52.00 n,

where: L, = contraction reach length, ft
CR contraction ratio
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Fop = main channel Froude number at the cross section
immediately downstream of the bridge (cross section
52.36 for this example)

Foo = main channel Froude number at the cross section of
fully expanded flow (cross section 52.00 for this
example)

Qe = discharge conveyed in the two overbanks at cross
section 52.46, cfs

Q = total discharge, ft¥/s

N = Manning n value for the overbanks at section 52.46

n, = 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 0.26, respectively, the total over
bank flow at cross section 52.46 was approximately 25772 cfs (15697 +
10075), the total flow was 31500 cfs, the weighted n value for both of the
overbanks was 0.13, the n 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 of 31
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
length set at 685 feet and no appreciable difference was observed in the
results. Therefore, the contraction reach length of 380 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
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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.

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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Example 14 Ice-Covered River
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Ice-Covered River

Purposé

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'.

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: “Thames River Open Water Analysis”
Geometry “Thames River Open Water Data”
Flow: “Estimated Thames River Flow”
Plan: “Thames River Ice Cover Analysis”
Geometry “Thames River Ice Cover Data”
Flow: “Estimated Thames River Flow”
Plan: “Thames River Ice Jam Analysis”
Geometry “Thames River Ice Jam Data”
Flow: “Estimated Thames River Flow”

! Beltaos, S., and W.J. Moody (1986) Measurements of the Configuration of a Breakup Jam. NWRI
Contribution 86-123. National Water Research Institute, Canada Center for Inland Waters, Burlington,
Ontario, Canada L7R 4A6
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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 Flow 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
title "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 Simulate 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

|
|
|
|
|
\
|
1
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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.

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
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_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 Plan 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 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 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) to y (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.
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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 of y to n. The default value of y was entered for the upstream
and downstream river stations of the Ice Jam 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."

Ilce Jam 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
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 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 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




Example 14 Ice-Covered River

- _Profile Plot B =] g3

File Options Help

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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17817 lce Cover
E 1787
= ]
S
w®
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o 1747
168 d ™ g T T — —
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Main Channel Distance (m) 38086.26,177.83| «

Figure 14.1 Ice Jam Profile Plot
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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 Table. By selecting Ice Cover under the
Std. Tables menu, a table with the ice results will 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. This table can be used to
compare the results from each plan. An example ice table is shown
in Figure 14.3.

== Profile Output Table - Ice Cover

File Options Std. Tables UserTables Help

HEC-RAS Plan: icejam River. Thames River Reach: Ice Jam Section Reload Data I
Reach River Sta| W.S. Elev |lIce Vol Total|lce Thick LOB|Ice Vol. LOB| Mann Wtd Lett|Ice Thick Chan|lce Vol. Chan ﬂ

m | m3 (m) (m3) m | (my

Ice Jam Section| 42000 180.12  496180.13 0.00 050 496180.13
Ice Jam Section| 41530 180.05  485903.94 0.00 050  485903.94
Ice Jam Section| 41190 17994  468234.03 0.00 137  468234.03
lce Jam Section| 40690 | 17382 44185294 0.00 079  441852.94
Ice Jam Section| 40180 179.76  418596.72 0.00 075  418596.72
lce Jam Section| 39130 179.66  379761.38 0.00 055  379761.38
Ice Jam Section| 38560 17963 36223231 0.00 060 36223231
Ice Jam Section| 37530 17953  326805.22 0.00 0.87  326805.22
lce Jam Section| 36670 179.38  297061.69 0.00 093  297061.63
Ice Jam Section| 36320 | 17931  281568.08 0.00 082  281568.09
Ice Jam Section| 35820 17926 25993322 0.00 076  259933.22
lce Jam Section| 35030 17916 216646.36 0.00 113 216646.36
lce Jam Section| 34320 | 178.90 170786.05 0.00 136 170786.05
Ice Jam Section| 33780 17865 138760.08 0.00 131 138760.08
Ice Jam Section| 33480 | 17854 11974379 0.00 135 11974379
‘li-]:jam Qantinn '-I‘il'fﬂﬂ ..., ‘1 79 "2[: anz72q a7 nnn 1 RQ an72a Ci}_rd

!
|
Figure 14.3 Tabular Ice Output Table

Calculated water surface from énergy equation.
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