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River Analysis System, HEC-RAS

The HEC-RAS executable code and documentation was developed with U.S. Federal
Government resources and is therefore in the public domain. It may be used, copied, distributed,
or redistributed freely. However, it is requested that HEC be given appropriate acknowledgment
in any subsequent use of this work.

HEC cannot provide technical support for this software to non-Corps users. See our software
vendors list (on our web page) to locate organizations that provide the program, documentation,
and support services for a fee. However, we will respond to all documented instances of
program errors. Documented errors are bugs in the software due to programming mistakes not
model problems due to user-entered data.

This document contains references to product names that are trademarks or registered trademarks
of their respective owners. Use of specific product names does not imply official or unofficial
endorsement. Product names are used solely for the purpose of identifying products available in
the public market place.

Microsoft, Windows, and Excel are registered trademarks of Microsoft Corp.
ArcView is a trademark of ESRI, Inc.



Terms and Conditions of Use:

Use of the software described by this document is controlled by certain terms and conditions.
The user must acknowledge and agree to be bound by the terms and conditions of usage before
the software can be installed or used. The software described by this document can be
downloaded for free from our internet site (www.hec.usace.army.mil).

The United States Government, US Army Corps of Engineers, Hydrologic Engineering Center
("HEC") grants to the user the rights to install Watershed Analysis Tool (HEC-RAS) "the
Software™ (either from a disk copy obtained from HEC, a distributor or another user or by
downloading it from a network) and to use, copy and/or distribute copies of the Software to other
users, subject to the following Terms and Conditions for Use:

All copies of the Software received or reproduced by or for user pursuant to the authority of this
Terms and Conditions for Use will be and remain the property of HEC.

User may reproduce and distribute the Software provided that the recipient agrees to the Terms
and Conditions for Use noted herein.

HEC is solely responsible for the content of the Software. The Software may not be modified,
abridged, decompiled, disassembled, unobfuscated or reverse engineered. The user is solely
responsible for the content, interactions, and effects of any and all amendments, if present,
whether they be extension modules, language resource bundles, scripts or any other amendment.

The name "HEC-RAS" must not be used to endorse or promote products derived from the
Software. Products derived from the Software may not be called "HEC- RAS " nor may any part
of the "HEC- RAS " name appear within the name of derived products.

No part of this Terms and Conditions for Use may be modified, deleted or obliterated from the
Software.

No part of the Software may be exported or re-exported in contravention of U.S. export laws or
regulations.

Waiver of Warranty:

THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS,
REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND
SUPPLIERS PROVIDE HEC-WAT \"AS IS\" WITHOUT ANY WARRANTY OR
CONDITION, EXPRESS, IMPLIED OR STATUTORY, AND SPECIFICALLY DISCLAIM
ANY IMPLIED WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NON-INFRINGEMENT. Depending on state law, the
foregoing disclaimer may not apply to you, and you may also have other legal rights that vary
from state to state.


http://www.hec.usace.army.mil/

Limitation of Liability:

IN NO EVENT SHALL THE UNITED STATES GOVERNMENT AND ITS AGENCIES,
OFFICIALS, REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS
AND SUPPLIERS, BE LIABLE FOR LOST PROFITS OR ANY SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF OR IN CONNECTION WITH USE OF
HEC-WAT REGARDLESS OF CAUSE, INCLUDING NEGLIGENCE.

THE UNITED STATES GOVERNMENT’S LIABILITY, AND THE LIABILITY OF ITS
AGENCIES, OFFICIALS, REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS
CONTRACTORS AND SUPPLIERS, TO YOU OR ANY THIRD PARTIES IN ANY
CIRCUMSTANCE IS LIMITED TO THE REPLACEMENT OF CERTIFIED COPIES OF
HEC-WAT WITH IDENTIFIED ERRORS CORRECTED. Depending on state law, the above
limitation or exclusion may not apply to you.

Indemnity:

As a voluntary user of HEC- RAS you agree to indemnify and hold the United States
Government, and its agencies, officials, representatives, and employees, including its contractors
and suppliers, harmless from any claim or demand, including reasonable attorneys' fees, made by
any third party due to or arising out of your use of HEC- RAS or breach of this Agreement or
your violation of any law or the rights of a third party.

Assent:

By using this program you voluntarily accept these terms and conditions. If you do not agree to
these terms and conditions, uninstall the program and return any program materials to HEC (if
you downloaded the program and do not have disk media, please delete all copies, and cease
using the program.)
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Foreward

Foreword

The U.S. Army Corps of Engineers’ River Analysis System (HEC-RAS) is software that
allows you to perform one-dimensional steady flow hydraulics; one and two-
dimensional unsteady flow river hydraulics calculations; quasi Unsteady and full
unsteady flow sediment transport-mobile bed modeling; water temperature analysis;
and generalized water quality modeling (nutrient fate and transport).

The first version of HEC-RAS (version 1.0) was released in July of 1995. Since that
time there have been several major releases of this software package, including
versions: 1.1; 1.2; 2.0; 2.1; 2.2; 3.0, 3.1, 3.1.1, 3.1.2, 3.1.3, 4.0, 4.1 and now
version 5.0 in February of 2015.

The HEC-RAS software was developed at the Hydrologic Engineering Center (HEC),
which is a division of the Institute for Water Resources (IWR), U.S. Army Corps of
Engineers.

The software was designed by Mr. Gary W. Brunner, leader of the HEC-RAS
development team. The user interface and graphics were programmed by Mr. Mark
R. Jensen. The steady flow water surface profiles computational module and the
majority of the one-dimensional unsteady flow computations modules was
programmed by Mr. Steven S. Piper. The One-dimensional unsteady flow matrix
solution algorithm was developed by Dr. Robert L. Barkau (Author of UNET and HEC-
UNET).

The two-dimensional unsteady flow modeling capabilities were developed by Gary W.
Brunner, Mark R. Jensen, Steve S. Piper, Ben Chacon (Resource Management
Consultants, RMA), and Alex J. Kennedy.

The sediment transport interface module was programmed by Mr. Stanford A.
Gibson. The quasi Unsteady flow computational sediment transport capabilities were
developed by Stanford A. Gibson and Steven S. Piper. The Unsteady flow sediment
transport modules were developed by Stanford A. Gibson, Steven S. Piper, and Ben
Chacon (RMA). Special thanks to Mr. Tony Thomas (Author of HEC-6 and HEC-6T)
for his assistance in developing the quasi-unsteady flow sediment transport routines
used in HEC-RAS.

The water quality computational modules were designed and developed by Mr. Mark
R. Jensen, Dr. Cindy Lowney and Zhonglong Zhang (ERDC-RDE-EL-MS).

The spatial data and mapping tools (RAS-Mapper) were developed by Mark R.
Jensen, Cameron T. Ackerman, and Alex J. Kennedy.

The interface for channel design/modifications was designed and developed by Mr.
Cameron T. Ackerman and Mr. Mark R. Jensen. The stable channel design functions
were programmed by Mr. Chris R. Goodell.

The routines that import HEC-2 and UNET data were developed by Ms. Joan Klipsch.
The routines for modeling ice cover and wide river ice jams were developed by Mr.
Steven F. Daly of the Cold Regions Research and Engineering Laboratory (CRREL).

Many other HEC staff members have made contributions in the development of this
software, including: Vern R. Bonner, Richard Hayes, John Peters, Al Montalvo, and
Michael Gee. Mr. Matt Fleming was the Chief of the H&H Division, and Mr. Chris
Dunn was the director during the development of this version of the software.

iX



Table of Contents

This manual was written by John C. Warner, Gary W. Brunner, Brent C. Wolfe,
Steven S. Piper, and Landon Marston.

HEC-RAS uses the following third party libraries:

1. Hierarchical Data Format (HDF) — HEC-RAS uses the HDF5 libraries in both the
User Interface and the Computational engines for writing and reading data to binary
files that follow the HDF5 standards. The HDF Group:
http://www.hdfgroup.org/HDF5/

2. Geospatial Data Abstraction Library (GDAL) — HEC-RAS uses the GDAL libraries in
the HEC-RAS Mapper tool. These libraries are use for all Geospatial data rendering,
coordinate transformations, etc... GDAL: http://www.gdal.org/

3. Bitmiracle LibTiff .Net. LibTiff.Net provides support for the Tag Image File Format
(TIFF), a widely used format for storing image data. Bitmiricle:
http://bitmiracle.com/libtiff/

4. Oxyplot — 2 dimensional X-Y plots in HEC-RAS Mapper. Oxyplot:
http://oxyplot.org/

5. SQLite — Reading and writing database files. SQLite: https://www.sqlite.org/

6. CURL - HTTP support for GDAL http://curl.haxx.se/
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Introduction

Welcome to the Hydrologic Engineering Center's River Analysis System (HEC-
RAS). This software allows you to perform one-dimensional steady flow, one
and two-dimensional unsteady flow, sediment transport calculations, and
water quality computations (temperature modeling and constituent transport
and fate). 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

e Overview of this Manual

Xi
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HEC-RAS Documentation

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

Documentation Description

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

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

Applications Guide This document contains examples that demonstrate
various aspects 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.

Overview of this Manual

Xii

This Applications Guide contains written descriptions of 24 examples that
demonstrate the main features of the HEC-RAS program. The project data
files for the examples are contained within the HEC-RAS program distribution
Setup package, and will be written to the HEC Data\HEC-RAS\Example
Data\Applications Guide 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 projects within the HEC-RAS program when reviewing
the descriptions for the examples in this manual. All of the projects have
been computed, and the user can review the input and output screens that
are discussed as they appear in this manual. The user can use the zoom
features and options selections (plans, profiles, variables, reaches, etc.) to
obtain clearer views of the graphics, as well as viewing additional data
screens that may be referenced to in the discussions. The examples are
intended as a guide for performing similar analyses. This manual is organized
as follows:
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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.

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
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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.

Example 13, Bogue Chitto - Single Bridge (WSPRO), performs an
analysis 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.

Example 15, Split Flow Junction With Lateral Weir and Spillway, is
an example of how to perform a split flow optimization with the steady
flow analysis portion of the software. This example has a split of flow at a
junction, as well as a lateral weir.

Example 16, Channel Modification. This example demonstrates how to
use the channel modification feature within the HEC-RAS Geometric Data
Editor. Channel modifications are performed, and existing and modified
conditions geometry and output are compared.

Example 17, Unsteady Flow Application. This example demonstrates
how to perform an unsteady flow analysis with HEC-RAS. Discussions
include: entering storage area information; hydraulic connections;
unsteady flow data (boundary conditions and initial conditions);
performing the computations; and reviewing the unsteady flow results.

Example 18, Advanced Inline Structure Modeling. This example
demonstrates all of the inline structure capabilities within a single
structure. This includes: overflow weirs; gates; culverts; user defined
rating curves; and a flow time series outlet.

Example 19, Hydrologic Unsteady Flow Routing — Modified Puls.
This example demonstrates how to intermix hydrologic routing in the
middle of an unsteady flow model. Hydrologic routing can be used for
very steep reaches where the full unsteady flow equations may not be
applicable or stable.

Example 20, Hager’s Lateral Weir Equation. This example
demonstrates how to use Hager’s Lateral Weir equation for a Lateral
Structure.

Example 21, Overflow Gates. This example demonstrates how to use
overflow gates in HEC-RAS.

Example 22, Groundwater Interflow. This example demonstrates how
to use the groundwater interflow options in HEC-RAS, within a river reach
or with storage areas.

Example 23, Urbane Modeling. This example demonstrates how to

model pressurized pipe systems within the HEC-RAS unsteady flow
modeling capabilities.

Example 24, Manning’s n Calibration. This example discusses how to
calibrate an unsteady flow model for base Manning’s n values, as well as
how to use the HEC-RAS automated Manning’s n value calibration option.

Appendix A contains a list of references.



Example 1 Critical Creek

CHAPTER 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 HEC-RAS window, select File and then Open Project. Go to
the directory in which you have installed the HEC-RAS example data sets.
From the “Applications Guide\Chapter 1 — Critical Creek” subdirectory, 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 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.
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Figure 1-1: River System Schematic for Critical Creek
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Edit Dc:wnstream Reach Lengths

= erm| or. I _I ! g [ Edit Interpolated X5's
l Reach: IUpper Reach _I
—Selected Area Edit Options
Add Constant ... | Multiply Factar ... | Set Values ... I Replace ... I
River Station LOB | Channel | ROE
1|12 500 500 500
2111 500 500 480
310 500 510 500 |
419 500 500 450
5|8 430 500 530
6|7 480 520 500
7|6 550 530 450
8|5 500 570 &00
914 430 520 500
10(3 520 510 450
11(2 500 510 430
121 o] o] o]

QK | Cancel | Help |

Figure 1-2: Reach Lengths For Critical Creek

From the geometric data, it can be seen that most of the cross sections are
spaced approximately 500 feet apart. The change in elevation from cross
section 12 to cross-section 1 is approximately 56 feet along the river reach of
5700 feet. This yields a slope of approximately 0.01 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." The change to the profile label was made by selecting Edit Profile
Names from the Options menu and typing in the new name.
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1-4

= Steady Flow Data - 100 Year Profi =l
File QOptions Help
Enter /Edit Number of Profiles {32000 max): Il Reach Boundary Conditions ... I apply Data I

Locations of Flow Data Changes

River: ICriﬁmI r. ;I Add Mulﬁple...l

Reach: IUpper Reach ;I River Sta.:[12 LI Add A Flow Change Location I

Flow Change Location Profile Mames and Flow Rates
River Reach RS 100 yr
Critical Cr. IUpper Reach 12 2000

Critical Cr. IUpper Reach

-

Edit Steady flow data for the profiles (cfs)

Figure 1-3: Steady Flow Data Editor

Next, the Reach Boundary Conditions button located at the top of the
Steady Flow Data Editor was selected. The reach was analyzed for
subcritical flow with a downstream normal depth boundary condition of S =
0.01 ft/ft. This value was estimated as the average slope of the channel near
the downstream boundary. For a subcritical flow analysis, boundary
conditions must be set at the downstream end(s) of the river system. After
all of the flow data was entered, it was saved as the file 100 Year Profile."

Steady Flow Analysis

To perform the steady flow analysis, from the main program window Run and
then Steady Flow Analysis were selected. This activated the Steady Flow
Analysis Window as shown in Figure 1.4. Before performing the steady flow
analysis, Options and then Critical Depth Output Option were selected.
The option Critical Always Calculated was chosen to have critical depth
calculated at all locations. This will enable the critical depth to be plotted at
all locations on the profile when the results are analyzed. Next, the Flow
Regime was selected as "Subcritical”. The geometry file was selected as
"Base Geometry Data," and the flow file was selected as "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.
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4 Steady Flow Analysi m=m
File Options Help

Plan : [Existing Conditions ShortID  |Exist Cond

Geometry File : IEiase Geometry Data
Steady Flow File :

Led Lo

IlUU Year Profile

Plan Description :

—Flow Regime
% Subcritical
" Supercritical
" Mixed
—Optional Programs
™ Floodplain Mapping

Il

Enter to compute water surface profiles

Figure 1-4: Steady Flow Analysis Window

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 A T, e

File Options Help

Reaches .. | 4[| Profiles .. | [[e.] [ Plot Initial Condiions _Reload Data |

Critical Creek - Example 1 Plan: Existing Conditions  12/%/2014

-~

Critical Cr. Upper Reach =I

Enoend

Elevation ()

1000 2000 3000 4000 s000 g0a0

IMain Channel Distance (ft)

Figure 1-5: Profile Plot for Critical Creek
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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 subcritical flow value in this region, or perhaps the actual value
of the flow depth is in the supercritical flow regime. To investigate this
further, a closer review of the output needs to be performed. This can be
accomplished by reviewing the output at each of the cross sections in either
graphical or tabular form, and by viewing the summary of Errors, Warnings
and Notes.

First, a review of the output at each cross section will be performed. From
the main program window, select View, Detailed Output Tables, Type, and
then Cross Section. Selection of cross section 12 should result in the display
as shown in Figure 1.6. At the bottom of the table is a box that displays any
errors, warnings, or notes that are specific to that cross section. For this
example, there are several warning messages at cross section 12. The first
warning is that the velocity head has changed by more than 0.5 feet and that
this may indicate the need for additional cross sections. To explain this
message, it is important to remember that for a subcritical flow analysis, the
program starts at the downstream end of the reach and works upstream.
After the program computed the water surface elevation for the 11th cross
section, it moved to the 12th cross section. When the program computed the
water surface elevation for the 12th cross section, the difference in the
velocity head from the 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.
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Eile Type Options Help

River: ICriﬁmI Cr. ;I Profile: I vI
Reach IUpper Reach j R5: |12 ﬂHﬂPlan: IExistCnnd ﬂ

Plan: Exist Cond Critical Cr.  Upper Reach BS: 12 Profile: 100

E.G. Elev (ft) 1815.76 | Element LeftOB | Channel | RightOB

Vel Head (ft) 0.71 | Wt. n-val. 0.100 0.040 0. 100
W.5. Elev (ft) 1815.05 | Reach Len. (ft) 500,00 500,00 500,00
Crit W.S. (ft) 1814.45 | Flow Area (sq ft) 2136.95 320.79 100,16
E.G. Slope (ft/ft) 0.006855 | Area (sq ft) 2136.95 320.79 100,16
0 Total (cfs) 9000.00 | Flow (cfs) 5528.25 3370.98 100,75
Top Width (ft) 878.49 | Top Width (ft) §98.03 45,00 135,46
Vel Total (ft/s) 3.52 | Avg. Vel. (fs) 2,59 10,51 1,01
Max Chl Dpth (ft) 11.46 | Hydr. Depth (ft) 3.06 7.13 0.74
Conv. Total (cfs) 108702.6 | Conv. {cfs) 66770.5 40715.0 1216.9
Length Wid. (ft) 500.00 | Wetted Per. (ft) 700.81 50,80 135.48
Min Ch El (ft) 1803.60 | Shear (Ibfsqg ft) 1.30 2.70 0.32
Alpha 3.67 | Stream Power (b/ft s) 3.38 23,40 0.32
Frctn Loss (ft) 3.81 | Cum Volume (acre-ft) 225.41 41,65 10.89
C &E Loss (ft) 0.07 | Cum 5A (acres) 73.06 6,43 7.75

Warning: The velodty head has changed by more than 0.5 ft (0.15m). This may indicate the need for additional cross
sections.,

Warning: The eneray 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,

Select Profile

Figure 1-6: Cross Section Table For River Station 12

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

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



Example 1 Critical Creek

1-8

-
(%! Errors Warnings and Motes for Plan : Exist Cond = e
River: |Criti|:a| Cr, ﬂ Profile: | 100 yr ﬂ
Reach: |Upper Reach ﬂ Plan: |Exisﬁng Conditions ﬂ
Location: River: Critical Cr. Reach: Upper Reach RS: 12 Profile: 100 yr -
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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.
I Warning: The velodty head has changed by maore than 0.5 ft (0.15 m). This may indicate the need faor
1 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. j
Clipboard Print ... File ... Close |

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.

e 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.

¢ Warning - Divided flow computed for this cross-section. After the flow
depth was calculated for the cross section, the program determined that
the flow was occurring in more than one portion of the cross section. For
example, this warning occurred at river station # 10 and the plot of this
cross section is shown in Figure 1.8. From the figure, it can be seen that
at approximately an X-coordinate of 800, there exists a large vertical land
mass. During this output analysis, it must be determined whether or not
the water can actually be flowing on both sides of the land mass at this
flow rate. Since the main channel is on the right side of the central land
mass, could the water be flowing on the left side or should all of the flow
be contained to the right side of the land mass? By default, the program
will consider that the water can flow on both sides of the land mass. |If
this is not correct, then the modeler needs to take additional action.
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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.

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.

e 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.

e Warning - The parabolic search method failed to converge on critical
depth. The program_ will try the cross section slice/secant method to find
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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.

e 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.

e 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:

1486
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.

K

AR2/3 (1_1)

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.
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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, Tools and then XS
Interpolation was selected. The initial type of interpolation was Within a
Reach. The interpolation was started at cross section 12 and ended at cross
section 1. The maximum distance was set to be 150 feet (This value can be
changed later by the modeler to develop any number of cross sections
desired.). Finally, Interpolate XS’s was selected. When the computations
were completed, the window was closed. At this point, the modeler can view
each cross-section individually or the interpolated sections can be viewed
between the original sections. The latter option is accomplished by selecting
Tools, XS 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.
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== X5 Interpolaticn - Base Geometry Datz C=nEelt X
River: |Critin:a| cr. ﬂ Upper Riv Sta: |11 - ﬂ ﬂ
Reach: |U|:||:|er Reach j Lower Riv Sta: |10

Distance Between X5's 175

Dec places in interp Sta/Elev: |D.DD ﬂ |Maximum Distance {Ft]j |125

Cut Line GIS Coordinates

{* Linearly interpolate cut lines from bounding X5's @
(only available when bounding X5's are Georeferenced)

" Generate for display as perpendicular segments to reach invert
(will be repositioned as cross section data is changed)

Delete Existing Interpolated X5's | | interpolate Mew ¥5's

Close

Interp 3 xs's between "10% and "11°

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
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
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data was saved as the new file name "Base Geometry + Interpolated.” This
allowed the original data to be unaltered and available for future reference.

== X5 Interpolaticn - Base Geometry Datz C=nEet X
River: |Critiu:a| cr. j Upper Riv Sta: |11 - ﬂ ﬂ
Reach: |Upper Reach j Lower Riv Sta: |10

Distance Between X5's 125

Dec places in interp Sta/Elev: |D.DD j |Maximum Distance {ﬁ]ﬂ |125

Cut Line GIS Coordinates

{* Linearly interpolate cut lines from bounding X5's @
(only available when bounding X5's are Georeferenced)

(" Generate for display as perpendicular segments to reach invert
(will be repositioned as cross section data is changed)

Delete Existing Interpolated X5's | | Interpalate ew ¥5's

Close

Interp 3 xs's between "10% and “11°

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 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
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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 Run 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.
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= Profile Plot =NNN X

File Options Help
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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 Summary Tables, 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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Eile QOptions 5td. Tables User Tables Locations Help |
HEC-RAS Plan: Modified Geo River: Critical Cr.  Reach: Upper Reach  Profile: 100 Reload Data
Reach River S5ta |Profile QTotal | Min Ch El |W.5. Elev| Crit W.5. | E.G. Elev |E.G. Slope| Vel Chnl |Flow Area| Top Width | Froude # Chl| «
cfs) | (7 () (ft) (ft) (ft/f) {ftfs) | (sqft) ()

Upper Reach |12 100 yr 9000.00: 1803.60) 1815.61| 1814.30 1815.94 0.003234 765 30680.26 917.39 0.49
Upper Reach|11.8% 100 yr 9000.,00| 1803.02| 1814.57| 1514.14 181544  0.005453 10,79 2401.95 817.24 0.69
Upper Reach|11.6% 100 yr S000.00 1802.44| 1813.40 1813.40 18314.67 0.008330 12,14 2044.30 764,56 0.80
Upper Reach| 11.4% 100 yr 9000.00| 1801.86| 1812.43| 1812.48 1813.82  0.00B533 12,25 1894.08 £598.93 0.81

| Upper Reach|11.2* 100 yr S000.00 1801.28| 1811.29 1811.456 131290 0.009619 12,73 1701.29 646,22 0.86
Upper Reach| 11 100 yr 9000.00| 1800.70| 1810.67| 1810.42 181190  0.007059 11,21 1338.54 549.64 0.75
Upper Reach | 10.800% | 100 yr S000.00 1799.44| 1809.72 180%9.72 1311.11 0.0083568 12,10 1853.57 701.59 0.81
Upper Reach | 10.600% | 100 yr S9000.00 1798.18| 1808.55| 1808.93 1510.13 0.010132 13,06 1906.42 827.68 0.83
Upper Reach | 10.400% | 100 yr S000.00 1795.92| 1807.14 1807.66 1303.94 0.0145963 14.73| 1843.63 354.45 1.04
Upper Reach | 10.200% | 100 yr S9000.00 1795.66| 1805.44 1305.91 1807.16 0.02117% 15,71 1762.58 851.98 1.19
Upper Reach | 10 100 yr S000.00 1794.40 0 1804.63| 1803.609 1805.03 0.003534 9.84 2636.08 950,38 0.73

| Upper Reach |9.83333% | 100 yr S9000.00 1793.45| 1803.79 1303.09 1304.34 0.008539 10.48| 2624.10 975.48 0.76
Upper Reach|3.66666% | 100 yr 900000 1792,50| 1802.54| 1802,59| 1B803.60 0.008747 10,99 2609.34 997.03 0.78
Upper Reach |9.5% 100 yr 9000.00 1791.,55 1802.10| 1801.91 1802.85 0.003814 11.36| 2607.14) 103299 0.79
Upper Reach|9.33333%| 100 yr 9000.00| 1790.60| 1801.15| 1801.18 1B802.07  0.00942a 11,90, 2566.50, 1091.69 D.flﬂ
4 3

Total flow in cross section.

Figure 1-12: Standard Table 1 for Mixed Flow Analysis — Critical Creek

Summary
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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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CHAPTER 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 stream for this example is a section of Beaver Creek located near
Kentwood, Louisiana. The bridge crossing is located along State Highway
1049, near the middle of the river reach. The field data for this example were
obtained from the United States Geological Survey (USGS) Hydrologic Atlas
No. HA-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 HEC-RAS window, select File and then Open Project. Go to
the directory in which you have installed the example data sets. From the
“Applications Guide\Chapter 2 — Beaver Creek” subdirectory, 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”

To perform the pressure/weir flow analysis, the following data were entered:
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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.”

=

Tools

Storage
Area

2DFlow
Area

EAM2DArea
ann

Q Geometric Data - Beaver Cr, = Bridge - P/W [ e e
—
File Edit Options View Tables Tools GISTools Help

River Storage | 2DFlow |satzpArea|ssdzDfreal 20frea | 2DArea Pump Ro .. | Description : Plot WS extents for Profile:

Reach Area rea Conn BCLines |Breaklines mannn Station ’i =
—_ 5B | DD Fegors | |«Czm | & || < .o [none) =l
599 -

5.61
5.525%
Kentwood
5.065*

0.9713, 1.0244

Figure 2-1: River System Schematic for Beaver Creek

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.
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Cross Section Geometric Data

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

X-Y Coordinates. To view the cross section geometry data, from the
Geometric Data Editor select the Cross 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. + BE - PEiE o= yﬂ

Exit Edit Options Plot Help

River: |E=ea'u'er Creek ﬂ | \"‘«;; + n| l
Reach: |Kentln'nnd ﬂ River S13.:|5.'3'3 j ﬂﬂ

Description |U|:|stream Boundary Cross Section i E|

Del Row Ins Row | Downstream Reach Lengths

| _L0B | Channel | ROB
Station |Elevation | nval j 440 600 400

e 221 0.1 | MamingsnVaues |l
217 220.3 | e | Channel | ROB
2% 2188 g I/ I/
4| 131 2186
5233 216.8 Main Channel Bank Stations
6|282 216.6 | LeftBank | RightBank
7| 351 216.4 868 oaa
8|518 218.1 0,14
31351 213.3 | Contraction |  Expansion
101827 213.2 |EI.1 |EI.3
11|892 209
12| 709 212.7 |

Levee on left side

Figure 2-2: Cross Section Data Editor For River Station 5.99

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
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2-4

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.

River: J J J B v Edit Interpnlated XS's
Reach: |Kentln'nnd J
Selected Area Edit Options
Add Constant ... | Multiply Factor ... | Set Values ... | Replace ... |
River Station LOB | Channel | ROE -
1|5.99 440 o000 400
2| 5.875% 440 o000 400
3| 5.76 225 400 275
4| 5.685% 225 400 275
5|5.61 240 450 190
6|5.525% 240 450 190
7| 5.9 270 170 500
8|5.41 100 100 100
9|54 Highway 1049 |Bridge
10]5.39 320 500 580
11)5.29 410 416.5 410
12]5.21% 410 416.5 410 ﬂ

(04 | Cancel Help

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.

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
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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
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.
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File Options Help

River: |Bea'~rer Creek ﬂﬂlﬁ' | + i Reload Data
Reach: |Kentln'ood ﬂ River Sta.: |5.99 jﬂﬂ

Single Bridge - Example 2 Plan: Press/\Weir Method  12/8/2014
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Figure 2-4: Cross Section 5.99: Horizontal n Variation and Levee Options

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 were 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.
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Enter station and elevation points to mark
levee on cross section

Left Right

Station 305
Elevation 214.8

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 Contraction/Expansion Coefficients (Steady Flow) from the
Geometric Data Editor. This table is shown in 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.
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2-8

Edit Contraction/Expansion Coefficients (Steady Flow) - —
River: Beaver Creek J J J R v Edit Interpolated ¥5's

Reach: |Kentln'nnd J

Selected Area Edit Options
Add Constant ... | Multiply Factor ... | Set Values ... | Replace ...

River Station Contraction | Expansion

1(5.99 0.1 0.3
2|5.875% 0.1 0.3
3576 0.1 0.3
4(5.685% 0.1 0.3
5[5.61 0.1 0.3
6|5.525% 0.1 0.3
7|5.44 0.3 0.5
3(5.41 0.3 0.5
915.4  Highway 1049 Bridge

10(5.39 0.3 0.5
11|5.29 0.1 0.3
12(5.21* 0.1 0.3

w
QK | Help

Figure 2-6: Coefficients For Beaver Creek

Cancel

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.

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.
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Weir Coef |
o 40 .61 |
Clear | Del Row | Ins Row | Copy US to DS |
Upstream Downsiream
I Station |‘|igh u:hc:rd||u::w |:hnrd| Station |‘|igh n:I'mrd|Inw chard || & 1
1{a. 216.93 200, 0. 216.93 200,
2(450, 216.93 200, 450, 216.93 200,
3|450. 216.93 215.7 450, 216.93 215.7
4(a47. 216.93 215.7 047, 216.93 215.7
5|647. 216.93 200, 047, 216.93 200,
B (2000, 216.93 200, 2000, 216.93 200,
7
A ﬂ

1.5 Embankment 55 2 0.5 Embankment 55 2

Weir Data

Max Submergence: 0.95 Min Weir Flow El:
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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.

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 O, a low cord elevation of 200 feet was
entered. However, the actual ground elevation at this point is approximately
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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 | Copy | Delete | pier = [T ~ ﬂ ﬂ
DelRow | Centerline Station Upstream 470
. Centerline Station Downstream 470
Ins Row
Floating Pier Debris

AllOn ... | Al OFF ... | [~ Apply floating debris to this pier
Set Wd/Ht for all ... | Debriz Width:

Debris Height:

Lpstream Downsiream i
pier Width | Elevation | Pier Width | Elevation
_1)1.25 201, 1,25 200,
_2|1.25 218, 1,25 218,
3]
4
3
— -
0K Cancel Help Copy Up to Down

Gelect the Pier to Edit

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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Figure 2-9: Bridge/Culvert Data Editor

While viewing the bridge, the modeler can select to view just the upstream,
just the downstream, or both of the cross section views. This is performed by
selecting View and then the required option. Additionally, from the View
menu, the user should select Highlight Weir, Opening Lid and Ground as
well as Highlight Piers. These options enable the modeler to view what the
program 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, a bitmap image of the bridge was
added to the geometry file (denoted by a red square on the river system
schematic, Figure 2.1). The user can view this image by selecting the View
Picture icon on the Geometric Data Editor.
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Ineffective Flow Areas

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

For this example, ineffective flow areas were included on both the upstream
cross section (5.41) and the downstream cross section (5.39). To determine
an initial estimate for the stationing of the ineffective flow areas, a 1:1 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.

Ineffective Flow Areas “ -
Select Ineffective Mode

* Mormal " Multiple Blodks
Right

Left
Station 420 G77
Elevation 216.7 216.7

[ Permament | Permanent

OK | Cancel | Defaults| Clear |

Figure 2-10: Normal Ineffective Flow Areas For Cross Section 5.41

The left and right ineffective flow stations were entered as 420 and 677 feet,
respectively. These values are 30 feet to the left and right of the bridge
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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 the bridge modeling editor. The modeler is referred to Chapter
6 of the User’s Manual and Chapter 5 of the Hydraulic Reference Manual
for additional discussion on 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:

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

- WSPRO Method (Class A only)
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Bridge Meodeling Approach Edltur-
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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 Equation 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.

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
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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
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."

Set Criteria to check for pressure flow

{* |pstream energy grade line

" Upstream water surface

Cancel

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
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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.

‘ File Options Help
| Enter /Edit Number of Profiles {32000 max): IS Reach Boundary Conditions ... I Apply Daka I

Locations of Flow Data Changes

River: IElea'uer Creek ;I Add Mulﬁple...l

Reach: IKentwnnd ;I River Sta.:|5.99 ;I Add A Flow Change Location I

i Flow Change Location Profile Mames and Flow Rates
River Reach RS 25 yr | 100 yr |May ‘74 flood
Beaver Creek Kentwood 4999,999 10000 14000

Observed Water Surfaces Entered

Edit Steady flow data for the profiles (cfs)

Figure 2-13: Steady Flow Data Editor

To enter the boundary conditions, the Reach Boundary Conditions button
was selected and this resulted in the display shown in Figure 2.14. For this
example, a subcritical analysis was performed. Therefore, a downstream
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.
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Steady Flow Boundary Cendition:

* Set boundary for all profiles " set boundary for one profile at a time

Available External Boundary Condtion Ty

Mormal Depth I Rating Curve | Delete |

River

Upstream Downstream

Beawver Creek Kentwood

Steady Flow Reach-Storage Area Optimization ..., Cancel

Enter to accept data changes.

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."

HEC-RAS

Set known water surfaces for flows.

Flow (cfs) Known WS El (ft)
1(4999.999 209, 5 ;
2 (10000 210.5
3( 14000 211.8

(04 I Cancel |
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Figure 2-15: Known Water Surface Boundary Conditions

Pressure/Weir Flow Simulation

To perform the steady flow analysis, from the main program window Run and
then Steady Flow Analysis were selected. This activated the Steady Flow
Analysis Window as shown in Figure 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.

————
H  Steady Flow Analysis =N X

File Options Help

Flan : Press/\eir Method ShortID  |Press\ieir M

Geometry File : |Beaver Cr. +Eridge -P/W

Steady Flow File : |Beauer Cr. - 3 Flows

1 Plan Description
Flow Reqgime J
{* Suberitical
(" Supercritical
" Mixed

Optional Programs
[ Floodplzin Mapping

I Compute

Enter /Edit short identifier for plan {used in plan comparisons)

Figure 2-16: Steady Flow Analysis

Select Options and then ensure that there is a check mark "[' 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
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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 - P\WW  Flow: Beaver Cr. - 3 Flows
2201 Kentwood

Legend
S

WS Max ‘74 flood

2157 WS 100yr
J e A
1 Crit May '74 flood
_‘::,_\ WS‘ZS yr
\C/ 2101 o 7C;t lOEJ o
yr
S oS E T
= .
Crit 25
g 1 ri yr
w2057 Ground

195+ 7 0 T 1 T T T [ T T T T [ T T T T T T T

Figure 217: Profif@ot for Fﬁ%%%ureNvéf?oRnalysis‘moo 5000 6000

i ‘Main Channel Distance (ft) . i
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 for the first two profiles and
then for the third flow profile.

File Options 5td. Tables User Tables Locations Help

HEC-RAS Plan: Press/Weir M River: Beaver Creek Reach: Kentwood Reload Data

Reach River Sta Profile E.G. US. | Min Bl Prs |BR. Open Area|Prs O WS| Q Total |Min Bl Weir Flow| Q Weir | Delta EG
() (ft) (=q ft) (ft) (efs) (ft) (cfs) (ft)

Kentwood| 5.4  Highway 1049 |25 yr 213,31 21570 1600, 36 5000,00 216,94 0.26

Kentwood| 5.4  Highway 1049 100 yr 215.66 215.70 1600, 36 10000.00 216,94 0.54

Kentwood | 5.4  Highway 1049 |May '74 flood 217.67 215,70 1600.36 221,60 14000.00 216,94 3069,23 1.66

L —

2-20

Upstream energy grade elevation at bridge or culvert (specific to that opening, not necessarily the weighted average).




Example 2 Beaver Creek-Single Bridge

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.

_Bri ; v Y
Profile Output Table - Bridge Comparison i

Eile Options 5td. Tables UserTables Locations Help

HEC-RAS Plan: Press/\Weir M River: Beaver Creek Reach: Kentwood Reload Data
Reach River 5ta Profile E.G. US. | W.5. US. |Br Sel Method |Energy EG |Momen. EG | Yarnell EG | WSPRO EG | Prs O EG |Prs/\Wr EG
L N 5} (ft) (f (ft) (ft) (ft) (ft)
Kentwood|5.4  Highway 1045 |25 yr 213,31 213.03| Energy only 213.31 213.30 213.10
Kentwood|5.4  Highway 1049 | 100 yr 215.66 215.05 Energy only 215.66 215.60 215.27
Kentwood|5.4  Highway 1043 [May ‘74 flood| 217.67  217.43  Press/Weir 217.37 221.66 21?.3
4 »

Upstream energy grade elevation at bridge or culvert (specific to that opening, not necessarily the weighted average).

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 3050 cfs of the total flow
was weir flow. The remaining flow, approximately 10950 cfs, was pressure
flow through the bridge opening. As can be seen in Figure 2.19, the energy
grade line necessary for pressure-only flow was 221.66 feet. Since this value
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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 217.67 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, Run 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
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.

Prefile Qutput Table - Bridge Comparison - “\-:- (| S

File Options

Std. Tables User Tables Locations Help

HECRAS Plan: Energy River: Beaver Creek Reach: Kentwood Reload Data

IUpstream energy grade elevation at bridge or culvert (specdific to that opening, not necessarily the weighted average).

Reach River S5ta |Profile E.G. US. | W.5. US. |Br Sel Method |Energy EG |Momen. EG | Yarnell EG | WSPRO EG | Prs O EG |Prs/Wr EG | Energy/Wr EC
) ) f (f (f (ft) ) f f

Kentwood | 5.4 25 yr 213,31 213.03| Energy only 213.31 213,30 213.10

Kentwood | 5.4 100 yr 215.66 215.05| Energy only 215.66 215.60 215.27

Kentwood | 5.4 May '74 flood| 217.37  217.09 Energy only 217.37

[« | 2

— =
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Figure 2-20: Bridge Comparison Table for Energy Method Analysis
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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.

Expansion Reach Length

The expansion reach length, Le, is defined as the distance from the cross
section placed immediately downstream of the bridge to the cross section
where the flow is assumed to have fully expanded. For this example, this
distance is from cross section 5.39 to cross-section 5.29. Initially, the
expansion reach length is estimated according to observed field data or other
appropriate method. For this example, observed data were available so the
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:

I:5.39

L = ER (L) 73 257{@& 1958 ES=39 BYIB (L) woomree  Eh)
529

obs

where: Le = expansion reach length, ft
ER = expansion ratio
F5.39 = main channel Froude number at the cross section

immediately downstream of the bridge (cross section 5.39 for
this example)

F5.29 = main channel Froude number at the cross section of fully
expanded flow (initially cross section 5.29 for this example)

s = average length of obstruction caused by the two bridge
approaches, ft

Q = total discharge, ft3/s
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(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, Le, was approximately 778 feet. This equation
has a standard error of 96 feet, which yields an expansion reach length range
from 682 to 874 feet to define the 68% confidence band. The distance used
for the expansion reach length (the distance from cross section 5.39 to cross-
section 5.29) was set to be 500 feet in the main channel, which is less than
the recommended range from the equation. The modeler now has the option
to adjust this length so that it is within the calculated range. Then, after a
new analysis, the new Froude numbers should be used to calculate a new
expansion reach length. If the geometry is not changing rapidly in this
region, then only 1 or 2 iterations should be necessary to obtain a constant
expansion reach length value.

For this example, the location of the fully expanded cross section was
changed to reflect the new expansion reach length (778 feet) by interpolating
a new cross section to be located 778 feet downstream from cross section
5.39. To accomplish this, the following steps were taken. First, the
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+NewLelLc" 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
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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.

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

2 05
L, =CR(L,,, )= 263+ 38.8(@j + 257[%J - 58.7[%J +0.161L,,, (2-2)
5.29 Q N
where: LC = contraction reach length, ft
CR = contraction ratio
F5.39 = main channel Froude number at the cross section

immediately downstream of the bridge (cross section 5.39 for
this example)

F5.29 = main channel Froude number at the cross section of fully
expanded flow (initially cross section 5.29 for this example)

Qob = discharge conveyed in the two overbanks at cross
section 5.44, cfs
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Q = total discharge, ft3/s
Ny = Manning n value for the overbanks at section 5.44
n, = Manning n value for the main channel at section 5.44

From the field data and the results of the initial analysis, the Froude numbers
at 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.

Table 2-1: Expansion and Contraction Reach Length Determinations

Le
Lc

Expansion or Contraction Reach Length Determination Method

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

200 2964 500 770 747

200 740 170 478 499
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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:

D F
C, =-0.09+ O.570[—°bJ + 0.075[ﬁJ (2-3)
Dc 5.29
where: Ce = expansion coefficient
Dob = hydraulic depth (flow area / top width) for the overbank

at cross section 5.29

DC = 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 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
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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

2-28

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 973.29, 10971.02, and 2055.70 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 2055.70cfs. This is the total weir
flow occurring over the bridge. This value (minus the amount of weir going
over the main channel) should be approximately equal to the total flow in the
LOB and ROB of river station 5.41 of 973.29 + 2061.04 = 3034.33.
Furthermore, a target value of approximately 3300 cfs of weir flow was
observed. The total weir flow was computed as being 3071 cfs, a close
approximation to the estimated weir flow.

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 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.
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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.

File Type Options Help

River: IBea'u'er Creek ;I Profile: r"-'1a1_.r '74 flood vI

Reach IKentwuud ;I RS: |5.41 ngﬂli‘lan: IPrESSWEir Mew LI

Flan: Press\Weir Mew Beaver Creek  Kentwood RS: 5.41  Profile: May '74 flood

E.G. Elev (ft) 217.57 | Element LeftOB | Channel | RightOB
Vel Head (ft) 0.36 | Wt. n-val. 0.300 0.040 0.250
I | w.s. Blev (/) 217.31 | Reach Len. {ft) 30.00 30.00 30.00
Crit W.S. (ft) 212.74 | Flow Area (sq ft) 2175.39 2024.36 4557.54
E.G. Slope (ft/ft) 0.000974 | Area (sq ft) 2175.39 2024.36 4557.54
0 Total (cfs) 14000.00 | Flow {cfs) 973.29 10971.02 2055.70
Top Width (ft) 1845.97 | Top Width (f) 443,10 197.00 1200.88
Vel Total (ftfs) 160 | Avg. Vel (ft/s) 0.45 5.42 0.45
Max Chl Dpth (ft) 14.61 | Hydr. Depth (ft) 4,85 10.28 3.80
Conv. Total {cfs) 4456634 | Conv. {cfs) 31191.3 351592.5 55879.7
Length Wid. (ft) 30,00 | Wetted Per. (ft) 443,29 200,25 1201.67
Min Ch El (ft) 202,70 | Shear (bfsqg ft) 0.29 0.61 0.23
Alpha 9.02 | Stream Power (b/ft s) 0.13 3.33 0.10
Fretn Loss (ft) Cum Volume (acre-ft) 40.53 42.00 197.08
C &E Loss (ft) Cum SA (acres) 10,49 4,93 65,40

Errors, Warnings and Motes

Mote: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.

Felect Profile

Figure 2-21: Cross Section Table For Plan: Press/Weir: New LelLc

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
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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.

Comparison of Energy and Pressure/Weir Flow Methods to Observed

Data

2-30

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 Le Lc " plan and the
"Pressure/Weir Flow: New Le Lc" plan. As shown in the figure, both methods
produced the same water surface profiles for the first two flows (both of the
low flows). This is as would be expected because both methods analyzed the
two low flows using the same criteria. For the high flow, the water surface
profile for the energy method and the pressure/weir flow method varied
slightly upstream of the bridge. The Zoom feature under the Options menu
can be used to obtain a closer view of the profiles.
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Observed Water Surfaces for Comparison

Elevation (ft)

River: |Beauer Creek

=

Add Multiple... | Delete Row |

Reach: |Kentwnnd

v | River Sta.: [5.99

ﬂ Add an Obs. WS Location |

Observed WS Location

River Reach RS DnDist  |25yr | 100 yr [May '74 flood

1|Beaver Creek Kentwood 5.99 0 Fr
2|Beaver Creek Kentwood 5.875% ] 219.2
3|Beaver Creek Kentwood 5.76 ] 218.4
4|Beaver Creek Kentwood 5.685% ] 218.3
5|Beaver Creek Kentwood 5.61 ] 2158.1
6 |Beaver Creek Kentwood 5.49% ] 217.9
7|Beaver Creek Kentwood 5.41 ] 217.8
8 |Beaver Creek Kentwood 5.39 ] 215.2
9 |Beaver Creek Kentwood 5.24% ] 214.6
10| Beaver Creek Kentwood 5.13 ] 213.6
11|Beaver Creek Kentwood 5.065% ] 212.5
12 |Beaver Creek Kentwood 5.0 ] 211.8

Ok Cancel Help

Figure 2-22: Observed Water Surface Editor

Single Bridge - Example 2

1) P/IW+NewlelLc 2/6/1998
Geom: Bvr.Cr.+Bridge - P/W: New Le, Lc

200

Kentwood

2) En.+New LeLc
Flow: Beaver Cr. - 3 Flows

2/6/1998

Tegend

WS May 74 flood -P MV+NewleLc

WS May 74flood -En.+New LelLc

WS 100 yr r‘EnﬂNew Lelc

WS 100 yr - PIW+NewlLelc

WS 25yr - P/W+NewLeLc

WS 25yr- En.+New Lelc

Gl?TI{nd

Obs WS May'74 flood - P/W+Newlelc

Obs WS May'MYood -En+New LeLc

195 ‘

Origure 2-23080 3 Flow #90flles for PPE8S/Weir ant0CAergy Me?RB8s

Main Channel Distance (ft)

1
6000
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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
Error Error
5.99 220.02 0.02 219.98 -0.02 220.0
5.875* 219.04 -0.16 218.94 -0.26 219.2**
5.76 218.53 0.13 218.39 -0.01 218.4
5.685* 218.31 0.01 218.15 -0.15 218.3
5.61 218.18 0.07 218.00 -0.10 218.1
5.49* 218.00 0.10 217.80 -0.10 217.9
541 217.31 -0.49 217.04 -0.76 217.8**
5.40 - Br Up 217.31 215.92 NA
5.40 - Br Dn 217.31 215.38 NA
5.39 215.65 0.45 215.65 0.45 215.2**
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 2125
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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CHAPTER 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 HEC-RAS window, select File and
then Open Project. Go to the directory in which you have installed the HEC-
RAS example data sets. From the “Applications Guide\Chapter 3 —
SingleCulvert” subdirectory, 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.

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. Ariver 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
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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 Fipe Geomet gm
File Edit Options View Tables Tools GI5Tools Help
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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 next downstream section (cross section 20.227 for this
example) were entered as 57 feet for the LOB, main channel, and ROB. For
this cross section, the Horizontal variation in n values was selected from
the Options menu. This created an additional column in the X-Y coordinates
section in which the Manning's n values were entered at the locations along
the width of the cross section where 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.
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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 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
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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
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.)

Ineffective Flow Areas

lect Ineffective Mode
{* Mormal " Multiple Blocks
Left Right
8

Station 93 1012
Elevation 33.7 3.7

| Permanent | Permanent

OK | Cancel | Defaults| Clear |

Figure 3-3: Ineffective Flow Editor at River Station 20.238
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Edit Downstream Reach Lengt
i
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11(20.000 0 [i] U]
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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 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 (Le), should be determined by: field investigation during
high flows; the procedure outlined in a recent study by the USACE [HEC-
1995]; or other acceptable procedure. For this example, the criteria
developed by USACE [HEC-1995] research document was utilized to
determine the expansion reach length. To utilize this method, an initial
length was estimated from values obtained in tables that are presented in the
document and provided in Appendix B of the Hydraulic Reference Manual.
Then, after the flow analysis was completed, the location was evaluated
based on equations developed from the research. (This evaluation will be
discussed near the end of this example.)

3-5



Example 3 Single Culvert — Single Bridge

3-6

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

L, =[(993-925)+ (1070-1007)]/2 = 70 ft.

where: N, = 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

Lobs = 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 (Le) divided by the average
length of obstruction (Lobs). For this example, an average value of 1.4 was
initially used for the expansion ratio. Therefore, the expansion reach length
will be the expansion ratio times the average length of obstruction:

L, = (ER)(L,, ) = (L.4)70) =100 ft

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, Tools, XS Interpolation, and then
Between 2 XS's were selected. "Culvrt Reach" was selected as the river
reach (the only reach in this example) and river station 20.227 was entered
as the upper river station (this will default to river station 20.189 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
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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 GE‘ =R

River: |5pring Creek ﬂ Upper Riv Sta: - ﬂ ﬂ
Reach: |Cul'~rrt Reach ﬂ Lower Riv Sta:  [20.139
Distance Between X5's 100 I

Dec places in interp Sta/Elev: |D.DD ﬂ |I'~"Iaximum Distance {ﬁ]ﬂ |

Cut Line GIS Coordinates

{* Linearly interpolate cut lines from bounding X5's @
(only available when bounding ¥5's are Georeferenced)

" Generate for display as perpendicular segments to reach invert
(will be repositioned as cross section data is changed)

Delete Existing Interpolated X5's Interpolate New XS's

Close

Select the upper river station for interpalation

Figure 3-5: Cross Section Interpolation

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
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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:

n, /n, =0.1/0.04 =25

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
(CR) was determined to range from 0.8 to 1.5 from Table B-2. The
contraction ratio is the length of contraction (Lc) divided by the average
length of obstruction. For this example, an 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:

L, =(CR)(L,, )=(1.15)70) =80 t.

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.
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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.

sl ase
Weir Coef '
|10 140 126
Clear | Del Row | Ins Row | Copy US to DS |
Upstream Downstream
Station |‘|igh u:hc:rd| low chard | Station |‘|igh chord | low chard || | |
1|a56. 36,1 358, 36.1
2(917. 34.8 917, 34.8
3972 33.9 972, 33.9
4(993. 33.8 993, 33.8
5(1007. 33.8 1007, 33.8
61027, 33.7 1027, 33.7
7[1095, 35.7 1095, 35.7
RI11A80. 37.7 11500, 37.2 j
LL.5 Embankment 55 2 0.5 Embankment 55 2
Weir Data
Max Submergence: 0.95 Mir WWeir Flow El: 33.7
Weir Crest Shape
(®) Broad Crested
(") Ogee
DK Cancel
Enter distance between upstream cross section and dedkfroadway. (ft)
L

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
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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.

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
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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.

i '

Culvert Data Editor - o

Add ... | Copy | Delete ... |Cul-.rertID |Culvert# i j

Solution Criteria: |HighestLI.5. EG ﬂ Rename ... ﬂﬂ
Shape; |Cir|:|_|lar ﬂ Span: Diameter: |8l

Chart | 1 - Concrete Pipe Culvert ﬂ

Scale #: | 1 - Square edge entrance with headwall ﬂ

Distance to Upstrm X5: |3 Upstream Invert Elev:  |25.1
Culvert Length: 50 Downstream Invert 25
Entrance Loss Coeff: 0.5 @ # identical barrels : 2

Exit Loss Coeff: 1

Manning's n for Top: 0,013 @ Upstream |3n:|'.-\'nsh'eam j

Manning's n for Bottom: |0.013 _1]996. 996.
2| 1004, 1004,
Depth to use Bottom n: |0 3
Depth Blodked: 0 4 ﬂ
0K | Cancel | Help |

Enter the rise of the culvert (ft)

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."
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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."

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.

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

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

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

Depth Blocked — This field is used to fill in a portion of the culvert. The user
enters a depth, and everything below that depth is blocked out.
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Upstream and Downstream Invert Elevation - These two fields are used to
enter the elevations of the inverts. For a particular culvert type, all of the
identical barrels 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 is based
upon the X-coordinates of the upstream cross section (20.238) and the
downstream centerline is based upon the X-coordinates of the downstream
cross section (20.227). This example employs two culvert barrels, with the
centerline of the barrels occurring at stations 996 and 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.

# ldentical 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."
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¥ EBridge Culvert Data - Multiple Pipe Geumetr)r- 4

File View Options Help
S Sl |Spring Creek - | + ﬂ|
Reach: |CulvrtF‘.each ﬂ River Sta.: |20,237 - ﬂﬂ

Description |Twin Circular Pipe Crossing

Bounding XS's: 20,233 | 20.227 | Distance between: 57 (ft)
Rggg&"ay RS5=20.237 Upstream (Culvert)
38 Legend
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Select the river for Bridge/Culvert Editing

Figure 3-8: Bridge/Culvert Data Editor For Spring Creek

Steady Flow Data

3-14

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 "25 yr."
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55 Steady Flow Data - Multiple Pipe Flow Data C=0Ca8 X
File Options Help
Enter/Edit Mumber of Profiles (32000 max): IE Reach Boundary Conditions ... | Apply Data |

Locations of Flow Data Changes

River: ISpring Creek ;I Add Multiple. .. |

Reach: ICuI'urt Reach ;I River Sta.:| 20,535 ;I Add A Flow Change Location |

Profile Mames and Flow Rates

Flow Change Location
River Reach RS 5 yr | 10 yr |.'J_'5 ¥r

Culvrt Reach

Spring Creek

lEdit 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
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.
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Steady Flow Boundary Conditions

' Set boundary for all profiles ™ Set boundary for one profile at a time

Available External Boundary Condtion Types

Critical Depth Mormal Depth Rating Curve

ected Boundary Condition Locations and Types

River Profile Upstream Downstream
Spring Creek Culvrt Reach all

Steady Flow Reach-Storage Area Optimization ...

| Enter to accept data changes.

Figure 3-10: Boundary Conditions Data Editor

HEC-RAS
¥

Set known water surfaces for flows.

Flow (cfs) Known WS El (ft)
1(250 29,8 i
2 (400 31.2
3 (=00 319

I
E_ ()4 I Cancel |

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 Run 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 "[]" 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.

[ Ji Steady Flow Analysis l = |ihl1

File Options Help

Flan : |Spring Creek Culverts ShortID  |3ase Plan

Geometry File : |I"-"I|_|Iti|:|le Pipe Geometry

Steady Flow File : |I"-"I|_|Iti|:|le Pipe Flow Data
Plan Description
Flow Reqgime J
{* Suberitical
(" Supercritical
" Mixed

Optional Programs
[ Floodplzin Mapping

Compute

Enter /Edit short identifier for plan {used in plan comparisons)

L

Figure 3-12: Steady Flow Analysis Window

Output Analysis

For the analysis of the output, the modeler has various options to review the
data. For this analysis, evaluations were performed for the expansion and
contraction reach lengths and the channel contraction and expansion
coefficients. Then, the water surface profiles were reviewed.
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3-18

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:

L F
ER=—-=0421+ 0.485£ﬂj +0.000018Q (3-1)
obs 20.208*
where: ER = expansion ratio
Le = expansion reach length, ft
Lobs = average length of side obstruction, ft
F20_227 = main channel Froude number at the cross section
immediately downstream of the culvert (cross section
20.227 for this example)

F20.208*: main channel Froude number at the cross section of
fully expanded flow (cross section 20.208* for this
example)

Q = total discharge, ft3/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 determined previously from the table values. With this new
expansion ratio, the expansion reach length is:

L, =(ER)L,, )= (1.51)(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
Le range from 88 to 124 feet to define the 68% confidence band for Equation
3-1. The actual distance from cross section 20.227 to cross-section 20.208*
was set at 100 feet. Therefore, the existing expansion reach length seems
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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 0.5
F n
CR=14- 0.333(ﬂ] + 1.86[%j - 0.19[i’j (3-2)
20.208* Q nc
where: CR = contraction ratio
L. = contraction reach length
Qob discharge conveyed by the two overbanks at cross section
20.251, cfs

Q = total discharge, cfs
L. Manning's n value of the overbanks at cross section 20.251
e Manning's n value for the main channel at cross section

20.251

From the analysis of the 600 cfs profile, the flow in the two overbanks at
cross section 20.251 is 69.33 cfs and the Manning's n values for the
overbanks and main channel at cross section 20.251 are 0.10 and 0.04,
respectively. Substituting these values into Equation 3-2 yields a contraction
ratio of 0.39. The standard error for this equation is 0.19 which yields a
range of the CR from 0.20 to 0.58. 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:

Lc = (CR)(L,, )= (0.39)70) = 27 feet

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.
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3-20

Channel Contraction and Expansion Coefficients

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

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

C, =-0.09+ 0.570(ﬁj + 0.075(MJ (3-3)
DC 20.208*
where: C, = coefficient of expansion
Dob

= hydraulic depth (flow area divided by the top width) for
the overbank at cross section 20.208*

¢ = hydraulic depth for the main channel at cross section
20.208*

From the analysis of the 600 cfs profile, the hydraulic depths for the
overbanks and the main 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.

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: D = 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.
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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.

_ . I N
Elevation (ft)

TR F . Soame  mmEE

File

Options  Help

Reaches ... |I-|‘t| Frofiles ... |5E|

[ Plot Initial Conditions  Reload Data l

Twin Circular Pipe - Example 3 Plan: Spring Creek Culverts  12/9/2014

341

Spring Creek Cubvrt Reach -I

Legend

EG 2541
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—_—
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—
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— s W5 1oyr

EG 5y

WS Syr
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Figure 3-13: Water Surface Profiles For Spring Creek Culverts

To investigate the first flow profile, from the main window select View, Cross
Section Table, Type, and then Culvert. Select the river reach of "Culvrt
Reach," river station 20.237, profile 1, and culvert #1. This will display the
table shown in Figure 3.14. The left column of the table shows a total flow
rate of 250 cfs through the culvert. Since the culvert has two identical
barrels, this yields a flow of 125 cfs through each barrel. The table also
shows that the normal depth (3.56 ft) was greater than the critical depth
(3.02 ft), which corresponds to subcritical flow occurring through the culvert.
At the bottom of the left column, the data shows that the culvert did not flow
full for any length of the culvert. Additional values such as the velocity in the
culvert at the upstream and downstream ends are displayed.
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ORI AR - W=

Eile Type Options Help

River: ISpring Creek ;I Profile: IE ¥r ;I ICuI'u' Group: Culvert # 1 LI
Reach ICqut Reach j RS: IED.ZS? j ﬂﬂ Flan: IBase Flan j
Plan: Base Plan Spring Creek  Culvrt Reach RS: 20.237 Culv Group: Culvert # 1 Profile: 5 yr

Q) Culv Group (cfs) 250,00 | Culv Full Len (ft)

# Barrels 2 | Culv Vel U5 (ftfs) 5.09
Q) Barrel (cfs) 125.00 | Culv Vel DS (ft/s) 5.03
E.G. U5, (ft) 30,57 | Culv Inv El Up (ft) 25.10
W.5. US. (ft) 30.51 | Culv Inv El On (f) 25.00
E.G. DS (ft) 30.05 | Culv Frem Ls (f) 0.00
W.5. D5 (ft) 29.93 | Culv Exit Loss (ft) 0.27 |
Delta EG (ft) 0.51 | Culv Entr Loss (ft) 0.20
Delta W5 (ft) 0.58 | Q Weir {cfs)

E.G. IC (ft) 29,50 | Weir Sta Lft (ff)

E.G. OC (ft) 30.57 | Weir S5ta Rat (ft)

Culvert Control Cutlet | Weir Submerg

Culv W5 Inlet (ft) 29.96 | Weir Max Depth (ft)

Culv WS Outlet (ft) 29.93 | Weir Avg Depth (ft)

Culv Nml Depth (ft) 3.56 | Weir Flow Area (sq ft)

Culv Crt Depth (ft) 3.02 | Min El Weir Flow (ft) 33.71

Errors, Warnings and Mo

Flow through all barrels in a culvert.

Figure 3-14: Culvert Table For Flow=250 cfs

To determine the control of flow through the culvert (i.e., inlet or outlet), the
values of the upstream energy grade line necessary for inlet control (E.G. IC)
and outlet control (E.G. OC) are shown in the left column of Figure 3.14. For
the specified flow of 250 cfs, the upstream energy grade line for inlet control
was 29.50 feet and the upstream energy grade line for outlet control was
30.57 feet. The program will select the higher of these two values to
determine which type of control will occur (since "Highest Upstream EG" was
selected on the Culvert Data Editor). For this example, outlet control
occurred and the energy gradeline used by the program is listed as the
energy grade line upstream of 30.57 feet. Finally, by using the values in
Figure 3.14 and following the decision flow chart shown as Figure 6.9 in the
Hydraulic Reference Manual, the modeler can determine the procedure
used by the program to determine the water surface profile. For this flow of
250 cfs, the program used the Direct Step Method to calculate the water
surface profile.

For an analysis of the second flow (400 cfs), a similar procedure can be
followed. For this example, the second flow resulted in full flow along the
entire length of the barrels of the culvert. The upstream water surface profile
was determined by using the FHWA full flow equations.
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For the third flow (600 cfs), the inlet and outlet were submerged and weir
flow occurred over the roadway. Select the Culvert type Cross Section
Table (as performed for Figure 3.14) and select the third flow profile. This
will display the table shown in Figure 3.15. For this profile, the flow through
the culvert was 525.75 cfs, 262.87 cfs through each identical barrel. The
energy grade line upstream was calculated to be 34.34 feet, which
corresponds to the outlet control energy grade line as shown.

The weir flow at river station 20.237 resulted with a value of 600 - 525.75 =
74.25 cfs. This occurred from an X-coordinate of 945.10 to 1048.77, a
distance of 103.67 feet. The main channel bank stations for cross sections
20.227 and 20.238 are at 972 and 1027. Therefore, the weir flow from 945.1
to 972 should balance with the flow in the LOB at river stations 20.227 and
20.238. Additionally, the weir flow from 1027 to 1048.77 should balance with
the flow in the ROB at river stations 20.227 and 20.238.

At river station 20.237, the amount of weir flow from 945.1 to 972 can be
approximated as: the specific length of weir divided by the total weir length
times the weir flow. This was calculated as:

(972.00 - 945.1)/(103.67)- (74.25) = 19.26¢fs

Similarly, the amount of weir flow from 1027 to 1048.77 is approximately
15.4 cfs. Therefore, at river stations 20.227 and 20.238, the flow in the LOB
should be approximately 19.26 cfs and the flow in the ROB should be
approximately 15.4 cfs.

To determine the amount of flow in the overbanks at cross section 20.227,
from the Cross Section Table window, select Type and then Cross Section.
Toggle to river station 20.227 for the third flow profile. The values for the
flow in the LOB and ROB are zero at this cross section. By toggling to river
station 20.238, it was observed that the flows in the LOB and ROB were 36.2
and 34.4 cfs, respectively. Therefore, these flow values in the LOB and ROB
for both river stations need to be adjusted to balance with the amount of weir
flow.
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Eile Type Options Help

River: ISpring Creek ;I Profile: |25 yT ;I ICuI'u' Group: Culvert # 1 LI
Reach ICqut Reach j RS: IED.ZS? j ﬂﬂ Flan: IBase Flan j
Plan: Base Plan Spring Creek  Culvrt Reach RS: 20.237 Culv Group: Culvert # 1 Profile: 2

Q) Culv Group (cfs) 525.75 | Culv Full Len (ft) 50.00

# Barrels 2 | Culv Vel U5 (ftfs) 9.30

Q) Barrel (cfs) 262,87 | Culv Vel DS (ftfs) 3,30
E.G. US. (ft) 34.34 | Culv Inv El Up (ft) 25.10
W.5. US. (ft) 34.32 | Culv Inv E On {f) 25.00
E.G. DS (ft) 32.19 | Culv Fremn Ls (f) 0.19 |
W.5. D5 (ft) 32.13 | Culv Exit Loss (ft) 1,79
Delta EG (ft) 2.15 | Culv Entr Loss (ft) 0.57 ‘
Delta W5 (ft) 2.19 | Q Weir (cfs) 74.25
E.G. IC (ft) 33.59 | weir Sta Lft (ff) 945,10
E.G. OC (ft) 34.34 | Weir S5ta Rat (f) 1048.77
Culvert Control Cutlet | Weir Submerg 0.00
Culv W5 Inlet (ft) 31.10 | Weir Max Depth (ft) 0.64
Culv WS Outlet (ft) 31.00 | Weir Avg Depth (ft) 0.41
Culv Nml Depth (ft) Weir Flow Area (sq ft) 42,55
Culv Crt Depth (ft) 4,44 | Min El Weir Flow (ft) 33.71

Errors, Warnings and Motes
Warning: During the culvertinlet control computations, the program could not balance the culvertfweir flow. The reported
inlet energy grade answer may not be valid.

Flow through all barrels in a culvert.

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
decrease in the flow rate in the overbank areas. Similarly, the decrease in
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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 74.20 cfs, as shown in the Culvert Table of Figure 3.16.
This weir flow occurred from X-coordinates of 945.08 to 1048.78, a distance
of 103.65 feet. As calculated previously, the approximate portion of this weir
flow that occurred from 945.11 to 972 is:

(972.00 —945.08)/(103.7)- (74.32) = 19.29cfs

Similarly, the portion of the weir flow from 1027 to 1048.78 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
9.38 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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"B Culvert Output g [ e

Eile Type Options Help

River: ISpring Creek ;I Profile: |25 yT ;I ICuI'u' Group: Culvert # 1 LI
Reach |Culvrt Reach ~| rRs: Ja.237 | 3] t|pian: [adi |
Plan: Adj. Spring Creek Culvrt Reach RS: 20,237 Culv Group: Culvert # 1 Profile: 25 yr
Q) Culv Group (cfs) 525.68 | Culv Full Len (ft) 50.00
# Barrels 2 | Culv Vel U5 (ftfs) 9.30
I | QBarrel {cfs) 262,84 | Culv Vel DS (ftfs) 3,30
E.G. US. (ft) 34.34 | Culv Inv El Up (ft) 25.10
W.5. US. (ft) 34.31 | Culv Inv E On {f) 25.00
E.G. DS (ft) 32.19 | Culv Fremn Ls (f) 0.19
W.5. D5 (ft) 32.13 | Culv Exit Loss (ft) 1,79
Delta EG (ft) 2.15 | Culv Entr Loss (ft) 0.57
Delta W5 (ft) 2,18 | Q Weir (cfs) 74.32
E.G. IC (ft) 33.59 | weir Sta Lft (ff) 945,08
E.G. OC (ft) 34.34 | Weir S5ta Rat (f) 1048.78
Culvert Control Cutlet | Weir Submerg 0.00
Culv W5 Inlet (ft) 31.10 | Weir Max Depth (ft) 0.64
Culv WS Outlet (ft) 31.00 | Weir Avg Depth (ft) 0.41
Culv Nml Depth (ft) Weir Flow Area (sq ft) 42,59
Culv Crt Depth (ft) 4,44 | Min El Weir Flow (ft) 33.71
Warnings and MNotes
Warning: During the culvertinlet control computations, the program could not balance the culvertfweir flow. The reported
inlet energy grade answer may not be valid.

Flow through all barrels in a culvert.

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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E K-Y-Z Perspective Plot n=le
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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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CHAPTER 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 HEC-RAS window, select File and then Open Project. Go to
the directory in which you have installed the HEC-RAS example data sets.
From the “Applications Guide\Chapter 4 — Multiple Culverts” subdirectory,
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.

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
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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.

E Geometric Data - Multiple Culvert EE
File Edit Options View Tables Tools GI5Tools Help
Tools  River Storage | 2DFlew |zarcnprealssszoareal 2nArea | 2DArea Purmi RS Description : Flot WS extents for Profile:
Reach Area re3 Conn ECLinez [Ereaklines) Mapnn Station % o
Bt ——— &R |0 Fegons | (3 | <12 | 2 L[ @one) =l
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0.6200, 0.9889

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.

Expansion and Contraction Reach Lengths

The placement of cross sections in reference to the culvert, define the
expansion and contraction reach lengths. These reach lengths are crucial for
the accurate prediction of the energy losses through the culvert. The
determination of the reach lengths was discussed in detail during Example 3.
During the analysis, it was observed that an additional cross section was
required to be added to account for the expansion of the flow. This additional
cross section was added as cross section number 20.208*, with the *
indicating that the cross section was interpolated using the methods available
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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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Add...| Copy | Delete ... |CulvertID |Cirv:ular

=
Solution Criteria: |Highestu.5. EG ﬂ Rename ... ﬂﬂ
ﬂ Span: Diameter: |6

Shape; |Ciru:u|ar

Chart |1 - Concrete Pipe Culvert ﬂ

Scale #: |1 - Sguare edge entrance with headwall ﬂ

Distance to Upstrm X5: 5l Upstream Invert Elev:  |25.1
Culvert Length: 50 Downstream Invert 25
Entrance Loss Coeff: 0.5 @ # identical barrels : 2

Exit Loss Coeff: lli
H| Manning's n for Top: m@ Upstream |3nwnsh‘eam j

Manrning's n for Bottom: |0.013 _1[9%6. 990,
2| 1004 1004,
Depth to use Bottom n: |0 3
| Depth Blocked: 0 4 ﬂ
0K | Cancel | Help |

1I Enter the distance from upstream X5 to the culvert (ft)

i

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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,

Add ... | Copy | Delete ... |Cul'~rertID _ -

Solution Criteria: |Highestu.5. EG ﬂ Rename ... ﬂﬂ
Shape; |Einx ﬂ Span: |9 Rise: |3

Chart |1[J— 90 degree headwall; Chamfered or beveled inlet ﬂ

Scale #: |2 - Inlet edges beveled 1/2 inch at 45 degrees (1:1) ﬂ

Distance to Upstrm X5: |3 Upstream Invert Eley:  |28.1
Culvert Length: 50 Downstream Invert 28
Entrance Loss Coeff: 0.2 @ # identical barrels : 2

Exit Loss Coeff: lli
H| Manning's n for Top: m@ Upstream |3nwnsh‘eam j

Manning's n for Bottom: |0.013 8| 568.5 388.5
2(1011.5 1011.5
Depth to use Bottom n: |0 B
| Depth Blodked: 0 4 ﬂ
0K | Cancel | Help |

1I Select culvert to edit

i

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 %2 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 is 50 feet.
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4-6

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.

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

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

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

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

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
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culvert in the correct configuration as being parallel to the channel. The
modeler must be cautious to ensure that the centerline stationing of the
culvert ends align the culvert in the correct position.

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

I Bridge Culvert Data - Multiple Culvert Geometly_ o o e |

File View Options Help

== e B Spring Creek - | +ﬂ|

Reach: |Cul'u'rt Reach ﬂ River 5ta.: |ZD.}_‘3? ﬂ ﬂﬂ

Description |Twin Circular Pipe Crossing i E|
Bounding X5's: 20,238 | 20,227 |Di513nce between: 57 (ft)
oSS, RS=20.237 Upstream (Culvert)
iﬁﬂ Legend
—_—
Fier = 34 Ground
c —h—
.I. g 2 Ineff
| = lopin g 20 v
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Madeling
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Select the river for Bridge/Culvert Editing

Figure 4-4: Box and Circular Culverts at River Station 20.237
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Ineffective Flow Areas

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

Ineffective Flow Areas

Select Ineffective Mode

* Mormal " Multiple Blodks
Left Right

Station 931 1019
Elevation 337 33.7

[ Permanent

[ Permanent

OK | Cancel | Defaults| Clear |

Figure 4-5: Ineffective Flow Area at River Station 20.238

The stationing of the ineffective flow areas at cross section 20.238 can be
determined by 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
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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 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 Run and
then Steady Flow Analysis were selected. This activated the window as
shown in Figure 4.6. The geometry file "Multiple Culvert Geometry," the
steady flow file "Multiple Culvert Flow Data," and a subcritical flow regime
were selected. A Plan title of "Sping Creek Multiple Culverts" was entered, as
well as a Short ID of “Mult Culvert” and then the COMPUTE button was
selected to perform the steady flow analysis.

4 Steady Flow Analysis

File Options Help

Plan : |Spring Creek Multiple Culverts ShortID  |Mult Culvert
Geometry File : |I'~"Iu|ti|:|le Culvert Geometry ﬂ
Steady Flow File : |I'~"Iu|ti|:|le Culvert Flow Data ﬂ

Plan Description :

Flow Regime

{* Subcritical

(" Supercritical

" Mixed

Optional Programs

[~ Floodplain Mapping

U

Compute |

Enter/Edit short identifier for plan {used in plan comparizons)

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.

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
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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=—-=0421+ 0.485£ﬂj +0.000018Q (4-1)
Lobs 20.208*
where: ER = expansion ratio
Le = expansion reach length, ft
Lobs = average length of side obstruction, ft
F20_227 = main channel Froude number at the cross section

immediately downstream of the culvert (cross section
20.227 for this example)

F20.208*: main channel Froude number at the cross section of
fully expanded flow (cross section 20.208* for this
example)

Q = total discharge, ft3/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 approximately equal to 60 feet. With this length of
obstruction, the expansion reach length is:

L, = (ER)(L,,, )= (1.06)60) ~ 64 ft

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
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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 0.5
CR=14-0.333 Favzm +1.86 Qu -0.19 Uy (4-2)
Q n

20.208* c

where: CR

L

contraction ratio

¢ contraction reach length

cgob

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 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, =(CR)(L,, )=(0.8)(60)= 48 feet

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.
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Channel Expansion and Contraction Coefficients

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

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

D F
C, =-0.09+ 0.570(—0'3] + 0.075(ﬂJ (4-3)
Dc 20.208*
where: Ce = coefficient of expansion
Dob = hydraulic depth (flow area divided by the top width) for
the overbank at cross section 20.208*
DC = 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
where: Db = 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,
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the water surface profiles are shown for all three flows. As can be seen in the
figure, the water surface for the first flow (250 cfs) was able to travel through
the culverts without submerging the inlet or outlet. For the second and third
flow profiles, it can be seen that the culvert entrance was submerged but that
weir flow did not occur for either flow.

.. Profile Plot [ -

Eile Options Help

Reaches .. ||t Profiles .. | » ][] [~ Plot Initial Concifions Reload Data |

Multiple Culverts - Example 4 Plan: Spring Creek Multiple Culverts  12/9/2014 =
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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.
[k
Profile Qutput Table - Culvert Only LEIL
File Options 5td. Tables User Tables Locations Help
HEC-RAS Plan: Mult Culvert River: Spring Creek Reach: Culvrt Reach Reload Data I
Reach River 5ta Profile E.G. U5, |W.5. US, | E.G. IC | E.G. OC |Min El Weir Flow|Q Culv Group| Q Weir |Delta W3 |Culv Vel US
{ft) (ft) () () {ft) (cfs) (cfs) () (ft/s)
Culvrt Reach| 20.237 Box 5 yr 30,288 30.25  29.9% 30.29 33.71 74.73 0.29 3.94
Culvrt Reach| 20,237 Circular |5 yr 30.23  30.25 2865  30.27 33.71 175.27 0.29 3.55
Culvrt Reach| 20.237 Box 10 yr 31.88  31.84 3106 3189 33.71 145.82 0.48 4.85
Culvrt Reach | 20.237 Circular |10 yr 31.88  31.8B4  29.55 3137 33.71 254,18 0.48 4.45
Culvrt Reach| 20.237 Box 25 yr 3325 3322 32198 3329 33.71 216.11 1.12 7.20
Culvrt Reach| 20,237 Circular |25 yr 33.25 3322 3095 3329 33.71 383.89 1.12 5.79
[« | 2

}Jpstream energy grade elevation at bridge or culvert (specific to that opening, not necessarily the weighted average).
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Figure 4-8: Culvert Only Profile Table

In Figure 4.8, the first two rows are for the flow through the box and circular
culverts for the flow of 250 cfs. Then the second set of rows are for the flow
of 400 cfs, and 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 31.83 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
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.



Example 4 Multiple Culverts
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Delta EG (ft) 1.07 | Culv Entr Loss (ft) 0.16
Delta W5 (ft) 1.12 | Q Weir (cfs)

E.G. IC (ft) 32.19 | Weir Sta Lft (ft)

E.G. OC (ft) 33.29 | Weir Sta Rat (f)

Culvert Control Cutlet | Weir Submerg

Culv W5 Inlet (ft) 31.10 | Weir Max Depth (ft)

Culv WS Outlet (ft) 31.00 | Weir Avg Depth (ft)

Culv Nml Depth (ft) Weir Flow Area (sq ft)

Culv Crt Depth (ft) 2.44 | Min El Weir Flow (ft) 33.71 |

| }Select Profile

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

This example demonstrated the use of HEC-RAS to analyze a river reach that
contained a multiple culvert opening. The multiple culverts consisted of two
culvert types (circular and box), each with two identical barrels. After the
flow analysis was completed, the expansion and 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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CHAPTER 5

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 HEC-RAS window,
select File and then Open Project. Go to the directory in which you have
installed the HEC-RAS example data sets. From the “Applications
Guide\Chapter 5 — Multiple Openings” subdirectory, 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.

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
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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.

?Geumetﬁc [;aiz - Beaver Creek + Single Eridge EE
—

| “Jools

Editors

ot
[

Cross
Section

File Edit Options View Tables Tools GISTools Help
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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.)

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
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reach lengths were adjusted to properly locate the cross sections in the
vicinity of the bridge. For this current example, the expansion and
contraction reach lengths will be adjusted to account for the inclusion of a
culvert group and a flow relief bridge. This adjustment of the reach lengths
was performed after the bridge and culvert data were entered and will be
discussed in a subsequent section of this current example.

Bridge Geometry

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

Deck/Roadway Data

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

For the current example, a flow relief bridge was added at river station 5.40.
To add this bridge, first the bridge deck and roadway data were entered by
selecting the Deck/Roadway icon. This activated the Deck/Roadway
Data Editor as shown in Figure 5.3. The additional high and low cord
information for the second bridge was then added to provide for an opening
for the second bridge. This was accomplished by scrolling down to the end of
the existing data and then entering the stations and elevations for the high
and low cords of the second bridge. The data 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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Figure 5-2: Bridge/Culvert Data Editor
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Figure 5-3: Deck/Roadway Data Editor

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.
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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.

Bridge Modeling Approach Editor

Add | Copy | Delete | Bridge # E - ﬂﬂ |

Low Flow Methods
Use Compute
* |v Energy {(Standard Step)

[ Momentum CoefDragCd |0 @
[ yarnell (Class & only)  Pier Shape K @

[ WSPRO Method (Class A only)  WSPRO Variables |

I B B

Highest Energy Answer

High Flow Methods
{* Energy Only (Standard Step)

K Cancel | Help |

Select set of bridge coeffidents to Edit

b

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 ID will automatically be set to "Culvert #1." This was
changed to "Box #1" by selecting the Rename button. Then the Solution
Criteria was selected as "Highest Upstream Energy" and the Shape "Box " was
selected. A rise of 4 feet and a span of 6 feet were then entered. Chart
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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 between the different opening locations. Upon entering the
culvert information, the OK button was selected to exit the culvert editor.

Culvert Data Editor

.ﬁ.dd...| Copy | Delete . |Cul'u'ertID

Solution Criteria: |Highest L.5. EG J Rename . ﬂ ﬂ
Shape: |Eux j Span: Rise: |4

Chart |8 - flared wingwalls ﬂ

Scale #: |1 - Wingwall flared 30 to 75 deg. ﬂ

/| Distance to Upstrm X5: |20 Upstream Invert Elev: |211.7

Culvert Length: 50 Downstream Invert W
Entrance Loss Coeff: liﬂ # identical barrels : |57
Exit Loss Coeff:

|| Manning's n for Top: 0.013 J Upstream |3'Dwnst'eam
I Manning's n for Bottom: |0.013 1] 200. 200. -
2220, 220,
Depth to use Bottom n: |0 EIE 240,
Depth Blodked: 0 " 4| 280. 260, j
Ok | Cancel | Help |

Select culvert to edit

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
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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.

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 Cpening Analysis

Culvert Group | Bridge | Insert Row | Delete Row |
Upstream Downstream
Opening Type | Station Left | Station Right | StationLeft | Station Right

Culvert Group |0 320 0 350
Bridge 310 830 310 830
Bridge 700 1350 F00 1824

0K Cancel Help Copy Up to Down

Press enter to make the selected opening a conveyance opening.

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 O 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.

Next, the field under "Opening Type" and adjacent to row number 2 was
selected. Then, the Bridge icon was selected and the description "Bridge"
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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 the area between
the culvert and the bridge, and then 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.
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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

lect Ineffective Mode
{* Multiple Blocks

| Start 5ta | End 5ta | Elev |3ermanent{y,.’n}l
_1f0. 177, 216.4 n
_2[303. 420, 216.4 n
_3|a7v. 920, 216.4 n
_4{1a7n. 1850, 216.4 n
5

Cancel

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 be described
using the block method, not the normal method. The block method allows
the user to enter ineffective flow areas in between the openings. Finally,
ineffective 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, 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.
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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 =8ft/mi

N, /N, =1.75

L, =[(450-310)+ (850 - 647)|=170 ft

where: Db = main bridge opening width, ft
B = floodplain width contributing to flow through the main
bridge, ft
S = slope, ft/mi
Ny = Manning's n value of the overbanks
n. = Manning's n value of the overbanks
Lobs = 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
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values, an approximate location was assumed for this initial determination of
the expansion reach length and the value was estimated as 540 feet.

Additionally, the average length of the side obstructions, Lobs , was estimated

at 170 feet. This value was determined by only considering the floodplain
width between the left and right stagnation points for the main bridge.
Finally, the b/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, Le, of:
L, = (CR)L,,, )= (L.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
cross section and the data for river station 5.29 were entered, with the
downstream reach lengths being from river station 5.29 to 5.13*. Since river
station 5.29 was added, the existing reach lengths for river stations 5.39
were adjusted to 320, 500, and 580 feet for the LOB, main channel, and ROB,
respectively. Then, from the Geometric Data Editor, the following was
selected: Tools, XS Interpolation, Between 2 XS's. The upper river
station was set to be 5.39 and this caused the lower river station to be 5.29.
A 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
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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, LC, 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 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.
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Edit Downstream Reach Lengths

River: - E E |v Edit Interpolated X5's

Reach: |Kentwnnd j

Selected Area Edit Options
Add Constant ... | Multiply Factor ... | set Values ... | Replace ...

River Station LOE | Channel | ROB

1(5.99 440 &00 400
2|5.875% 440 &00 400
3576 225 400 275
4(5.685% 225 400 275
5(5.61 240 4a0 190
&6[5,525% 240 4a0 190
7|5.44 270 170 500
8(5.41 100 100 100
a|5.4 Mult Open

10(5.39 192 300 398
11(5.33% 128 200 232

-
oK Cancel Help

Figure 5-8: Reach Lengths Table for Modified Conditions Plan

Steady Flow Analysis

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 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, Run 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.
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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
judgment 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 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.
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2. Profile Plot
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Figure 5-9: Water Surface Profiles for Modified Conditions Plan
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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.)

Profile Output Table - Multiple Opening

EEREERX)
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Figure 5-10: Multiple Opening Profile Table

Eile Options 5Std. Tables User Tables Locations Help
HEC-RAS Plan: Mult Open River: Beaver Creek Reach: Kentwood Reload Data |
Reach River Sta Profile Q) Total |Flow Area| E.G. US. |W.5. U5, | Top Wdth Act| Vel Total | Crit W.5. |Left Stagn |Right Stagn
(cfs) (sq ft) (ft) () () (ftfs) () (ft) (o
l Kentwood|5.4  Culv Group#1|25 yr 105,41 245,26 213.22| 213.22 126.00 0.43 73.69 310.00
| |Kentwood [ 5.4 Bridge #1 25 yr 4452.21| 1198.20 213.25 213.03 211.34 3.72) 208.43 310.00 700.00
l Kentwood|5.4  Bridge #2 25yr 442,38 333.80 213,25 213.23 340.00 1.33 212.36 700.00 1286.71
Kentwood|5.4  Culv Group#1| 100 yr 345.18 491.45 215,18 215.17 126.00 0.70 25.97 310.00
Kentwood|5.4  Bridge #1 100 yr 7513.25) 1644.08 215,17 214.81 257.00 4,57 210.07 310.00 700.00
Kentwood| 5.4 Bridge #2 100 yr 2141,57| 970,45 215,17 215.10 340.00 2,21 213.32 700.00 1678.39
Kentwood|5.4  Culv Group#1|May '74 flood 561,79 1294.57 216.54  216.53 301.88 0.43 8.12 310.00
Kentwood| 5.4 Bridge #1 May ‘74 flood| 9951.42) 1987.13 216.58 216.14 257.00 5.01 210.93 310.00 880.00
Kentwood|5.4  Bridge #2 May '74 flood | 3486.79| 2797.57 216.57 216.55 957.36 1.25 213.73 830.00 1847.36
Total flow in cross section.
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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 105.41 cfs flowing through the culvert
group, 4452.21 cfs through the main bridge, and finally 442.38 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 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 73.69 to 310 for the culvert, from 310 to 700 for the main bridge, and
from 700 to 1286.71 for the relief bridge.

For the culvert, the program used a left stagnation point of 73.69 feet. This
value is the X-coordinate where the culvert water surface elevation of 213.22
intersected the left side of the cross section. The right stagnation point for the
culvert was determined to be 310 feet. Therefore, in order to balance the
upstream energy gradelines, the program determined that the flow rate
through the culvert required an upstream conveyance that encompassed
cross section station 73.69 to 310.

Similarly, for the first flow profile, the program determined that the flow
through the main bridge opening would be from an upstream X-coordinate of
310 to 700 and the flow rate through the relief bridge would be from
upstream X-coordinates of 700 to 1286.71. The value of 1286.71 is the X-
coordinate where the relief bridge water surface elevation of 213.23 coincided
with the right edge of the cross section.
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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 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
216.54, 216.58, 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
216.54, 216.14, and 216.54, 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 216.20, as shown in Figure
5.11. This water surface elevation is calculated from the average energy of
the upstream section. The actual water surface elevations at the bridge are
more likely reflected by the values as shown in the 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 561.79, 9951.42, and
3486.79 cfs, respectively. Since the culvert group is located in the LOB, the
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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
676.20, 10181.54, and 3142.25 cfs, respectively. Similarly, the flows at river
station 5.39 were 705.59, 9931.67, and 3362.74 cfs. These flow distributions
are similar and reflect the transition of the flow rates across the cross
sections.

Cross Section Outpul

File Type Options Help

River: IBea'u'er Creek j Profile: IMay '74 flood LI
Reach IKentwood LI RS: |5.41 ;I H Flan: IMuIt COpen ;I
Plan: Mult Open  Beaver Creek  Kentwood RS: 5.41  Profile: May '74 flood
E.G. Elev (ft) 216,58 | Element LeftOB | Channel | RightOB
Vel Head (ft) 0.33 | Wt. n-val. 0,150 0.040 0.060
I | w.5. Blev (/) 215,20 | Reach Len. {ft) 100,00 100,00 100,00
I Crit W.5. (f) 212,87 | Flow Area (sq f) 709.66 1805.569 1454,26
E.G. Slope (f/f) 0.001228 | Area (sq f) 1682.91 1805.569 3224.95
Q) Total (cfs) 14000.00 | Flow (cfs) 676,20 10131, 54 3142.25
| Top Width (ft) 1336.35 | Top Width (ft) 439,22 197.00 1200.14
I Vel Total (ftfs) 3.53 | Awa. Vel, (ftfs) 0,85 5.64 2,16
|| | Max Chl Dpth (ft) 13.50 | Hydr. Depth (ft) 4,55 9,17 3.93
i Conv, Total (cfs) 399586.4 | Conv. (cfs) 19300.2 290600, 5 39685.7
||| Length witd. (/) 100,00 | Wetted Per. (ft) 156.01 200.25 370.07
i | Min Ch El {ft) 202,70 | Shear (Ibf=qg ft) 0.35 0.69 0.30
||| Alpha 1.95 | Stream Power (Ib/ft s) 0.33 3.90 0.65
Frctn Loss (ft) Cum Volume (acre-ft) 38.90 33.26 195,56
N | C &E Loss (ft) Cum SA (acres) 9.93 4.43 66.09

Errors, Warnings and Motes

Mote: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.

Fnter to move to next upstream river station location

Figure 5-11: Cross Section Table for Profile 3, River Station 5.41

Summary

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
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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.

2. Profile Plot

e | e

File Options Help

Reaches ... |l|‘t| Frofiles ... |5E|

[ Plot Initial Conditions  Reload Data

Multiple Openings - Example 5
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Plan:  1)Mult Open 12/9/2014 2)Base 12/9/2014
|
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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 1.23 feet (from 217.43 to
216.20 feet). The modeler can use this information to determine if any
additional decrease is necessary.
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Eile Options

Std. Tables

User Tables

Locations

Help

Profile Output Tabie - SR Lglﬂgﬂ

Reload Data I
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Figure 5-13: Standard Table 1 for Base and Modified Plans, Third Profile

S River: Beaver Creek Reach: Kentwood  Profile: May '74 flood
Reach River 5ta |Profile Flan QTotal |MinChE |W.5. Elev|Crit W.5. |E.G. Elev |E.G. Slope| Vel Chnl |Flow Area | Top Width
(cfs) () (ft) () (ft) (f/fD) (ftfs) | (sqft) (ft)

Kentwood | 5.61 May '74 flood | Mult Open| 14000.00 204.40 217.30 213,62 217.33 0.000%02 493 7959.12) 1867.70
Kentwood|5.61 May '74 flood | Base 14000.00 204.40 213.09 213,62 218.14 0.000550 4.03 9490.83 1988.37
Kentwood|5.525% |May '74 flood | Mult Open| 14000.00 204,15 217.03 214,37  217.15 0.000849 506 7717.30) 1884.42
Kentwood| 5.49* May '74 flood | Base 14000.00 204,07 217.80 214,40 217,98 0.000441 3.91 9438.63 1910.06
Kentwood | 5.44 May ‘74 flood | Mult Open| 14000.00 203.90 216.76 214,21 216,92 0.000777 493 7356281 1841.00
Kentwood| 5.41 May ‘74 flood |Mult Open| 14000.00 202,70  216.20| 212.87 216.58 0.001223 5.64| 3969.61 1836.35
Kentwood| 5.41 May '74 flood | Base 14000.00 20270 217.43 212,25 217.67 0.000727 4,72 897269 1845.98
Kentwood | 5.4 Mult Open

Kentwood| 5.39 May ‘74 flood |Mult Open| 14000.00 202,70  215.55| 212,62 215.96 0.001492 5.92| 3813.92| 1657.49
Kentwood| 5.39 May '74 flood | Base 14000.00 20270 215.62| 21226 216.04 0,001552 6.07 663223 170287
Kentwood | 5.33% May '74 flood | Mult Open| 14000.00 20276 215.26 212,53 215,42 0.001241 508 ©6207.14 1648.26
Kentwood| 5,29 May ‘74 flood |Mult Open| 14000,00 202,80  215.03| 211.45 215,16 0.001253 4.62| 5827.75 1608,30
Kentwood| 5. 24% May ‘74 flood | Baze 14000.00  201.83 214.64 211,52 21477 0.001312 5.26| 5817.21 1633.34
Kentwood|5.21% May '74 flood | Mult Open|  14000.00 201.35 214,42, 211.58 214,59 0.001515 591 5779.21 1644.68
Kentwpnd | 5.13 Mav '74 flond | Mult Onen|  14000.00 19390 21333 211,50 M3 TR D.ON257R ".400 R017.23 1431'].E|;I
4 i I »

Total flow in cross section.
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CHAPTER 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 HEC-RAS
window, select File and then Open Project. Go to the directory in which you
have installed the HEC-RAS example data sets. From the “Applications
Guide\Chapter 6 — Floodway Determination” subdirectory, 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"

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

6-1



Example 6 Floodway Determination

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 5 -  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

Natural Water Surface

A Water Surface

v
!

‘7/ Cross Section
View

Plan View

o ay
Floodway Fringe Floodway Fringe

> < > <
< >

100 - Year Floodplain

Figure 6-1: Floodway Definition Sketch

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:

e Determine the 100-year flood profile
e Method 5 optimization procedure
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e Method 4 - with 3 target depths

e Method 4 - with 1 target depth

e Method 1 - final delineation of floodway
e 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.

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.
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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."

Method 5 Encroachment Data

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

Left bank offset: ||1EI— Right bank offset: IID—
River: |Bea'u'er Creek ﬂ Profile: PF#2 hd
Reach: |Kentwnc:d j Impaort to Method 1...

Set Range of Values

Upstream RS: 5.99 | Method none v
Downstream RS:  |5.0 - | Value 1

i

Set Selected Range | value 2
| River 5ta Method | Value 1 | Value 2
I 1|5.99 5 1 1.2
2[5.875% 5 1 1.2
3[5.76 5 1 1.2
4[5.685% 5 1 1.2
| 5[5.61 5 1 1.2
6|5.49* 5 1 1.2
7[5.41 5 1 1.2
l 8[54 BR
9(5.39 5 1 1.2
10(5.24* 5 1 1.2
11(5.13 5 1 1.2
12(5.065% 5 1 1.2
13(5.0 5 1 1.2
oK Cancel Clear Profile Clear all Profiles

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
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.
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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 cannot be
selected in the encroachments data editor. The second profile is selected to
be used for the Method 5 analysis.

Method and Target Values. Method 5 was selected for this analysis.
When a method is selected, the data entry fields required for that method will
appear immediately under the method field. For Method 5, the 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 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 "M5" 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 Summary
Table, and then Std. Tables. The program generates 3 encroachment
tables, with each table providing some of the same information and additional
data. For this analysis, select 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 un-encroached 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.
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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
encroachment method produced results up to the 1.0 foot allowable rise. This
method had difficulty determining the encroachments around the bridge
because the bridge hydraulics performed like a local control. This will be
discussed further in the Method 4 analysis.

From the analysis of the 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.

Profile Qutput Table - Encroachment 1 ‘ Elﬁlﬂ—hj

T —

File Options 5td. Tables User Tables Locations Help
HEC-RAS Plan: M5 River: Beaver Creek Reach: Kentwood Reload Data
Reach River Sta  |Profile W.5. Elev|Prof Delta WS | E.G. Elev | Top Wdth Act| QLeft |Q Channel| QRight |[EncStal | ChStal | ChStaR |[EncStaR |
(ft) (ft) s (ft) (cfs) (cfs) (cfs) (ft s (ft) (ft)

Kentwood|5.4 BRU|PF#1 217.43 217.67 1846.98 739.47| 11270.87 1985.41 450.00 547.00
Kentwood [5.4 BR U|PF#2 217.35 -0.08 217.71 978.55 245,25 12239.88 1521.45 313.68 450.00 547,00 1292.23
Kentwood|5.4 BRD|PF#1 217.43 217.67 1324.00 733,47 11270.87| 1985.41 450,00 &47.00
Kentwood|5.4 BRD|PF#2 217.35 -0.08 217.71 978.55 245,25 12235.88 1521.45 313.68 450.00 647,00 1292.23
Kentwood | 5,39 PF#1 215.62 216.04 1702.87 1073.65 1025292 2673.43 450,00 ©47.00
Kentwood | 5,39 PF#2 216,29 0.68 216,74 978.55 505,38 10972.04| 2522.58 313.68 450,00 &47.00| 1292.23
Kentwood | 5.24* PF#1 214.64 214.77 1633.34 2335.75) 2506.356 9157.89 200,30 257.00

' Kentwood | 5.24* PF#2 215,63 0.99 215.74 981,75 2086.95 2398.17 9514.87 85.70 200,30 257.00| 1067.45

| Kentwood | 5.13 PF#1 213,33 213.78 1430.02 1102.71 4951.45 7945.34 155.00 213.00

|| |[Kentwood | 5.13 PF#2 214.33 1.00 214.94 515.11 216.46| 5883.80 7899.74 145.00 155.00 213.00 660,11
Kentwood | 5.065* PF#1 212,54 212,88 1781.77 1624.37 15359.43 7015.20 274,50 365,50
Kentwood | 5.065% PF#2 213.54 1.00 214.03 642,15 167.71| ©493.50| 7338.80 264.50 274,50 365.50| 906.65
Kentwood | 5.0 PF#1 211.80 212,05 1925.36| 2217.73| 5187.01 6595.27 394.00 513.00

| Kentwood | 5.0 PF#2 212,80 1.00 213.18 912.57 127.69 654490 7327.42) 384.00 394.00 513.00| 1296.57|

Calculated water surface from energy equation.

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
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program calculates (among other parameters) the water surface profile and
the conveyance for each river station.

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

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

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
foot. 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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[v Egual Conveyance Reduction

Left bank offset: IID— Right bank offset: IID—
River: |Bea'u'er Creek ﬂ Profile: PF#2 hd
Reach: |Kentwnc:d j Impaort to Method 1...

Set Range of Values

Upstream RS: 5.99 | Method none v
Downstream RS:  |5.0 - | Value 1

i

| Set Selected Range | value 2
I River 5ta Method | Value 1 | Value 2
l 1|5.93 4 0.3

2[5.875% 4 0.8

3[5.76 4 0.8

4[5.685% 4 0.8

5[5.61 4 0.8

6|5.49* 4 0.8

7[5.41 4 0.8

8[54 BR

9(5.39 4 0.8

10(5.24* 4 0.8

11(5.13 4 0.8

12(5.065% 4 0.8

13(5.0 4 1

oK Cancel Clear Profile Clear all Profiles

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, un-encroached
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
foot, 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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Profile Qutput Table - Encroachment 1

‘ | S

File Options

Std. Tables User Tables Locations Help

HEC-RAS Plan: M4 - Trial 1 River: Beaver Creek Reach: Kentwood Reload Data

Reach River 5ta  |Profile W.5. Elev | Prof Delta WS | E.G. Elev | Top Wdth Act| QLeft |Q Channel| QRight |EncStal | ChStal ﬂ
(ft) (ft) (fth (fth (cfs) (cfs) (cfs) (ft) (ft)
Kentwood | 5,13 PF#1 213,33 213.76 1430.02 1102.71 495145 7945.84 155.00
Kentwood | 5.13 PF#2 214.27 0.94 214.79 595.561 204.92) 5566.11 5228.98 145.00 155.00
Kentwood | 5,13 PF#3 214,31 0.97 214.85 563.78 209,00, 5679.41 B111.59 145,00 155.00
Kentwood | 5.13 PF#4 214.34 1.01 214.91 535.76 212.87| 5736.84 B8000,29 145.00 155.00
Kentwood | 5.065% PF#1 212,54 212,83 178177 1624.37 5359.43 7016.20 274,50
Kentwood | 5.065% PF#2 213.55 1.01 213.96 771.05 159.40) 617271 7667.89 264,50 274.50
Kentwood | 5.065% PF#3 213.55 1.00 214.00 707.53 163.69| 6338.37 7497.94 264.50 274.50
Kentwood | 5.065% PF#4 213,54 1.00 214,03 540,47 167,81 6497.55 7334.64 264.50 274,50
Kentwood | 5.0 PF#1 211.80 212.05 1925.36| 2217.73| 51B87.01 ©6595.27 394.00
Kentwood | 5.0 PF#2 212,80 1.00 213,18 912,57 127,69 6544.90 732742 384.00 394.00 J
Kentwood | 5.0 PF#3 212.80 1.00 213.18 912.57 127.69| 6544.90 7327.42 384.00 394.00 -
L] 3

Calculated water surface from energy equation.

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.

Table 6-1: Selected Target Values
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Station Target AWS from Trial 1
5.99 1.0 0.86
5.875* 1.0 0.67
5.76 1.0 0.58
5.685* 1.0 0.52
5.61 1.0 0.49
5.49* 1.0 0.43
541 1.0 0.17
5.40 (Bridge) 1.0 0.17
5.39 0.9 0.95
5.24* 0.8 0.94
5.13 0.9 0.97
5.065* 1.0 1.00
5.00 1.0 1.00

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

Method 4 Encroachment 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.

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
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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.

[v Egqual Conveyance Reduction

Left bank offset: 10 Right bank offset: |10

River: |Bea'u'er Creek j Profile: PF#2 hd
Reach: |KEntwcmd j Import to Method 1...

Set Range of Values

Upstream RS: 5.95 | Method none  w
Downstream RS:  |5.0 | Value 1

Set Selected Range | Value 2

i

River Sta Method | Value 1 | Value 2
5.95
5.875%
576
5.685%
5.61
5.495*
.41

54 ER
5.38
5.249%
5.13
5.065%
5.0

[ g A . A

w oo | s o [en | s e | pa | =
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=]

e
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oK Cancel | Clear Profie | Clear All Profiles

Figure 6-6: Encroachment Data Editor for Method 4 — Trial 2

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.)
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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 both 1.00 feet. For river
station 5.13, the change in water surface is 1.01 feet. This value was
obtained with a target value of 0.9 feet. Therefore, to decrease the resulting
water surface elevations at this river station, the target value for this river
station must be decreased and a subsequent Method 4 analysis performed.
This iterative process of changing the target values and reviewing the output
can determine the 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.
— [EENEEN S
Profile Output Table - Encroachment 1 C=LE
File Options 5td. Tables User Tables Locations Help
HEC-RAS Plan: M4 - Trial 2 River: Beaver Creek Reach: Kentwood Reload Data '
Reach River Sta |Profile W.5. Elev|Prof Delta WS | E.G. Elev | Top Wdth Act| QLeft |Q Channel| QRight |EncStal | ChStal ﬂ
(ft) (ft) (o (o (cfs) {cfs) {cfs) {ft) (ft)

Kentwood|5.4 BRD|PF#1 217.43 217.67 1324.00 739,47 11270,87 1985.41 450,00
Kentwood|5.4 BRD|PF#2 217.52 0.09 217.94 704,54 26,46 1213544 18358.01 440,00 450,00

|| |Kentwood | 5.39 PF#1 215.62 216.04 1702,87| 1073.65 1025292 2673.43 450,00

| Kentwood | 5,39 PF#2 216,54 0.93 217,10 704,54 29.12| 12097.74 1873.14 440.00| 450.00
Kentwood | 5. 24* PF#1 214.04 214.77 1633.34| 2335.75 2506.36) 9157.89 200,30

l Kentwood | 5,24 PF#2 215.66 1.02) 215.83 725,77 833,92 2880.62 10285.46 159.15 200,30

| Kentwood | 5,13 PF#1 213,33 213.76 1430.02 1102.71 495145 7945.84 155.00
Kentwood | 5,13 PF#2 214.35 1.01 214,89 563.78 208,38 566495 8126.67 145,00 155.00
Kentwood | 5.065% PF#1 212,54 212,83 178177 1624.37 5359.43 7016.20 274,50
Kentwood | 5.065% PF#2 213.54 1.00 214.03 640.47 167.81| 6497.55 7334.64 264,50 274.50
Kentwood | 5.0 PF#1 211.80 212.05 1925.36| 2217.73| 5187.01 6&595.27 394.00
Kentwood| 5.0 PF#2 212,80 1.00 213.18 912.57 127.69) 654490 7327.42 384.00 39400 w
| 0

Calculated water surface from energy equation.
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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 1144.54. 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
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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.

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.

Eile Options 5td. Tables User Tables Locations Help 1

HEC-RAS Plan: M4 - Trial 2 River: Beaver Creek Reach: Kentwood Reload Data

Reach River Sta  |Profile Prof Delta WS | Top Wdth Act| K PercL |Enc Sta L |Dist Center L|Center Station | Dist Center R |[Enc StaR | KPercR | Enc WD | «
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

Kentwood|5.4 BRD|PF#1 1324.00 548,50
Kentwood|5.4 BRD|PF#2 0.09 704,54 440,00 108.50 548.50 596.04| 1144.54 704,54
Kentwood | 5.39 PF#1 1702.87 543.50
Kentwood | 5,39 PF#2 0.93 704,54 8.8 440.00 108.50 548,50 596.04| 1144.54 11.79 704,54
Kentwood | 5.24* PF#1 1633.34 223.65
Kentwood | 5.24* PF#2 1.02 725,77 11,39 159.15 ©9.50 228,085 056,27 B884.92 11,39 725,77
Kentwood | 5.13 PF#1 1430.02 134.00
Kentwood | 5.13 PF#2 1.01 563.78 .49 145,00 39.00 134,00 524.78 708.78 13.43 563.78
Kentwood | 5.065% PF#1 1731.77 320,00
Kentwood | 5.065% PF#2 1.00 540.47 10.79 264.50 55.50 320.00 584.97| 904.97 13.89 540.47
Kentwood | 5.0 PF#1 1325.36 456,00
Kentwood | 5.0 PF#2 1.00 912,57 15.43 384.00 72,00 456.00 840.57| 1296.57 15.53 912.57( =

Difference in WS between current profile and WS for first profile.

Figure 6-8: Encroachment Table 2 for Method 4 — Trial 2
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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.
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Table 6-2: Final Target Values

Station Target AWS 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
5.61 2.00 0.62
5.49* 2.00 0.43
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.

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 0.11 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
12179.63 cfs, a major portion of the total flow of 14000 cfs.
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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

6-18

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.

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,
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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.
Eile Options
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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.
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Summary
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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.

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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CHAPTER 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 HEC-RAS window, select File and
then Open Project. Go to the directory in which you have installed the HEC-
RAS example data sets. From the “Applications Guide\Chapter 7 — Multiple
Plans” subdirectory, 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 P## user
Geometry G## user

Steady Flow Ft user
Unsteady Flow U user
Sediment Data St user
Hydraulic Design H## user

Run Ri#t# 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.

Elements of a Plan
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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 re-compute 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.”

Finally, a steady flow data file was created that contained the 100-year flow
event. This steady flow file had an extension “.FO1.”

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
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merely associated the second geometry file with the original steady flow data
file. After both plans were computed, the output from the first plan (.001)
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 were entered by selecting the
Deck/Roadway icon on the left side of the editor. Additionally, the Bridge
Modeling Approach icon was selected and the appropriate information
provided (These procedures were also applied to develop the other 3 bridges
in the river reach).

After all of the geometric data were entered, the geometry file was saved.
This was 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.
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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, Run 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 “.PO1” 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 “.001” 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.

Elevation (ft)
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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
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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
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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.”
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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
Run 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 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.

Comparison of Existing and Proposed Plans

7-10

To compare the output from the two plans, the user can view the results
graphically and in tabular format. This comparison will describe the methods
to view the output 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 window shown in Figure 7.7. The plan selection
window is divided into two parts: an option for comparing multiple geometries
at the top, and a box containing all of the available plans to view output for.
To select plans for viewing there output, simple check the box in front of each
plan label. Additionally, the Select All and Clear All buttons can be used. For
this example, both 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. The option for comparing geometries allows
the user to plot the output and geometric data for two plans simultaneously.
Since the invert and channel geometry did not change between these two
plans, there was no benefit to selecting this option.
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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.
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Since both plans only had one flow entered, only one water-surface profile
can be plotted for each plan. If other flow profiles had been computed, then
the user could also select to plot those profiles.

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

Cross Section Plots

In a similar manner, the water surface for both plans can be viewed on the
cross section plots. This is performed by selecting View and then Cross-
Sections from the main program window. River station 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.

Napa Cr. Bridge Project - Example 7 Plan: 1) Existing 2)Proposed
Geom: Proposed Bridge Flow : 100 year flow
RS =2512 BRU Seminary St. bridge - Proposed
.08 % .035 jJ( .08 ﬁj
30: Legend
25{ WS 100 yr- Existing
1 WS 100 yr - Proposed
=) ] N -
5 20: 1\ I GroAund
= ] Ineff
& 15 .
w ] Bank Sta
10
57 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

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
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first water surface is for the existing conditions plan and the second water
surface is for the proposed conditions plan.

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
Summary Table. By selecting Standard Table 1, the table as shown in
Figure 7.10 will appear. The first two columns of the table in Figure 7.10
display the river reach and river station. The third column identifies which
plan the data are from. The identifiers in this column are obtained from the
Short 1D entered in the Steady Flow Data Editor. The remaining portion
of the table displays information for each plan such as total flow, energy
gradeline elevation, water surface elevation, etc. By presenting the data in
this format, the modeler can easily compare the output for each plan.

Profile Output Table - Standard Table . EX )|

Eile Options 5td. Tables User Tables Locations Help

HEC-RAS River: Mapa Creek Reach: South Reach Profile: 100 Reload Data
Reach River Sta | Profile Plan Q Total | Min Ch El |W.5. Elew | Crit W.S. |E.G. Elev |E.G. Slope| Vel Chnl |Flow Area| Top Width | Froude # Chl| «

(cfs) (ft) (ft) (ft) () (ft/ft) (ftjs) | (sqft) (ft)

South Reach | 2564 100 yr Existing 4070.00 5.53 23,22 15.68 23,93 0.001138 7.03 08,21 57.50 0.34
South Reach | 2564 100 yr Proposed | 4070.00 5.53 20,60 15.65 21,79 0.002344 8.76 471.15 48.43 0.46 J
South Reach |2549.% | 100 yr Proposed | 4070.00 5.49 20.57 15.60 21.76| 0.002335 8.75 472.49 45.69 0.46
South Reach | 2540 100 yr Existing 4070.00 5.45 23,20 15.60 23.95 0.001117 6.99 513,55 58.37 0.33
South Reach | 2540 100 yr Proposed | 4070.00 5.45 20,55 15.60 21,73 0.002312 8,72 47234 48.89 0.456
South Reach| 2512 Bridge
South Reach | 2484 100 yr Existing 4070.00 5.26 19.64 15.42 21,10 0.002671 9.69 419,99 58. 26 0.51
South Reach | 2484 100 yr Proposed | 4070.00 5.26 19.73 15.43 21.07 0.002336 9.27 44361 58.40 0.51
South Reach | 2471% 100 yr Proposed | 4070.00 5.21 19,70 15.33 21,02 0.002807 9,24 4456.48 50,21 0.50
South Reach | 2446 100 yr Existing 4070.00 5.10 19.65 15.23 20,95 0.002735 9.15 447,78 45.93 0.50
South Reach | 2446 100 yr Proposed | 4070,00 5.10 19.85 15.23 20,95 0.002735 9.15 447.78 45.93 0.50 ﬂ

Total flow in 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.

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.
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Profile Output Table - Bridge Cnly

File Options

Std, Tables
HECRAS River: Napa

User Tables

Locations  Help

Creek Reach: South Reach  Profile: 100

Reload Data

Reach River Sta |Profile Plan E.G. US. [Min El Prs [BR. Open Area|Prs O WS | Q Total |Min El Weir Flow| Q Weir | Delta EG
{ft) (ft) {sq ft) {ft) {cfs) {fth {cfs) (o
South Reach | 2512 100 yr Existing 23.95! 20,90 360,65 23.58| 4070.00 22.91 200,90 2,85
South Reach| 2512 100 yr Proposed 21.73 21.90 439.45 4070.00 23.91 0.67
South Reach | 1350 100 yr Existing 17.87 18,20 431.35 4070,00 2191 0.50
South Reach | 1350 100 yr Propozed 17.87 18.20 431.35 4070.00 21.91 0.50
South Reach [ 1218.5 100 yr Existing 17.14 17.10 421.87 4070.00 20.01 0.25
South Reach | 1218.5 100 yr Proposed 17.14 17.10 421.87 4070,00 20.01 0.25
South Reach | 979 100 yr Existing 16.37 16.70 367,20 4070.00 19.71 0.75
South Reach | 979 100 yr Proposed 16.37 16.70 367.20 4070.00 19.71 0.75

IUpstream energy grade elevation at bridae or culvert (specific to that opening, not necessarily the weighted average).
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Figure 7-11: Bridge Only Table for both Existing and Proposed Plans

As for the standard table, the river reach and river stations are shown in the
first two columns and the Short IDs are used to identify the plans in the third
column. This table shows that for the bridge at river station 2512, weir flow
occurred for the 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.

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.
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Figure 7-12: X-Y-Z Perspective Plot of a Portion of Napa Creek for Both Existing and Proposed

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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CHAPTER 8

Looped Network

Purpose

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

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

To review the data files for this example, from the main HEC-RAS window,
select File and then Open Project. Go to the directory in which you have
installed the HEC-RAS example data sets. From the “Applications
Guide\Chapter 8 — Looped Network” subdirectory, 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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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.

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.”
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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
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
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.
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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 [

File Options Help

Enter/Edit Number of Profiles (32000 max): |B Reach Boundary Conditions ... | |

Locations of Flow Data Changes

River: |Elear Run j Add Multiple. ..

Reach: |Elear Run j River Sta.: | 1470 ﬂ Add A Flow Change Location |
Profile Mames and Flow Rates
River Reach RS 10 yr | 50 yr | 100 yr
1|Bear Run Bear Run 1470 130 350 440
2| 5pruce Creek Upper Spruce 2500 300 a0a 1000
3| Spruce Creek Middle Spruce 1960 170 450 560
4| 5pruce Creek Lower Spruce 465 300 200 1000

Edit Steady flow data for the profiles (cfs)

Figure 8-3: Steady Flow Data Editor — Looped Plan — 1st Flow Distribution

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.
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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.”

seonron e T

¥ sat boundary for all profiles ™ setboundary for one profile at a time

Available External Boundary Condtion Types

Known W.5. | Critical Depth | Mormal Depth | Rating Curve I

River

Profile Upstream Downstream

Bear Run

Bear Run Junction=Tusseyvile Junction=Coburn

Spruce Creek |Ipper Spruce Junction=Tusseyville

Spruce Creek Middle Spruce Junction=Tusseyvile Junction=Coburn

Spruce Creek Lower Spruce Junction=Coburn Mormal Depth S = 0,0004

Steady Flow Reach-Storage Area Optimization ...

Enter to accept data changes.

Figure 8-4: Steady Flow Boundary Conditions for Looped Network

Steady Flow Analysis

After the geometric and flow data were entered, the files were then saved as
a plan. This was performed by selecting Run and then Steady Flow
Analysis from the main program window. This activated the Steady Flow
Analysis Window as 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.
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Figure 8-5: Steady Flow Analysis Window

(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
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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 Junction Table
was reviewed and a portion of the table is shown in Figure 8.6. This table
was activated from the main program window by selecting View, Profile
Summary Table, Std. Tables, and then JunctionTable 1.

The rows in the table in Figure 8.6 are divided into groups of three, one row
for each of the three profiles. The first column of the table displays the river
reach, the second column displays the river station, and the third column lists
the water surface elevation for the particular river station. As can be seen in
Figure 8.6, for the river reach of Middle Spruce at the river station 1960 (the
upstream station), the flow rates were 170, 450, and 560 cfs, and the energy
gradeline elevations were 23.37, 25.19, and 25.67 feet for the three flow
profiles. The energy gradeline elevations for the upstream river station of
Bear Run (river station 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
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for Middle Spruce and Bear Run were redistributed and a subsequent analysis
was performed. This is discussed in the next section.

Profile Output Table - Junctions C=REEn X

File Options 5td. Tables User Tables Locations Help

HEC-RAS Plan: Loo Reload Data I

Reach River 5ta Profile W.5. Elev |E.G. Elev | Q Total
(1) () (cfs)

Upper Spruce | 2040 10 yr 23,400 2344 300.00
Upper Spruce | 2040 50 yr 25.17 25,27 800,00
Upper Spruce | 2040 100 yr 25.62 25,75 1000.00
Junction: Tusseyville

Middle Spruce | 1960 10 yr 23,28 23.37 170,00
Middle Spruce | 1960 50 yr 25.02 25,19 430,00
Middle Spruce | 1960 100 yr 253,50 25.67 520,00
Bear Fun 1470 10 yr 23.03 23,10 130,00
Bear Fun 1470 50 yr 24.84 24,96 330,00
Eear Run 1470 100 yr 253,38 253.52| 440.00

Falmlated water surface from energy equation,

Figure 8-6: Junction Table for First Estimate of Flow Distribution

Steady Flow Analysis with New Flow Distribution

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.

Table 8-1: Final Flow Distribution for Looped Plan

8-7
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Reach River Profile Flow Energy
Station Rate Gradeline
(cfs) Elevation (ft)
Upper Spruce 2040 1 300 23.29
Middle Spruce 1960 1 154 23.25
Bear Run 1470 1 146 23.24
Upper Spruce 2040 2 800 25.15
Middle Spruce 1960 2 420 25.08
Bear Run 1470 2 380 25.08
Upper Spruce 2040 3 1000 25.67
Middle Spruce 1960 3 535 25.60
Bear Run 1470 3 465 25.60

Analysis of Results for Final Flow Distribution

Summary

8-8

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
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.
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Example 9 Mixed Flow Analysis

CHAPTER 9

Mixed Flow Analysis

Purpose

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

The discussion of this example will focus on the analysis 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 HEC-RAS window,
select File and then Open Project. Go to the directory in which you have
installed the HEC-RAS example data sets. From the “Applications
Guide\Chapter 9 — Mixed Flow Analysis” subdirectory, 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.

9-1
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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 the bridge is 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.

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
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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 Tools, XS Interpolation, and then Within a Reach.
This activated the XS Interpolation by Reach Window as shown in Figure
9.2.

X5 Interpolation by Reach‘ i
e

River: |F‘utah Creek ﬂ
Reach: |F‘utah Creek ﬂ
Upstream Riv Sta: |12 |
Downstream Riv Sta: | 1 ﬂ

Maximum Distance between ¥S's: 50|

Cut Line GIS Coordinates

{* Linearly interpolate cut lines from bounding X5's @
(only available when bounding ¥5's are Georeferenced)

{~ Generate for display as perpendicular segments to reach invert
(will be repositioned as cross section data is changed)

Decimal places in interpolated Sta/Elev: 0.00 -

Delete Interpolated XS's Interpolate ¥5's |

Close |

Enter max distance between interp X5s.

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.

9-3
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Edit Downstream Reach Lengt

rRiver: [ENeec J J J R v Edit Interpolated X5's I
Reach: |F‘u13h Creek J
Selected Area Edit Options
Add Constant ... | Multiply Factor ... | Set Values ... | Replace ... |
River Station LOB | Channel | ROB -
112 47.5 50 [=1]
l 2(11.5* 47.5 50 [=1]
311 02.5 50 45
i [4]10.5% 62.5 50 45
5(10 47.5 50 51.5
o(9.5% 47.5 50 51.5
79 o0.5 50 50
a(8.5* o0.5 50 50
I a8 110 110 110
w7 Bridge
I 116 52.5 50 47.5 |

Ok

Cancel Help

Figure 9-3 Reach Lengths Table for Putah Creek

Bridge Data

9-4

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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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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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.)
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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.

9-7
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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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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 Run 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.

9-9
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Figure 9-9: Steady Flow Analysis Window

Review of Output for Energy Analysis
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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 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
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program then continued in the downstream direction with a supercritical flow
profile.
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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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Putah Creek| 10 100 yr 3200.00 1275.50) 1281.43| 1282.11 1284.35 0.010073 13.70 233.51 65.76
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4 »

Total flow in cross section.

9-12

Figure 9-11: Standard Table 1 Profile Table for Energy Method Analysis

To view the calculated values of the water surface elevations, critical depth,
and energy gradeline, the Standard Table 1 profile table was activated from
the main program window by selecting View, Profile Summary Tables, and
then Std. Table 1. This table is shown as Figure 9.11 and shows a water
surface elevation of 1280.84 and a critical water surface elevation of 1281.58
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 1282.19 is greater than the critical water surface of
1281.03 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.

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.
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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
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
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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
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 Summary Table, Std.
Tables, and then Bridge Comparison. This will activate the Bridge
Comparison Profile Table as shown in Figure 9.14.
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Profile Qutput Table - Eridge C rison

File Options 5td. Tables User Tables Locations Help

HEC-RAS Plan: Energy River: Putah Creek Reach: Putah Creek  Profile: 100 Reload Data
Reach River Sta |Profile E.G. US. |W.5. US, |Br Sel Method | Energy EG | Mamen. EG | Yarnell EG | WSPRO EG| Prs O EG | Prs/Wr EG|Energy/\Wr EG
{ft) {ft) (ft) {ft) (ft) (ft) (ft) (ft) (ft)
Putah Creek|7 100 yr 1283.00; 1282.10 Momentum | 1233.07 1283.00

F Upstream energy grade elevation at bridge or culvert (specific to that opening, not necessarily the weighted average).

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, 1283.00 ft. The fourth column displays the water
surface elevation (1282.21 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 1283.00 for the upstream energy
gradeline, and was selected as the final bridge solution. The reason the
momentum method was selected, instead of the highest upstream energy
answer, is that the bridge is in a class B flow regime (passing from subcritical,
through critical, and going supercritical) inside of the bridge. For this type of
flow regime, HEC-RAS uses the Momentum equation as the best answer, due
to the rapidly varying flow (i.e. the energy method does not perform as well
in rapidly varying flow regimes — where flow passes through critical depth,
and may go through a hydraulic jump). The only time the momentum
method is not used for Class B low flow is if it fails to converge on an answer,
then the energy method will be used..

Cross Section Table - Bridge

As an additional review of the output for the bridge, the cross section table
was activated from the main program window by selecting View, Cross
Section Table, Type, and then Bridge. This displayed the Bridge Cross
Section Table as shown in Figure 9.15. For this example, there was only
one bridge located on 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.

9-15



Example 9 Mixed Flow Analysis

Eile Type Options Help
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l () Bridge (cfs) 3200.00 | CritW.5. (ft) 1280.81 1279.71
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Weir Sta Rat (ft) Flow Area (sq ft) 274.96 225.59
Weir Submerg Froude # Chl 1.00 1.30
Weir Max Depth (ft) Spedf Force (cu ft) 1855.86 1902.33
Min El Weir Flow (ft) 1285.01 | Hydr Depth (ft) 4,24 3.68
Min El Prs (ff) 1282,00 | W.P. Total (f) 79,00 73.24
Delta EG (ft) 1.00 | Conv. Total (cfs) 37534.8 78386.5
Delta WS (ft) 4,30 | Top Width (ft) 64,89 61.35
BR. Open Area (=q ft) 357.78 | Frcin Loss (ft)
BR. Open Vel (ft/s) 14.18 | C & F Loss (ft)

CoefofQ Shear Total (b/sq ft) 1.58 2.4
Br Sel Method Momentum | Power Total (bjfts) 13,38 34.67
Warning: The bridge momentum weight force is very large. It may be advisable to turn the weight flag off. -

Mote: The momentum method has computed a dass B profile.
Mote: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
Warning: The velodty head has changed by more than 0.5 ft (0.15m). This may indicate the need for additional cross

sections.
Mote: The enernv methiod has comnuted a dass B nrofile. ﬂ
Selected bridge method.

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 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
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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 Modeling Approach
Editor is shown as Figure 9.16.

Bridge Modeling Approach Editor

Add | Copy | Delete | Bridge # 1 A ﬂﬂ

Low Flow Methods

Use Compute
" |v Energy {(Standard Step)
v Momentum Coef Drag Cd W@
" | varnell (Class & only)  Pier Shape K l—@
[T WSPRO Method (Class A only)  WSPRO Variables |

0

Highest Energy Answer

High Flow Methods
" Energy Only (Standard Step)

{* Pressure and/or Weir
Submerged Inlet Cd (Blank for table)
N Submerged Inlet + Qutlet Cd 0.8
Max Low Chord (Blank for default)
K Cancel | Help |

Select set of bridge coeffidents to Edit

L =

Figure 9-16: Bridge Modeling Approach Editor for Pressure/Weir Flow Analysis

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.
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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.

H  Steady Flow Analysis @_Iéj
File Options Help
Plan : Putah Creek Bridge - Press/Weir ShortID  |Press/Weir
Geometry File : |Ease Geometry Data - Press/\Weir j
Steady Flow File : | 100 Year Discharge ﬂ
Plan Description :
Flow Regime J I
" Subcritical —1
(" Supercritical
* Mixed
Optional Programs |
I | | Floodplain Mapping
Compute

Enter/Edit short identifier for plan {uzed in plan comparizons)

Figure 9-17: Steady Flow Analysis Window for Pressure/Weir Analysis

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
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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
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File Options
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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.
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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
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9-20

b/B =0.50
S=50

n,, /N, =0.035/0.025=1.4

Ly =45
where: Db = bridge opening width, ft
B = floodplain width, ft
S = bed slope, ft/mi
Nob = Manning’s n value of the overbank
Nne = Manning’s n value of the main channel
Lobs = average length of obstruction, ft

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 (Le) of:

Le = (ER)L,,, )= (1.1)(45) =50 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 (Lc) 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 as a general guide, 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 Summary
Table, Std. Tables, and then Bridge Comparison. This table is shown in Figure
9.19.
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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 1282.22 feet. The momentum method produced an answer of
1282.99 feet. Therefore, the program used the value of 1282.99 as the
answer for the low flow analysis (this is not necessarily the final answer as is
discussed subsequently).

Profile Output Table - Bridge Comparison LEIL I

File Options 5td. Tables User Tables Locations Help
HEC-RAS FPlan: Press/Weir River: Putah Creek Reach: Putah Creek  Profile: 100 Reload Data
| | Reach River Sta |Profile E.G. US. | W.5. US. |Br 5el Method | Energy EG|Momen. EG | Yarnell EG | WSPRO EG | Prs O EG | Prs/Wr EG | Energy/Mir EG
(ft) {ft) (ft) (8 (ft) (ft) (ft) (ft) (ft)

Putah Creek|7

100 yr 1284.80; 128439 PressOnly 1283.07  1283.00 1284.80

l Upstream energy grade elevation at bridge or culvert (specdific to that opening, not necessarily the weighted average].

Figure 9-19: Bridge Comparison Table for Pressure/Weir Flow 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 Detailed Output Table

As a final table for the review of the pressure/weir flow, the user can select
the Bridge Detailed Output Table. This is activated from the main program
window by selecting View, Detailed Output Table, Type, and then Bridge.
This will display the table as shown in Figure 9.20.

As discussed previously, the left side of the table shows the energy gradeline
and the water surface for the cross section immediately upstream of the
bridge. (These values are the same as was shown in Figure 9.19.)
Additionally, the left side of the table shows that there was no weir flow
occurring over the bridge decking. The right side of the table displays
information for the two cross sections located inside of the bridge.
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() Bridge (cfs) 3200.00 | CritW.5. (ft) 1280.81 1279.71
Q) Weir (cfs) Max Chl Dpth (ft) 7.80 5.57
Weir 5ta Lft (ft) Vel Total (ft/s) 5.94 13.95
Weir Sta Rat (ft) Flow Area (sq ft) 357.78 229,496
Weir Submerg Froude # Chl 0,70 1.28
Weir Max Depth (ft) Spedf Force (cu ft) 1963.34 1902.33
Min El Weir Flow (ft) 1285.01 | Hydr Depth (ft) 4,57 3.72
Min El Prs (ff) 1282.00 | W.P. Total (f) 95.08 73.76
Delta EG (ft) 3.03 | Conv. Total (cfs) 54852, 1 29063.2
Delta WS (ft) 6.44 | Top Width (ft) 73.29 61.73
BR. Open Area (=q ft) 357.78 | Frcin Loss (ft)

BR. Open Vel (ft/s) 3.94 | C &E Loss (ft)

CoefofQ Shear Total (b/sq ft) 0.30 2.35
Br Sel Method Press Only | Power Total (Ib/fft s) 7.15 32.83
Errors, Warnings and MNotes

Warning: The bridge momentum weight force is very large. It may be advisable to turn the weight flag off.
Mote: The momentum method has computed a dass B profile.
Mote: The downstream water surface is below the minimum elevation for pressure flow. The sluice gate equations were
used for pressure flow.
Mote: Multiple critical depths were found at this location. The critical depth with the lowest, valid, water surface was used.
Select Profile

Figure 9-20: Bridge Detailed Output 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
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.
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Figure 9-21: X-Y-Z Perspective Plot for Pressure/Weir Analysis

Summary

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.

(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.
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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 judgment 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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CHAPTER 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 HEC-RAS window,
select File and then Open Project. Go to the directory in which you have
installed the HEC-RAS example data sets. From the “Applications
Guide\Chapter 10 — Stream Junction” subdirectory, 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



Example 10 Stream Junction

— T ——— Il
% Geometric Data - Base Geometry - Energy Junction E@Iﬂ

Cross

10,185

10177

10,158

Upper Reach 10

€
st
c
o

141

10124

Lower Reach

0.07%

0.082
Spruce Creek

0.047

“-0.029

10,106

10,018

10.035

File Edit Options Yiew Tables Tools GIS Tools Help
Tools FRiver | $torage | 20Flew |savzDfirealsatznfireal zpéirea | 2Dfrea Pump RE Description : Plot W5 extents for Profile:
Reach firea rea Conn B Linez (BreakLines mannn Station @ -
Editorss, —— m .ﬁ m Fiegions 1254 | - Jl(none) ﬂ
Junct. 10212 0.094 E
@

10-2

Figure 10-1: River System Schematic

1.2358, 0.4289

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 an 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

Main i
Channel | % i

Limit of
Water Surface

Figure 10-2: C;E");ss Se ticla-ﬂyyeerrent Schematic

-

Finally, a third cri eriRﬁ@Qz@ncerned ith 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 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.
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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.

— = F :
== Cross Section Data - Base GE{]E - Energy Junction ‘ LE

Exit Edit Options Plot Help |
River: - ‘ﬁ + g Plot Options &Eh| ™ KeepPrevXSPlots  Clear Prev | |
Reach: |Spruce Creek j River 513,:'[],[]94 j ﬂﬂ Soeam Junction - Examgie 10 PAT Junction - Enemgy  12HEVEI4
Description  |Upstream River Station - River Mile 0.094 =l Upstream River Station - River Mile 0.094
= c c
Del Row Ins Row | Downstream Reach Lengths 85 |‘_ 035 028 038 )| T 5
- egen
|_L0B | Chamnel | ROEB .
Station | Elevation | = |75 80 190 Ground
127 B82.65 E—— - o 201 *
_— - 12 Bank Sta
_2[3L7 79.25 | LoB | Channel | ROBE
_3[35.5 78.65 |0.035 |0.025 |0.035 £ 75
4|43.2 75.95 'E’ =
cl43.9 73.05 Main Channel Bank L-:ticns %
545,32 §9.35 | LeftBank | RightBank z .
7|46.8 66.65 43.2 l66.2 u
8(51.6 54,25 ?
_9(55.4 63.8 | Contraction | Expansion 65
10(59.3 53.05 ||:|.1 ||3.3
11160.8 71,15
12]63.1 73.35 | &0 , , , , , ,
20 30 40 50 &0 70 20
Station (ft)

Select river for cross section editing

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
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 O.

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.
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Junction Data - Base Geometry - Energy Junction '
Junction Name = " ﬂ ﬂ Steady Flow Computation Mode

{* Energy
Description |Di'u'isi|:|n of Upper Reach and Lower Reach at E' " Momentum
[ Add Friction
- [~ Add Weight
From: Spring Creek - Lower Reach Length (ft) Unsteady Flow Computation Mode
To: Spring Creek - Upper Reach 80 {* Force Equal WS Elevations
To: Spruce Creek - Spruce Creek 70 (" Energy Balance Method

Ok | Cancel Help

Select Junction to Edit

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
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 Steady Flow
Computation Mode. The user must select either the energy or the
momentum method for the steady flow 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.

10-5



Example 10 Stream Junction

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.
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=5 Steady Flow Data - 10 Year PmrIiI; - E=RCa0 X

File Options Help

Enter/Edit Mumber of Profiles (32000 max): ||1 Reach Boundary Conditions ... | apply Data |
Locations of ata Changes

River: ISpru::e Creek ;I Add Multiple... |

Reach: ISpru::e Creek ;I River Sta.:|0.094 LI Add A Flow Change Location |

Flow Change Location Profile Mames and Flow Rates
River Reach RS 10 yr
1| Spring Creek Upper Reach 10,212 | 3000

Spring Creek Lower Reach
Spruce Creek Spruce Creek

lEdit Steady flow data for the profiles (cfs)

Figure 10-5: Steady Flow Data Editor

¥ sat boundary for all profiles ™ setboundary for one profile at a time

Available External Boundary Condtion Types

Known W.5. | Critical Depth | Mormal Depth | Rating Curve | Delete |

ted Boundary Condition Locations and Types

River Reach Profile Upstream Downstream
Spring Creek LIpper Reach all
Spring Creek Lower Reach Junction=Pottsville Mormal Depth S = 0,001
Spruce Creek Spruce Creek all Junction=Pottsville

Steady Flow Reach-Storage Area Optimization ...

Enter to accept data changes.

Figure 10-6: Boundary Conditions Data Editor

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
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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)

After the flow data were entered, the steady flow data file and the geometry
file were saved as a plan. This was performed by first selecting Run and then
Steady Flow Analysis from the main program window. This activated the
Steady Flow Analysis Window as shown in Figure 10.7.

File Options Help

Flan : [unction - Energy ShortID  |=nergy

Geometry File : |Ease Geometry - Energy Junction

Steady Flow File |1D Year Profile

Plan Description

Flow Reqgime

{* Suberitical

(" Supercritical

" Mixed

Optional Programs

[ Floodplzin Mapping

Compute

Enter /Edit short identifier for plan {used in plan comparisons)

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
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
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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.
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Elevation (ft)

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.

SreamJunction- Exanpe10 Judion- Bhergy  62/1998
Geom Base Geonelry - Energy Jurction  How: 10 Year Prdfile
5| |l

78,)<—LDV\HFEad1 > 1< Upper Reach —
Legerd
s BS 10yr
7 o Wy
Qit 10yr
727 Rt - T ) Ground
b —- - =+ e - =+ +
-
&
&
M*M—/'
o s e L T e e e L S e o I e e T e e s e

20 400 600 800
Figure 10-8: Water Surface Profiledfaedbasigy=i@nction

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 Summary Table. Then select Std. Tables and then
Standard Table 2. This will result in the display as shown in Figure 10.9.
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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 = 76.03 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.

- o 8

Eile Options 5td. Tables User Tables Locations Help |

HEC-RAS Plan: Energy  Profile: 10 Reload Data

River Reach River 5ta |Profile E.G. Elev [W.5. Elev | Vel Head |Frctn Loss|C &E Loss| QLeft |Q Channel| Q Right
/| f (ft) () {ft) (cfs) (cfs) (cfs)

Spruce Creek | Spruce Creek|0.094 10 yr 76,51 75.90 0.61 0.10 0.01 1099.97 0.03
Spruce Creek | Spruce Creek|0.079 10 yr 76.40 75.81 0.58 0.11 0.01 0.00, 1099.96 0.04
Spruce Creek | Spruce Creek|0.062 10 yr 75,29 75.72 0.57 0.09 0.01 0.01| 1099.94 0.05
Spruce Creek | Spruce Creek|0.047 10 yr 75,19 759,83 0.55 0,11 0.01 0.03| 1099,91 0.08
Spruce Creek | Spruce Creek|0.029 10 yr 76,03 75.54 0.54 0.09 0.01 0.07| 1099.86 0.07
Spruce Creek | Spruce Creek|0.013 10 yr 75,98 75,496 0.52 0.07 0.03 0.14| 1099.73 0.08
Spring Creek |Upper Reach | 10,212 |10 yr 76.89 75.78 1.10 0.14 0.00 3000, 00

Spring Creek |Upper Reach | 10,1585 10 yr 76.74 75.65 1.09 0.14 0.00 3000, 00

Spring Creek |Upper Reach | 10,177 |10 yr 76.60 75.51 1.08 0.14 0.00 3000.00

Spring Creek |Upper Reach | 10.158 10 yr 76.45 75.38 1.08 0.14 0.00 3000.00

Spring Creek |Upper Reach | 10,141 10 yr 76.31 75.25 1.06 0.13 0.00 3000,00

Spring Creek |Upper Reach | 10,124 10 yr 75,18 75,12 1.08 0.14 0.00 3000,00

Spring Creek |Upper Reach | 10,106 10 yr 75,03 74,99 1.05 0.09 0.0