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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 River Anlaysis System (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-RAS \"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-RAS 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.)

Cover sketch adapted from: Flood Plain Management Program, Handbook for Public Officials, State of California, Department of
Water Resources, August 1986
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Foreword

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 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, Alex J.
Kennedy, and Ben Chacon (Resource Management Consultants, RMA).

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. Special
thanks to Mr. Will Breikreutz for his assistance in developing the RAS
Tile server.

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.

Xi



Foreword

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.

This manual was written by Mr. Gary W. Brunner. Chapter 13 was
written by Cameron T. Ackerman and Gary W. Brunner. Chapter 15
was written by Mr. Chris R. Goodell. Chapters 17 and 18 were written
by Mr. Stanford Gibson. Chapter 19 was written by Dr. Cindy Lowney.
Chapter 20 was written by Cameron T. Ackerman.

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/HDFE5/

2. Geospatial Data Abstraction Library (GDAL) — HEC-RAS uses the
GDAL libraries in the HEC-RAS Mapper tool. These libraries are used
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.sglite.org/

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

7. Clipper — an open source freeware library for clipping and offsetting
lines and polygons. http://www.angusj.com/delphi/clipper.php
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CHAPTER 1

Introduction

Welcome to the U.S. Army Corps of Engineers River Analysis System
(HEC-RAS) developed by the Hydrologic Engineering Center. This
software allows you to perform one-dimensional steady flow, one and
two-dimensional unsteady flow calculations, sediment transport/mobile
bed computations, and water temperature/water quality modeling.

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 (HEC-HMS); river hydraulics (HEC-RAS); reservoir system
simulation (HEC-ResSim); flood damage analysis (HEC-FDA and HEC-
FIA); and real-time river forecasting for reservoir operations (CWMS).

This chapter discusses the general philosophy of HEC-RAS and gives a
brief overview of the capabilities of the modeling system.
Documentation for HEC-RAS is discussed, as well as an overview of
this manual.

Contents

e General Philosophy of the Modeling System
e Overview of Program Capabilities

e HEC-RAS Documentation

e Overview of This Manual
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General Philosophy of the Modeling System

HEC-RAS is an integrated system of software, designed for interactive
use in a multi-tasking environment. The system is comprised of a
graphical user interface (GUI), separate analysis components, data
storage and management capabilities, graphics and reporting facilities.

The HEC-RAS system contains the following river analysis components
for: (1) steady flow water surface profile computations; (2) one-
dimensional and/or two-dimensional unsteady flow simulation; (3)
Quasi unsteady or fully unsteady flow movable boundary sediment
transport computations; and (4) water quality analysis. A key element
is that all four components use a common geometric data
representation and common geometric and hydraulic computation
routines. In addition to the four river analysis components, the
system contains several hydraulic design features that can be invoked
once the water surface profiles are computed.

Overview of Program Capabilities

HEC-RAS is designed to perform one-dimensional and two-dimensional
hydraulic calculations for a full network of natural and constructed
channels, overbank/floodplain areas, levee protected areas; etc... The
following is a description of the major capabilities of HEC-RAS.

User Interface

The user interacts with HEC-RAS through a graphical user interface
(GUI). The main focus in the design of the interface was to make it
easy to use the software, while still maintaining a high level of
efficiency for the user. The interface provides for the following
functions:

e File management

e Data entry/editing and GIS data interfaces

e River analyses

e Tabulation and graphical displays of input and output data
e Inundation mapping and animations of water propagation
e Reporting facilities

e On-line help

River Analysis Components

Steady Flow Water Surface Profiles. This component of the modeling
system is intended for calculating water surface profiles for steady
gradually varied flow. The system can handle a full network of
channels, a dendritic system, or a single river reach. The steady flow
component is capable of modeling subcritical, supercritical, and mixed
flow regime water surface profiles.
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The basic computational procedure is based on the solution of the one-
dimensional energy equation. Energy losses are evaluated by friction
(Manning's equation) and contraction/expansion (coefficient multiplied
by the change in velocity head). The momentum equation is utilized in
situations where the water surface profile is rapidly varied. These
situations include mixed flow regime calculations (i.e., hydraulic
jumps), hydraulics of bridges, and evaluating profiles at river
confluences (stream junctions).

The effects of various obstructions such as bridges, culverts, dams,
weirs, and other structures in the flood plain may be considered in the
computations. The steady flow system is designed for application in
flood plain management and flood insurance studies to evaluate
floodway encroachments. Also, capabilities are available for assessing
the change in water surface profiles due to channel maodifications, and
levees.

Special features of the steady flow component include: multiple plan
analyses; multiple profile computations; multiple bridge and/or culvert
opening analysis; bridge scour analysis; split flow optimization; and
stable channel design and analysis.

Unsteady Flow Simulation. This component of the HEC-RAS modeling
system is capable of simulating one-dimensional; two-dimensional;
and combined one/two-dimensional unsteady flow through a full
network of open channels, floodplains, and alluvial fans. The unsteady
flow component can be used to performed subcritical, supercritical,
and mixed flow regime (subcritical, supercritical, hydraulic jumps, and
draw downs) calculations in the unsteady flow computations module.

The hydraulic calculations for cross-sections, bridges, culverts, and
other hydraulic structures that were developed for the steady flow
component were incorporated into the unsteady flow module.

Special features of the unsteady flow component include: extensive
hydraulic structure capabilities Dam break analysis; levee breaching
and overtopping; Pumping stations; navigation dam operations;
pressurized pipe systems; automated calibration features; User
defined rules; and combined one and two-dimensional unsteady flow
modeling.

Sediment Transport/Movable Boundary Computations. This
component of the modeling system is intended for the simulation of
one-dimensional sediment transport/movable boundary calculations
resulting from scour and deposition over moderate to long time
periods.

The sediment transport potential is computed by grain size fraction,
thereby allowing the simulation of hydraulic sorting and armoring.
Major features include the ability to model a full network of streams,
channel dredging, various levee and encroachment alternatives, and
the use of several different equations for the computation of sediment
transport.
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The model is designed to simulate long-term trends of scour and
deposition in a stream channel that might result from modifying the
frequency and duration of the water discharge and stage, or modifying
the channel geometry. This system can be used to evaluate deposition
in reservoirs, design channel contractions required to maintain
navigation depths, predict the influence of dredging on the rate of
deposition, estimate maximum possible scour during large flood
events, and evaluate sedimentation in fixed channels.

Water Quality Analysis. This component of the modeling system is
intended to allow the user to perform riverine water quality analyses.
The current version of HEC-RAS can perform detailed temperature
analysis and transport of a limited number of water quality
constituents (Algae, Dissolved Oxygen, Carbonaceuos Biological
Oxygen Demand, Dissolved Orthophosphate, Dissolved Organic
Phosphorus, Dissolved Ammonium Nitrate, Dissolved Nitrite Nitrogen,
Dissolved Nitrate Nitrogen, and Dissolved Organic Nitrogen). Future
versions of the software will include the ability to perform the
transport of several additional water quality constituents.

Data Storage and Management

Data storage is accomplished through the use of "flat" files (ASCII and
binary), the HEC-DSS (Data Storage System), and HDF5 (Hierarchical

Data Format, version 5). User input data are stored in flat files under

separate categories of project, plan, geometry, steady flow, unsteady

flow, quasi-steady flow, sediment data, and water quality information.

Output data is predominantly stored in separate binary files (HEC and

HDF5). Data can be transferred between HEC-RAS and other programs
by utilizing the HEC-DSS.

Data management is accomplished through the user interface. The
modeler is requested to enter a single filename for the project being
developed. Once the project filename is entered, all other files are
automatically created and named by the interface as needed. The
interface provides for renaming, moving, and deletion of files on a
project-by-project basis.

Graphics and Reporting

Graphics include X-Y plots of the river system schematic, cross-
sections, profiles, rating curves, hydrographs, and inundation
mapping. A three-dimensional plot of multiple cross-sections is also
provided. Inundation mapping is accomplished in the HEC-RAS
Mapper portion of the software. Inundation maps can also be
animated, and contain multiple background layers (terrain, aerial
photography, etc...). Tabular output is available. Users can select
from pre-defined tables or develop their own customized tables. All
graphical and tabular output can be displayed on the screen, sent
directly to a printer (or plotter), or passed through the Windows
Clipboard to other software, such as a word-processor or spreadsheet.
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Reporting facilities allow for printed output of input data as well as
output data. Reports can be customized as to the amount and type of
information desired.
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HEC-RAS Documentation

The HEC-RAS package includes several documents. Each document is
designed to help the modeler learn to use a particular aspect of the
modeling system. There are three major pieces of documentation:

Documentation Description

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

User’'s Manual started, a simple example, entering and editing
geometric data, detailed descriptions of each of the
major modeling components, and how to view
graphical and tabular output.

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.

Hydraulic Reference Manual Discussions are provided on how to estimate model
parameters, as well as guidelines on various
modeling approaches.

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

Applications Guide

In addition to the documents described above, two new documents
have been developed for the Version 5.0 release. These are:

2D Modeling Users Manual — This document describes how to use
the 2D modeling capabilities that are included in this version of the
software. It also describes how to use RAS Mapper in support of 2D
modeling and inundation mapping for models containing 2D flow
areas.

USDA-ARS Bank Stability and Toe Erosion Model (BSTEM) in
HEC-RAS, User and Technical Reference Manual — This document
describes how to utilize the new bank stability and toe erosion
capabilities in this version of the software.
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Overview of This Manual

This user's manual is the primary piece of documentation on how to
use the HEC-RAS system. The manual is organized as follows:

Chapters 1-2 provide an introduction and overview of HEC-RAS, as
well as instructions on how to install the software.

Chapters 3-5 describe how to use the HEC-RAS software in a step-
by-step procedure, including a sample problem that the user can
follow along with. Understanding how this system works with
projects is also discussed.

Chapters 6-8 explain in detail how to enter and edit data, and how
to perform the different types of hydraulic analyses that are
available.

Chapter 9 provides detailed discussions on how to view graphical
and tabular output, as well as how to develop user-defined tables.

Chapter 10 describes how to perform a floodway encroachment
analysis.

Chapter 11 provides discussions on "Trouble Shooting" and
understanding the most common Errors, Warnings, and Notes.

Chapter 12 describes how to perform bridge scour computations
from within HEC-RAS.

Chapter 13 describes how to perform channel modifications within
HEC-RAS.

Chapter 14 explains how to utilize GIS/CADD data in HEC-RAS, as
well as how to export HEC-RAS results back to the GIS/CADD
system.

Chapter 15 describes how to use the Hydraulic Design Functions in
HEC-RAS for performing stable channel design and analysis, as well
as sediment transport potential calculations, and rip rap sizing.

Chapter 16 contains topics on advanced uses of the unsteady flow
simulation capabilities, including: mixed flow regime for unsteady
flow; dam break analysis; levee overtopping and breaching;
modeling pump stations; navigation dams; and user defined rules
for controlling gate operations.

Chapter 17 contains topics on performing a sediment
transport/movable boundary analysis with HEC-RAS.

Chapter 18 discusses sediment impact analysis methods using
SIAM. SIAM is a sediment budget model that can be used to look
at sediment trends due to changes in flow regime and sediment
boundary conditions.

Chapter 19 describes how to use HEC-RAS to perform a water
quality analysis within a river system.

Chapter 20 describes how to use HEC-RAS Mapper in order to
develop a terrain model to use with HEC-RAS, and how to perform
inundation mapping of HEC-RAS results

Appendix A contains a list of references.

Appendix B contains a detailed description of the file formats used
for importing and exporting GIS data to and from HEC-RAS.
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e Appendix C contains a description of all the output variables
available from the HEC-RAS program.
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CHAPTER 2

Installing HEC-RAS

You install HEC-RAS using the program HEC-RAS Version_Setup.exe.
The Setup program installs the software, user’s manuals, sample
applications, and the Help system.

This chapter discusses the hardware and system requirements needed
to use HEC-RAS, how to install the software, and how to uninstall the
software.

Contents

e Hardware and Software Requirements
e Installation Procedure

e Uninstall Procedure

Important

You cannot simply copy files from the HEC and run HEC-RAS. You
must use the Setup program, which decompresses and installs the files
to the appropriate directories, as well as registers certain files (dll's,
etc...) with the operating system.
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Hardware and Software Requirements

Before you install the HEC-RAS software, make sure that your
computer has at least the minimum required hardware and software.
In order to get the maximum performance from the HEC-RAS
software, recommended hardware and software is shown in
parentheses. This version of HEC-RAS will run on a microcomputer
that has the following:

Intel Based PC or compatible machine with Pentium processor or
higher (an Intel 13 or higher is recommended. If you are going to
perform 2D modeling, then a machine with multiple cores is
recommended).

A hard disk with at least 1 Gigabyte of free space (10 Gigabytes or
more is recommended).

A minimum of 2 Gigabyte of RAM if using XP, Vista, Windows 7, or
Windows 8 (4 Gigabytes or more is recommended).

A mouse, touch pad, or touch screen.

Color Video Display (Recommend running in Super VGA
(1024x768) or higher, and as large a monitor(s) as possible).

MS Windows XP, Vista, Windows 7 or Windows 8.

Installation Procedure

Installation of the HEC-RAS software is accomplished through the use
of the Setup program.

To install the software onto your hard disk do the following:

1.

3.

Download the setup program from our web page:
www.hec.usace.army.mil.

Place the setup program in a temporary directory and execute it
from there.

Follow the setup instructions on the screen.

The setup program automatically creates a program group called HEC.
This program group will be listed under the Programs menu, which is
under the Start menu. The HEC-RAS program icon will be contained
within the HEC program group. The user can create a shortcut icon
during the install process or by dragging a copy of the HEC-RAS icon
onto the desktop from the Windows Start menu. The HEC-RAS
executable can be found in the c:\Program Files\HEC\HEC-RAS
directory with the name "RAS.EXE".
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Uninstall Procedure

The HEC-RAS Setup program automatically registers the software with
the Windows operating system. To uninstall the software, do the

following:
e From the Start Menu navigate to where you can run the Control
Panel.

e From within the Control Panel folder, select Programs.

e From the section labeled as Uninstall a Program select the HEC-
RAS program from the list of installed software, and then press the
Uninstall button.

e Follow the uninstall directions on the screen and the software will
be removed from your hard disk. It is up to the user to remove
the HEC-RAS icon from the desktop.
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CHAPTER 3

Working With HEC-RAS - An Overview

HEC-RAS is an integrated package of hydraulic analysis programs, in
which the user interacts with the system through the use of a
Graphical User Interface (GUI). The system is capable of performing
Steady Flow water surface profile calculations, One and Two-
dimensional unsteady flow computations, Sediment Transport/movable
boundary computations, water quality analysis and several hydraulic
design computations.

In HEC-RAS terminology, a Project is a set of data files associated
with a particular river system. The modeler can perform any or all of
the various types of analyses, included in the HEC-RAS package, as
part of the project. The data files for a project are categorized as
follows: plan data, geometric data, steady flow data, unsteady flow
data, quasi-steady flow data, sediment data, water quality data, and
hydraulic design data.

During the course of a study the modeler may want to formulate
several different Plans. Each plan represents a specific set of
geometric data and flow data (and possibly sediment data, water
quality data, and hydraulic design information). Once the basic data
are entered into the HEC-RAS, the modeler can easily formulate new
plans. After simulations are made for the various plans, the results
can be compared simultaneously in both tabular and graphical form.

This chapter provides an overview of how a hydraulic analysis study is
performed with the HEC-RAS software. Special topics on how to
import HEC-2 data, reproducing HEC-2 results, and how to use on-line
help are also covered.

Contents

e Starting HEC-RAS

e Steps in Developing a Hydraulic Model With HEC-RAS
e Importing HEC-2 Data

e Reproducing HEC-2 Results

e Getting and Using Help
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Starting HEC-RAS

When you run the HEC-RAS Setup program, you automatically get a
new program group called HEC and program icon called HEC-RAS.
They should appear in the start menu under the section called
Programs. The user also has the option of creating a shortcut on the
desktop. If a shortcut is created, the icon for HEC-RAS will look like
the following:

R &5

[

HEC-RAS 5.0
Figure 3-1 the HEC-RAS Icon in Windows

To Start HEC-RAS from Windows:

e Double-click on the HEC-RAS Icon. If you do not have an HEC-RAS
shortcut on the desktop, go to the Start menu and select All
Programs, then select HEC, and then HEC-RAS.

When you first start HEC-RAS, you will see the main window as shown
in Figure 3-2 (Except you will not have any project files listed on your
main window).

File Edit Bun VYiew Options GISTools Help
AL A e R e IR A P R o e It o e 2 L ] e Tall

Project: Munde 20 Flow Area d:\HEC Data\HEC-RAS\2D-Modeling \Temp\RAS_50 Test DataMundieMuncie.pri
Plan: Dnsteady Run with 2D 50ft Grid H:"HEC Data\HEC-RAS\2D-Modeling \TempRAS_50 Test DataMunceMunde.p03

Geometry: Mundie Geometry - 2D 50t Grid i \HEC Data\HEC-RAS\2D-Modeling \Temp\RAS_50 Test DataMunde\Munde,g02

Steady Flow: [ [
Unsteady Flow: Flow Boundary Conditions i:\HEC Data\HEC-RAS\2D-Modeling \Temp‘\RAS_50 Test DataMundieMunde.ud 1

Description : | B J | HEC-RAS 5.0.0 |US Customary Units

Figure 3-2. The HEC-RAS Main Window

At the top of the HEC-RAS main window is a Menu bar (Figure 3-3)
with the following options:

File: This option is used for file management. Options available
under the File menu include: New Project; Open Project; Save Project;
Save Project As; Rename Project: Delete Project; Project Summary;
Import HEC-2 Data; Import HEC-RAS data; Generate Report; Export
GIS Data; Export to HEC-DSS; Restore Backup Data; Debug Report;
and Exit. In addition, the most recently opened projects will be listed
at the bottom of the File menu, which allows the user to quickly open a
project that was recently worked on.

Edit: This option is used for entering and editing data. Data are
categorized into six types: Geometric Data; Steady Flow Data; Quasi-
Unsteady Flow; Unsteady Flow Data; Sediment Data; and Water
Quality Data.
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Run: This option is used to perform the hydraulic calculations. The
options under this menu item include: Steady Flow Analysis; Unsteady
Flow Analysis; Sediment Analysis; Water Quality Analysis; Hydraulic
Design Functions; and Run Multiple Plans.

View: This option contains a set of tools that provide for graphical
and tabular displays of the model output. The View menu item
currently includes: Cross Sections; Water Surface Profiles; General
Profile Plot; Rating Curves; X-Y-Z Perspective Plots; Stage and Flow
Hydrographs; Hydraulic Properties Plots; Detailed Output Tables;
Profile Summary Tables; Summary Err, Warn, Notes; DSS Data;
Unsteady Flow Spatial Plot; Unsteady Flow Time Series Plot; WQ
Spatial Plot; WQ Time Series Plot; Sediment Spatial Plot; Sediment
Time Series Plot, and Sediment XS Changes Plot.

Options: This menu item allows the user to change Program Setup
options; set Default Parameters; establish the Default Units System
(U.S. Customary or Metric); Convert Project Units (U.S. Customary to
Metric, or Metric to U.S. Customary); and Convert Horizontal
Coordinate System (this option allows the user to convert the entire
HEC-RAS project from one horizontal coordinate system to another).

GIS Tools: This menu item allows the user to go to the HEC-RAS
Mapper tool; which can be used to create terrain models for use with
HEC-RAS; display inundation mapping; and perform dynamic
animations of flooding; along with many other mapping layers.

Help: This option allows the user to get on-line help for HEC-RAS;
display the HEC-RAS manuals (User’'s manual, Hydraulic Reference
Manual, Applications Guide, and Release Notes); install example
projects; How to customize the Help menu; go to the HEC-RAS web
page; go to an online guide for selecting Manning’s n values; view the
terms and conditions of use statement; and display the current version
information about HEC-RAS.

Also on the HEC-RAS main window is a Button bar (Figure 3-2). The
button bar provides quick access to the most frequently used options
under the HEC-RAS menu bar. A description of each button is shown
in Figure 3-3.
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Figure 3-3 HEC-RAS Main Window Button Bar
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Steps in Developing a Hydraulic Model with HEC-RAS

There are five main steps in creating a hydraulic model with HEC-RAS:
e Starting a new project

e Entering geometric data

e Entering flow data and boundary conditions

e Performing the hydraulic calculations

e Viewing and printing results

Starting a New Project

The first step in developing a hydraulic model with HEC-RAS is to
establish which directory you wish to work in and to enter a title for
the new project. To start a new project, go to the File menu on the
main HEC-RAS window and select New Project. This will bring up a
New Project window as shown in Figure 3-4.

Title File Mame Selected Folder Default Project Folder | Documents
Bald Eagle Creek Example Dam Break Study |BaIdEagIeDarnBrk.prj C:\...'\Documents\HEC Data'\HEC-RAS\Unsteady Examples
Multiple Reach with Lateral Weir FReach_with_Lat.prj PR =Tl -
Multiple Reach Data Set 3ReachUnsteady.pri Users 3
Bald Eagle Cr. for the WCDS Project BaldEagle.prj E5qohecanb

3 3 BaldEagleDiamB =
Bald Eagle Cr.- Dam Break Run BaldEDmbrk. prj {3Documents =
Bald Eagle Cr. with Lateral Weirs BaldLatWeir.prj R {3HEC Data
Beaver Cr, - with Culverts Beav_Culvert.prj (AHECRAS
Beawver Cr, - Lateral Structure Beav_Lateral.prj
Beawver Cr. - storage areas BEAU_STO__PROBLEM.prj D ContractionExpansionMinorLosses
Beaver Cr. - unsteady flow beaver.prj ([ GroundwaterLeakagefromsA

Beaver Creek - Lateral Culverts Beaver_LS_Culv_SA.prj (23 JunctionHydraulics i

Beaver Creek - Storage Area Connection Beaver_LS5_SAConn.prj = ¥
Ok | Cancel | Help | Create Folder ... | | = ¢; [OSDisk] j

et drive and path, then enter a new project title and file name.

Figure 3-4 New Project Window

As shown in Figure 3-4, you first select the drive and path that they
want to work in (to actually select a path you must double click the
directory you want in the directory box), next enter a project title and
file name. The project filename must have the extension ".prj"; the
user is not allowed to change this. Once you have entered all the
information, press the "OK" button to have the information accepted.
After the OK button is pressed, a message box will appear with the
title of the project and the directory that the project is going to be
placed in. If this information is correct, press the OK button. If the
information is not correct, press the Cancel button and you will be
placed back into the New Project window.

Note: Before any Geometric data and Flow data are entered,
the user should select the Units System (U.S. Customary or
Metric) that they would like to work in. This step is accomplished
by selecting Unit System from the Options menu of the main HEC-
RAS window.
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Entering Geometric Data

The next step is to enter the necessary geometric data, which consist
of a background map layer (Optional), connectivity information for the
stream system (River System Schematic), cross-section data, and
hydraulic structure data (bridges, culverts, weirs, etc.). Geometric
data are entered by selecting Geometric Data from the Edit menu on
the main HEC-RAS window. Once this option is selected, the
geometric data window will appear as show in Figure 3-5 (except yours
will be blank when you first bring this screen up for a new project).

R ———— — M
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Figure 3-5 Geometric Data Window

Before starting to enter geometric data, the user must decide if their
model will be georeferenced or not. If you are going to want to do any
inundation mapping, or mapping of any results spatially, then your
model must be georeferenced. Geometric data can either be entered
directly in HEC-RAS from the Geometric data editor, or it can be
developed in Arc GIS, using HEC-GeoRAS, and then imported into the
HEC-RAS Geometric data editor. This chapter discusses how to use
the HEC-RAS Geometric data editor to enter data directly. To learn
how to use HEC-GeoRAS to develop geometric data for HEC-RAS,
please review Chapter 14 of this manual (Using GIS data with HEC-
RAS), and the HEC-GeoRAS User’s manual.
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When entering data directly into HEC-RAS from the geometric data
editor, the data can still be entered in a georeferenced framework, or
not. To establish a georeferenced framework, the use must first set a
georeferenced projection in HEC-RAS Mapper. The various map and
terrain layers can be brought into RAS Mapper. Any terrain or other
background map layers that are brought into RAS Mapper can also be
used as background maps in the HEC-RAS Geometry editor.
Displaying background maps and terrain that have been setup in RAS
Mapper is accomplished by selecting the background mapping button

on the Geometry editor. @ To learn more about the background
mapping capabilities, view the information on this option in Chapter 6
of this document. The modeler can develop the geometric data in
HEC-RAS by first drawing in the river system schematic. This is
accomplished, on a reach-by-reach basis, by pressing the River
Reach button and then drawing in a reach from upstream to
downstream (in the positive flow direction). After the reach is drawn,
the user is prompted to enter a "River"” and a "Reach" identifier. The
River and reach identifiers can be up to 16 characters in length. As
reaches are connected together, junctions are automatically formed by
the interface. The modeler is also prompted to enter a unique
identifier for each junction. For more information on developing the
river system schematic, see Chapter 6 "Entering and Editing Geometric
Data."

After the river system schematic is drawn (See Figure 3-5), the
modeler can start entering cross-section and hydraulic structure data.
Pressing the Cross Section button causes the cross section editor to
pop up. This editor is shown in Figure 3-6. As shown, each cross
section has a River name, Reach name, River Station, and a
Description. The River, Reach and River Station identifiers are
used to describe where the cross section is located in the river system.
The "River Station" identifier does not have to be the actual river
station (miles or kilometers) at which the cross section is located on
the stream, but it does have to be a numeric value (e.g., 1.1, 2, 3.5,
etc.). The numeric value is used to place cross sections in the
appropriate order within a reach. NOTE: HEC-RAS requires Cross
sections to be ordered within a reach from the highest river
station upstream to the lowest river station downstream.
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Figure 3-6. Cross Section Data Editor

The basic data required for each cross section are shown on the Cross
Section Data editor in Figure 3-6. The required data for any cross
section consists of: station-Elevation data (Cross section point
coordinates); downstream reach lengths (distances from the current
cross section to the next cross section downstream); Manning’s n
values (at a minimum you must have a left overbank, main channel,
and right overbank Manning’s n value. There are several options for
horizontal and vertical variations of Manning’s n values); main channel
bank stations (defines the left and right bank limits of the main
channel); and contraction and expansion coefficients (defaults to 0.1
and 0.3 respectively). Additional cross section features are available
under Options from the menu bar. These options include: adding,
copying, renaming and deleting cross sections; adjusting cross section
elevations, stations, and n or k-values; skew cross section; ineffective
flow areas; levees; blocked obstructions; adding a lid to a cross
section; add ice cover; add a rating curve; horizontal variation of n or
k-values; and vertical variation of n values.

Also, available from the Cross Section Data editor is the ability to plot
any cross section or reach profile. Edit features are available to cut,
copy, paste, insert, and delete data from the Cross Section X-Y
Coordinates grid.

Once the cross-section data are entered, the modeler can then add
any hydraulic structures such as bridges, culverts, dams, weirs and
spillways. Data editors, similar to the cross section data editor, are
available for the various types of hydraulic structures. If there are any
stream junctions in the river system, additional data are required for
each junction. The Junction data editor is available from the
Geometric Data window.
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Once geometric data are entered, the data should be saved to a file on
the hard disk. This is accomplished by selecting the Save Geometric
Data As option from the File menu on the Geometric Data editor.
This option allows the user to enter a title for the geometric data. A
filename is automatically established for the geometric data, and then
saved to the disk. Once a title is established, geometric data can be
saved periodically by selecting Save Geometric Data from the File
menu of the Geometric Data editor.

Entering Flow Data and Boundary Conditions

Once the geometric data are entered, the modeler can then enter
either steady flow or unsteady flow data. The type of flow data
entered depends upon the type of analyses to be performed. For the
discussion in this chapter, it is assumed that a steady flow hydraulic
analysis will be performed. The data entry form for steady flow data is
available under the Edit menu bar option on the HEC-RAS main
window.

An example of the steady flow data entry form is shown in Figure 3-7,
which is the Steady Flow Data Editor. As shown in Figure 3-7,
steady flow data consist of: the number of profiles to be computed;
the flow data; and the river system boundary conditions. At least one
flow must be entered for every reach within the system. Additionally,
flow can be changed at any location within the river system. Flow
values must be entered for all profiles.

Boundary conditions are required in order to perform the calculations.
If a subcritical flow analysis is going to be performed, then only the
downstream boundary conditions are required. If a supercritical flow
analysis is going to be performed, then only the upstream boundary
conditions are required. If the modeler is going to perform a mixed
flow regime calculation, then both upstream and downstream
boundary conditions are required. The Boundary Conditions data entry
form can be brought up by pressing the Reach Boundary Conditions
button from the Steady Flow Data entry form.

Once all of the steady flow data and boundary conditions are entered,
the modeler should save the data to the hard disk. This can be
accomplished by selecting Save Flow Data As from the File option on
the Steady Flow Data menu bar. Flow data is saved in a separate file.
The user is only required to enter a title for the flow data, the filename
is automatically assigned.

3-9



Chapter 3 Working with HEC-RAS — An Overview

55 Steady Flow Data - larger flows o (e S|

File Options Help
Enter Edit Mumber of Profiles (32000 max): ||4 Reach Boundary Conditions ... | apply Data |
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[Edit Steady flow data for the profiles (cfs)

Figure 3-7 Steady Flow Data window

Performing the Hydraulic Computations

Once all of the geometric data and flow data are entered, the modeler
can begin to perform the hydraulic calculations. As stated previously,
there are five types of calculations that can be performed in the
current version of HEC-RAS: Steady Flow Analysis, Unsteady Flow
Analysis, Sediment Transport/Mobile Boundary Modeling, Water
Quality Analyses, and Hydraulic Design Functions. The modeler can
select any of the available hydraulic analyses from the Run menu bar
option on the HEC-RAS main window. An example of the Simulation
Manager window is shown in Figure 3-8, which is the Steady Flow
Analysis window.
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Figure 3-8. Steady Flow Analysis window

As shown in Figure 3-8, the modeler puts together a Plan by selecting
a specific set of geometric data and flow data. A Plan can be put
together by selecting New Plan from the File menu bar option of the
Steady Flow Analysis window. Once a Plan Title and Short Identifier
(Short ID) have been entered, the modeler can select a Flow Regime
for which the model will perform calculations. Subcritical,
Supercritical, or Mixed flow regime calculations are available.

Additional features are available under the Options menu for:
performing a Floodway Encroachment Analysis; Setting locations for
calculating flow distribution output; conveyance calculation options;
friction slope methods; calculation tolerances; critical depth output;
critical depth computation method; split flow optimization; data
checking; setting log file levels; and viewing the log file output.

Once the modeler has selected a Plan and set all of the calculation
options, the steady flow calculations can be performed by pressing the
Compute button at the bottom of the Steady Flow Analysis window.
When this button is pressed, the HEC-RAS system packages up all the
data for the selected plan and writes it to a run file. The system then
runs the steady flow model and passes it the name of the run file.
This process is executed in a separate window. Therefore, the
modeler can work on other tasks while it is executing.
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Viewing and Printing Results

Once the model has finished all of the computations, the modeler can
begin viewing the results. Several output features are available under
the View option from the main window. These options include: cross
section plots; water surface profile plots; general profile plots; rating
curve plots; X-Y-Z perspective plots; hydrograph plots and hydraulic
property tables (if unsteady flow simulation was performed); tabular
output at specific locations (Detailed Output Tables); tabular output for
many locations (Profile Summary Tables); summary of errors,
warnings, and notes; and viewing data contained in HEC-DSS.

An example of a cross section plot is shown in Figure 3-9. The user
can plot any cross section by simply selecting the appropriate River,
Reach and River Station from the list boxes at the top of the plot. The
user can also step through the plots by using the up and down arrow
buttons. Several plotting features are available under the Options
menu of the Cross Section plot. These options include: zoom in;
zoom out; full plot; pan; animate; selecting which plans, profiles and
variables to plot; velocity distribution; viewing interpolated cross-
sections; and control over the lines, symbols, labels, scaling, and grid
options.

Hard copy outputs of the graphics can be accomplished in two different
ways. Graphical plots can be sent directly from HEC-RAS to whichever
printer or plotter the user has defined under the Windows Print
Manager. Graphical plots can also be sent to the Windows clipboard.
Once the plot is in the clipboard it can then be pasted into other
programs, such as a word processor. Both of these options are
available from the File menu on the various plot windows.

An example of a profile plot is shown in Figure 3-10. All of the options
available in the cross section plot are also available in the profile plot.
Additionally, the user can select which specific reaches to plot when a
multiple-reach river system is being modeled.

An example of an X-Y-Z Perspective Plot is shown in Figure 3-11. The
user has the option of defining the starting and ending location for the
extent of the plot. The plot can be rotated left or right, and up or
down, in order to get different perspectives of the river reach. The
computed water surface profiles can be overlaid on top of the cross
section data. The graphic can be sent to the printer or plotter directly,
or the plot can be sent through the Windows Clipboard to other
programs.
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Figure 3-11 X-Y-Z Perspective Plot of River Reach with a Bridge
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Tabular output is available in two different formats. The first type of
tabular output provides detailed hydraulic results at a specific cross
section location (Detailed Output Table). An example of this type of
tabular output is shown in Figure 3-12.

Cross Section Qutpu

Eile Type Options Help

River: ICritimI Cr. ;I Profile:
Reach IUpper Reach ;I RS: |12 LI ﬂ ﬂ Plan: IModiﬁEd Gen

Plan: Modified Geo  Critical Cr.  Upper Reach RS: 12 Profile: 100 yr
E.G. Elev (ft) 1816.02 | Element left0B |  Channel | RightoB
Vel Head (ft) 0.48 | Wt. nval. 0,100 0.040 0,100
W.5. Elev (ft) 1315.54 | Reach Len. (ft) 100.00 100.00 100.00
Crit W.5. (ft) 1314.46 | Flow Area (sq ft) 2474.88 342,55 178.06
E.G. Slope (ft/f) 0.004560 | Area (sq ) 2474.88 342.55 178.06
Q Total (cfs) 000,00 | Flow {cfs) 5745,10 3067.11 183.79
Top Width (f) 915,35 | Top Width (f) 599,72 45,00 170,63
Vel Total (ft/s) 3.00 | Awa. Vel. (ftfs) 2.32 3.95 1.03
Max Chl Dpth (ft) 11,94 | Hydr. Depth (ft) 3.54 7.61 1.04
Conv, Total (cfs) 133281.1 | Conv. (cfs) 85138.5 45420.9 2721.7
Length Wtd. (ft) 100,00 | Wetted Per. (ft) 70257 50,80 170,66
Min Ch El (ft) 1303.60 | Shear (bjsq ft) 1.00 1.92 0.30
Alpha 3.41 | Stream Power (lb/fts) 2.33 17.19 0.31
Frctn Loss (ft) 0.54 | Cum Volume (acre-ft) 216.74 42,88 10.32
C &E Loss (ft) 0.04 | Cum SA (acres) 79,59 6.44 7.90

Errors, Warnings and

|5e|ect Profile

Figure 3-12 Tabular Detailed Output

The second type of tabular output shows a limited number of hydraulic
variables for several cross sections and multiple profiles (Profile
Summary Tables). An example of this type of tabular output is shown
in Figure 3-13. There are several standard tables that are predefined
and provided to the user under the Tables menu from the profile
output tables. Users can also define their own tables by specifying
what variables they would like to have in a table. User specified table
headings can be saved and then selected later as one of the standard
tables available to the project.
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Tabular output can be sent directly to the printer or passed through
the clipboard in the same manner as the graphical output described
previously. This option is also available under the File menu on each
of the table forms.

Profile Qutput Table - Standard Table 1 5

Eile Options 5Std. Tables Locations Help

HEC-RAS Plan: Exist Cond River: Critical Cr. Reach: Upper Reach  Profile: 100 Reload Data
Reach River Sta |Profile Q Total | Min Ch El |W.5. Elev| Crit W.5. | E.G. Elev |E.G. Slope| Vel Chnl |Flow Area | Top Width | Froude # Chl
cfs) | ) (ft) (ft) (ft) (ft/ft) (ft/s) (sq f) (ft)
100 yr 9000.00; 1803.60 1815.06 1815.75 0.006855 10,51 2557.91 878.49 0.69
100 yr 9000.00 100,70 1810.42| 1310.42 1811.87 0.003544 12,03 1735.43 562.66 0.32
100 yr 9000.00 1794.40 1804.47 1304.93 0.010255 10.43 2479.90 914.78 0.79
100 yr 9000.00 1783.700 1799.31| 1799.31 1800.16 0.0058846 11,43 2720.40 1216.83 0.30
100 yr 9500.00 1784.300 1793.89| 1793.89 1795.08 0.008608 12,33 2525.34 1110.75 0.81
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100 yr 9500.00 1774,50) 1734.30| 1784.300 1786.35 0.011132 13,38 1260.83 332.46 0.93
100 yr 9500.00 1768.50 1775.81| 1775.81 1778.18 0.013225 13.55 1829.34 583.32 0.97
100 yr 9500.00 1763.00 1773.44 1773.88 0.004986 9.32| 2989.65 760,45 0.59
100 yr 9500.00 1759.40 1757.29| 1755.75 1769.34 0.019801 16,09 1611.29 621.78 1.20
100 yr 9500.00 1753.60 1761.54 1762.10 0.009421 10.36 2322.395 682.69 0.30
100 yr 9500.00 1747.400 1756.71| 1755.71) 1757.21 0.010002 9.91| 2403.99 723.01 0.79
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Figure 3-13 Profile Output Table

Importing HEC-2 Data

An important feature of HEC-RAS is the ability to import HEC-2 data.
This feature makes it easy for a user to import existing HEC-2 data
sets and start using HEC-RAS immediately. HEC-2 is a steady flow
hydraulics model that was the predecessor to HEC-RAS. Thousands of
hydraulic studies were done with HEC-2 in the 70’s, 80’s, and 90’s.

What You Should Know First

Before importing HEC-2 data, there are several things that you should
be aware of. First, not all of the options available in HEC-2 have been
incorporated into the current version of HEC-RAS. The following is a
list of HEC-2 options that are not available in the current version of
HEC-RAS:

e Compute Manning’s n from high water marks (J1)
e Archive (AC)

e Free Format (FR) — HEC-2 files that are in free format (comma and
single space delimited, instead of the fixed format of 8 column
fields)

e Storage Outflow for HEC-1 (J4)

HEC-2 data sets containing these options can still be imported (except
for free format HEC-2 files cannot), but these data options will be
ignored.
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Another important issue to be aware of is how the cross sections are
identified. In HEC-RAS, each cross section is identified with a River
name, Reach name, and a River Station. The river stationing must be
in order from highest river stationing upstream to lowest river
stationing downstream. When the user goes to import HEC-2 data, a
pop up window will appear (Figure 3-14), asking the user to select a
method for identifying the river stationing of the cross sections. If you
select "Use HEC-2 Section ID's," the program will use the first field of
the X1 record for the river stationing of the cross section. If you
choose this method, you must be sure that the cross sections in the
HEC-2 file are numbered with highest river stationing upstream, and
that no two cross sections have the same river station identifier. If
these two requirements are not met, the program will not import the
data correctly. An alternative is to select "Use Sequential Counter.”
This method simply assigns river stations as 1, 2, 3, etc... in the order
in which the cross sections are found in the HEC-2 file (still
maintaining highest numbers upstream and lowest numbers
downstream.

HEC-2 Import Dptions

RiverStation |dentifcation b ethod
(8 ze HEC-2 Sechion |D =

(" Usze Sequential Counter

Import HEC-2 Cancel

Figure 3-14. Method for Identifying River Stations from HEC-2 Data

After the HEC-2 data is imported into HEC-RAS, you may need to
make some modifications to the data. HEC-RAS is a completely new
program. As HEC-RAS was being developed, we tried to improve the
hydraulic computations in every way we could. Some of these
improvements have made it necessary to get more information and/or
different information from the user for a specific type of computation.
The following is a list of features in which the data requirements for
HEC-2 and HEC-RAS have changed, and it may be necessary for the
user to modify the data after it is imported:

e Special Bridge (SB)

e Special Culvert (SC)

e Normal Bridge (X2, BT)

e Encroachments and Floodway Determination (X3, ET)
e Ineffective Flow Areas (X3)
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When bridge data are imported, the user must take special care to
ensure that the data are correctly representing the bridge. The bridge
routines in HEC-RAS are more detailed than HEC-2, and therefore you
may have to modify some data and/or enter some additional data.
Whenever you import an HEC-2 data set with bridge data, carefully
review all the data for each bridge. Chapter 6 of this user's manual
describes the required data for bridges in HEC-RAS. Appendix C of
the HEC-RAS Hydraulic Reference Manual contains a detailed
discussion of the computational differences between HEC-RAS
and HEC-2. Some key differences between the bridge routines of
HEC-2 and HEC-RAS are as follows:

1. Special Bridge Data Sets

HEC-RAS does not use a trapezoidal approximation for low flow
through the bridge opening. The actual bridge opening is used in both
the Yarnell method and the momentum method. This could be a
problem for HEC-2 special bridge data sets that do not include low
chord information on the BT data. If you have a data set like this, you
will need to modify the bridge deck information after the data have
been imported. This can be done from the HEC-RAS Deck/Roadway
editor.

The pressure flow equations in HEC-RAS use the actual bridge
opening, defined by the ground and the bridge data. In HEC-2, the
user was required to enter an area for pressure flow. If the actual
bridge opening produces a different area than what the user had
entered in the HEC-2 data deck, the program will get different results
for pressure flow, and pressure and weir flow answers.

Pier information from the SB record is incorporated as a single pier in
the HEC-RAS data set (this is how it was treated in HEC-2). Piers are
treated as separate pieces of data in HEC-RAS. For special bridges
that have piers, you may want to change the single pier to multiple
piers, depending on what is actually at the bridge. Pier information
can be modified using the Pier editor.

2. Normal Bridge Data Sets

Because piers are treated as a separate piece of data in HEC-RAS,
they must not be included in the cross section data or the bridge deck.
Since it is common to include pier information as part of the cross
section or bridge deck in HEC-2, these data will need to be modified.
For data sets that have piers, you will need to remove the pier
information from the cross section or bridge deck, and then add the
information back in using the Pier editor.
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Steps for Importing HEC-2 Data

To import HEC-2 data, do the following:

1.

7] HEC-RAS 5.0.0 Beta October 201 E=TEE

Edit Run View Options GISTools Help Debug

MNew Project ...

Open Project ...

Save Project

Save Project As ...
Rename Project Title ...
Delete Project ...

Project Summary ...

Import HEC-2 Data ...
Import HEC-RAS Data .

Start a new project by selecting New Project under the File menu
option on the HEC-RAS main window (Figure 3-16). When this
option is selected a window will appear allowing you to select the
drive and directory for the new project, and then enter a project
title and filename. Press the OK button, and then a pop up window
will appear asking you to confirm the information.

Select the Import HEC-2 Data option under the File menu on the
main window (Figure 3-15). A pop up window will appear (Figure
3-17), which will allow you to select a drive, path, and filename for
the HEC-2 data file. In addition to the filenames being listed, the
first line of each HEC-2 data file is shown under the title field on
the window. Once you have selected the file you want, press the
OK button.

001

B US Customary Units

Figure 3-15. HEC-RAS Main Window with File Menu Options Shown

Once you have selected an HEC-2 file and pressed the OK button, a
pop up window will appear asking you to select a method for
identifying the river stationing of the cross sections (this was
discussed under the "What You Should Know First" section). Select
a method and press the Import HEC-2 button.
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Import HEC2 data fle '- “

Title File Mame Selected Folder Default Project Folder | Documents
T1 TEST 1S5UBCRITICAL PROFILE XSECS HEC201.DAT d!\HEC Old'HECold\HEC2
C5

T1 TEST 2 OPTIOMAL START COMDITIONS HEC202.DAT
T1 TEST 3 INTERPOLATED CROSS SECTIO HEC203.DAT
T1  TEST 4 DIRECT SOLUTION OF MAMMIN HEC204.DAT |—- |
C HEC205.DAT —
T1 TEST 6 NORMAL BRIDGE,SUPERCRITIC HEC206,.DAT
T1 TEST 7 MORMAL BRIDGE ,CRITICAL D HEC207.DAT
T1 TEST 8 SPECIAL BRIDGE,METRIC LIMI HEC203.DAT
T1 TEST 9 SPECIAL BRIDGE,CLASS A AN HEC209.DAT
T1 TEST 10 SPECIAL BRIDGE-WEIR FLO HEC210,.DAT e

oK | Cancel | Help | Create Folder ... | =id: j

elect HEC-2 file to import

Figure 3-16 Window for Importing HEC-2 Data

4. If the HEC-2 data file contains any bridges or culverts, a note
will appear reminding you to look at the imported data of all of the
bridges and culverts to ensure the data is complete and correct.

The data are automatically saved in HEC-RAS format with default
names and titles. The user can change the titles at any time by using
the Rename feature, which is available from the File menu of the
various data editors (Geometric data, flow data, and plan data).

Reproducing HEC-2 Results

The HEC-RAS program is a completely new piece of software. None of
the hydraulic routines from HEC-2 were used in the HEC-RAS software.
When HEC-RAS was being developed, a significant effort was spent on
improving the computational capabilities over those in the HEC-2
program. Because of this, there are computational differences
between the two programs.

Appendix C, of the HEC-RAS Hydraulic Reference Manual,
outlines in detail the computational differences between the
two programs. Please review this closely!

When importing HEC-2 data, and attempting to reproduce the results
of a previous study, the following is a list of items that should be
considered:
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1. First, is the data that you have imported good data? In other
words, did it come from a working HEC-2 model, and was that model
considered as being hydraulically sound. Are there an adequate
number of cross sections? And are there any mistakes in the cross
section data? Review the data closely, before you assume that it is
good!

2. The default method for calculating conveyance in HEC-RAS is
different from HEC-2. However, HEC-RAS has the ability to compute
conveyance with the HEC-2 methodology. If you are trying to
reproduce HEC-2 results, you may want to switch HEC-RAS to the
HEC-2 method of computing conveyance. To do this, from the Steady
Flow Analysis window select Options from the menu bar then select
Conveyance Calculations. When this is selected, a pop up window
will appear as shown in Figure 3-17. There are two options available,
the HEC-RAS default method (break in n-value method) and the HEC-2
style method. Select the HEC-2 style method if you are trying to
reproduce HEC-2 results. For more information on the differences in
conveyance calculations, see Appendix C of the HEC-RAS Hydraulic
Reference manual.

{« At breaks in nvalues only
("~ Between every coordinate point (HECZ Style)

Cancel

Figure 3-37. HEC-RAS Conveyance Calculation Methods

3. The HEC-RAS bridge routines are more comprehensive than the
HEC-2 bridge routines, and therefore differences can occur at bridge
locations. First, review the bridge data closely and make sure it
accurately represents the bridge you are trying to model. If you feel it
is necessary to match the results of a previous study at the bridge,
then your only alternative is to adjust the coefficients that are being
used in the bridge modeling approach (i.e., pressure and weir flow
coefficients, low flow coefficients, contraction and expansion
coefficients, etc...). For detailed information on the differences
between the HEC-RAS and HEC-2 bridge routines, please review
Appendix C of the Hydraulic Reference manual.
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4. Sometimes differences can occur at locations where the
programs have defaulted to a critical depth solution. First you should
ask yourself if critical depth is an appropriate solution for this location.
It is a common problem for both programs to default to critical depth
when the cross sections are spaced too far apart. If you feel critical
depth is an appropriate solution, then in general the HEC-RAS answer
will be better than HEC-2. The critical depth routines in HEC-RAS are
much more comprehensive than HEC-2. HEC-RAS has tighter error
limits for locating critical depth, as well as the ability to find multiple
critical depths and detect which is the most appropriate.

5. Differences can also occur at locations where floodway
encroachments are being computed. The HEC-RAS floodway
encroachment routines have been improved over those available in
HEC-2. Also, the default at bridges in HEC-RAS is to perform the
encroachment analysis, while the default in HEC-2 was to not encroach
at bridges. For more details on differences between encroachment
routines, please review Appendix C of the HEC-RAS Hydraulic
Reference Manual.

6. After carefully reviewing items one through five above, if you
still have computational differences in the computed profiles, you may
need to modify Manning’s n values in order to reproduce the previous
study results. In general, this is not suggested. If you do decide to
modify the n values, try to keep them within a realistic range of what
is appropriate for the stream you are working on.

Getting and Using Help

On-line help is available from within the HEC-RAS software. Help can
be accessed by selecting the Help menu option at the top of each
window, or by pressing the F1 function key at any time. The help
system is context sensitive, so when the F1 key is pressed, help will
come up for the currently active HEC-RAS window.
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CHAPTER 4

Example Application

This chapter provides an example application of how to perform steady
flow water surface profile calculations with HEC-RAS. The user is
taken through a step-by-step procedure of how to enter data, perform
calculations, and view the results.

In order to get the most out of this chapter, you should perform each
of the steps on your own computer. Also, before you try the example
application, you should have read the first three chapters in this
manual.

Contents

Starting a New Project

Entering Geometric Data

Entering Steady Flow Data
Performing the Hydraulic Calculations
Viewing Results

Printing Graphics and Tables

Exiting the Program
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Starting a New Project

To begin this example, let's first start the HEC-RAS program. Double
click the HEC-RAS icon in Windows. The main window should appear
as shown in Figure 4-1.

| [1] HEC-RAS 5.0.0

File Edit Run VNiew Options GISTools Help

BRI AR R EEENEEEEE

Project:

Plan:

I

|
Geometry: |
Steady Flow: |
|

|

Unsteady Flow:
Description :

E E“ HEC-RAS 5.0.0  |US Customary Units

Figure 4-1. HEC-RAS main window.

The first step in developing an HEC-RAS application is to start a new
project. Go to the File menu on the main window and select New
Project. The New Project window should appear as shown in Figure
4-2 (Except the title and file name fields will be blank when it first
comes up).

Title File Mame Selected Folder Default Project Folder I Documents |
IStead\,‘ Flow Example from Chapter 4 |EX 1.prj d:\...\1D Steady Flow Hydraulics\Chapter 4 Example Data
Steady Flow Example from Chapter 4 EX1.prj Ed:\
{Z4HEC Data
S HECRAS

3 Example Data

51D Steady Flow Hydraulics

& Chapter 4 Example Data

oK | Help I Create Folder ... |
Belect project to Open

Figure 4-2. New project window.

First set the drive (e.g., C:) and the directory that you would like to
work in. Next enter the project title and filename as shown in Figure
4-3. Once you have entered the information, press the OK button to
have the data accepted.

Entering Geometric Data

The next step in developing a steady flow hydraulics model with HEC-
RAS is to enter the geometric data. This is accomplished by selecting
Geometric Data from the Edit menu on the HEC-RAS main window.
Once this option is selected the geometric data window will appear,
except yours will be blank when you first bring it up (Figure 4-3).
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Drawing the Schematic of the River System

River
Reach

—

In this example we are going to develop a two-river (three hydraulic
reaches) system as shown in Figure 4-3. This model will not be
Georeferenced, so we will not bring in any georeferenced background
maps first. Draw the river system schematic by performing the
following steps:

1. Click the River Reach button on the geometric data window.

2. Move the mouse pointer over to the drawing area and place the
pointer at the location in which you would like to start drawing the
first reach.

3. Press the left mouse button once to start drawing the reach. Move
the mouse pointer and continue to press the left mouse button to
add additional points to the line segment. To end the drawing of
the reach, double click the left mouse button and the last point of
the reach will be placed at the current mouse pointer location. All
reaches must be drawn from upstream to downstream (in the
positive flow direction), because the program assumes this to be
true.

4. Once the reach is drawn, the interface will prompt you to enter an
identifier for the River name and the Reach name. The River
identifier can be up to 32 characters, while the reach name is
limited to 12 characters. In this example, there is one river named
Fall River and another one named Butte Cr. Fall River contains
two hydraulic reaches, which are labeled Upper Reach and Lower
Reach. Butte Cr. has been entered as a single hydraulic reach,
and the reach name is Tributary.

5. Repeat steps one through four for each reach. After you enter the
identifiers for Butte Cr., you will also be prompted to enter an
identifier for the junction. Junctions in HEC-RAS are locations
where two or more reaches join together or split apart.

Once you have finished drawing in the river system, there are several
options available for editing the schematic. These options include:
change name, move object (objects are labels, junctions, and points in
the reaches), add points to a reach, remove points from a reach,
delete a reach, and delete a junction. The editing features are located
under the Edit menu on the Geometric Data window. Note: when
you first draw your schematic there will not be any green lines
representing cross sections as shown in Error! Reference source
not found.. The cross section lines only show up after you have
entered cross sections.
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“{_ Geometric Data - Base Geometry Data
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Figure 4-3. Geometric data window with example river schematic

Entering Cross Section Data

Crozs
Section

The next step is to enter the cross section data. This is accomplished
by pressing the Cross Section button on the Geometric Data window
(Figure 4-3). Once this button is pressed, the Cross Section Data
editor will appear as shown in Figure 4-4 (Except yours should be
blank). To enter cross section data do the following:

1. Select a River and a Reach to work with. For this example start
with the Fall River, Upper Reach.

2. Go to the Options menu and select Add a new Cross Section.
An input box will appear to prompt you to enter a river station
identifier for the new cross section. The identifier does not have to
be the actual river station, but it must be a numeric value. The
numeric value describes where this cross section is located in
reference to all the other cross sections within the reach. Cross
sections are located from upstream (highest river station) to
downstream (lowest river station). For this cross section enter a
value of 10.0.
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Exit Edit Options Plot Help

River: IFaII Riwer ;I fpply Cata |E|;| + nl
Reach; IUpper Reach ;I River 513.:'10 ;I ﬂﬂ

Description Il..lpst'eam Boundary of Fall River & El
Del Row I Inz Row I Downstream Reach Lengths

Cross Section Coordinates LOB Channel ROB
Station Elevation 430 300 330

TR —

140 LOB Channel ROB

200 0.06 0.035 0.05

270 Main Channel Bank Stations

240

a0
73
70
71
9

a1
360 91

-
HE'-DO:"‘-JU‘IU'I-hL'\JNI—l

Figure 4-4. Cross Section Data Editor with example data

3. Enter all of the data for this cross section as it is shown in Figure 4-
4.

4. Once all the data are entered press the Apply Data button. This
button is used to tell the interface that you want the data to be
accepted into memory. This button does not save the data to your
hard disk, which can only be accomplished from the File menu on
the Geometric Data window.

5. Plot the cross section to visually inspect the data. This is
accomplished by pressing the Cross Section button on the top
right of the cross section editor. The cross section editor should
now look the same as that shown in Figure 4-5.

In general, the five steps listed would be repeated for every cross
section that is entered. In order to reduce the amount of data entry
for this example, the current cross section will be copied and adjusted
to represent other cross sections within the river system.
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- _
— - |
Exit Edit Options Plot Help
River: |Fall River - ¥ Cut from Terrain
Reach: |Upper Reach | river sta.:| 10 | ﬂﬂ Stesdy Flow Example fom Chapter & Plan: Existing Conditions Run  2/2/2010
Description |Upsiream Boundary of Fall River L B | Ufﬁ“ﬂim Bllluﬂdﬂw of Fall River |
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Figure 4-5. Cross section plot for river mile 10.0 of Fall Creek.

The following steps should be followed to copy the current cross
section:

1. Go to the Options menu on the Cross Section Data Editor and
select Copy Current Cross Section. An input box will appear to
prompt you to select a river and a reach, and then enter a river
station for the new cross section. For this example, keep the river
and reach as Fall River and Upper Reach, then enter a new river
station of 9.9. Press the OK button and the new cross section will
appear in the editor.

2. Change the cross section description to "River Mile 9.9 of Fall
River."

3. Adjust all the elevations of the cross section by -0.5 feet. This is
accomplished by selecting the Adjust Elevations feature from the
Options menu on the Cross Section Data Editor.

4. Adjust the cross section stationing to reduce the overbanks by
10%. This is accomplished by selecting the Adjust Stations feature
from the Options menu on the Cross Section Data Editor, then
select Multiply by a Factor. When the input box appears for this
option, three data entry fields will be available to adjust the
stationing of the left overbank, channel, and the right overbank
separately. Enter values of 0.90 for the right and left overbanks,
but leave the main channel field blank. This will reduce the
stationing of both overbanks by 10%, but the main channel will not
be changed.

5. Downstream reach lengths remain the same for this cross section.
6. Press the Apply Data button.
7. Plot the cross section to visually inspect it.

These seven steps should be repeated to enter all the data for Fall
River (Upper and Lower Reach). The necessary adjustments are listed
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in Table 4-1. Perform the cross section duplications in the order that
they are listed in the table. Make sure to change the description of
each cross section, and also press the Apply Data button after
making the adjustments for each cross section.

Table 4-1 Cross section adjustments for duplicating sections

Cross Section

Adjusted Stationing

Downstream Reach Lengths

Adjusted
Reach River Sta.  Elevation Left O.B. Channel Right O0.B. LeftO0.B. Channel RightO.B.
Upper 9.8 -0.4 0.8 - 0.8 0 0 0
Lower 9.79 -0.1 1.2 1.2 1.2 500 500 500
Lower 9.7 -0.5 1.2 1.2 1.2 500 500 500
Lower 9.6 -0.3 - - - 500 500 500
Lower 9.5 -0.2 - - - 0 0 0

This completes all the cross section data for Fall River (upper and

lower reach). Now let's work on entering the data for the Butte Creek

tributary. To enter the first cross section in the Butte Creek tributary
do the following:

1.

5.

Go to the River text box on the Cross Section Data Editor and
select the Butte Cr. River. The Reach of "Tributary" will
automatically be selected since it is the only reach in Butte Creek.

Select Add a new Cross Section from the Options menu. When the

popup box appears to prompt you to enter a new river station,

enter a value of 0.2

Enter all the data for this cross section as shown in Figure 4-6

Once all the data are entered for this section, press the Apply Data

button.

Plot the cross section to inspect the data.

-
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Exit Edit Options Plot Help
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e R =
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Description

Del Row |
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Figure 4-6. Cross Section Editor with river mile 0.2 of Butte Creek
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There are two other cross sections that need to be developed for the
Butte Creek tributary. These two cross sections will be developed by
duplicating the cross section that you just entered, and then adjusting
the elevations and stationing. The necessary adjustments are listed in
Table 4-2. Perform the cross section adjustments in the order that
they are listed in the table. Make sure to change the description of
each cross section and press the Apply Data button after editing is
complete.

Table 4-2 Cross Section adjustments for Butte Creek sections

Cross Section Adiusted Adjusted Stationing Downstream Reach Lengths
juste
Reach River Sta.  Elevation Left O.B. Channel Right 0.B. Left0.B. Channel RightO.B.
Butte Cr. 0.1 -0.6 - - - 500 500 500
Butte Cr. 0.0 -0.3 - - - 0.0 0.0 0.0

Now that all of the cross section data are entered, save the data to a
file before continuing. Saving the data to a file is accomplished by
selecting the "Save Geometry Data As" option from the File menu
on the Geometric Data window. After selecting this option you will be
prompted to enter a Title for the geometric data. Enter "Base
Geometry Data" for this example, then press the OK button. A file
name is automatically assigned to the geometry data based on what
you entered for the project filename.

Entering Junction Data

The next step is to enter the junction data. Junction data consist of a
description, and reach lengths across the junction. In this example
there is only one junction, which is labeled Sutter. To enter Junction
data, press the Junction button on the Geometric Data window.
Enter the junction data as shown in Figure 4-7.

Junction Data - Base Geo

Steady Flow C tation Mod
soncton Name  [ET RN ~] ¥ 1| =y Fow Canputaion Hode

{* Energy

Description |F|Dw Confluence of Fall and Butte Creek " Momentum
[¥ Add Friction

- [~ Add Weight
From: Fall River - Lower Reach Length (ft)

Unsteady Flow Computation Mode
{* Force Equal W5 Elevations
{” Energy Balance Method

To: Butte Cr. - Tributary a0
To: Fall River - Upper Reach 50

Ok | Cancel Help

Select Junction to Edit

Figure 4-7 Junction Data Editor, with Sutter junction data

Reach lengths across the junction are entered in the junction editor,
rather than in the cross section data. This allows for the lengths
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across very complicated confluences (i.e., flow splits) to be
accommodated. In the cross section data, the reach lengths for the
last cross section of each reach should be left blank or set to zero.

In this example the energy equation will be used to compute the water
surface profile through the junction. If the momentum equation is
selected, then an angle can be entered for one or more of the reaches
flowing into or out of a junction. The momentum equation is set up to
account for the angle of the flow entering the junction.

Once you have all of the data entered for the junction, apply the data
and close the window by pressing the OK button.

Saving the Geometry Data

At this point in the example, all of the geometric data has been
entered. Before we continue with the example, you should save the
geometric data to the hard disk. Since the data have already been
saved once, you simply have to select Save Geometry Data from the
File menu on the Geometric Data window. We can now go on to enter
the Steady Flow data.

Entering Steady Flow Data

The next step in developing the required data to perform steady flow
water surface profile calculations is to enter the steady flow data. To
bring up the steady flow data editor, select Steady Flow Data from
the Edit menu on the HEC-RAS main window. The Steady Flow Data
editor should appear as shown in Figure 4-8.

The first piece of data to enter is the number of profiles to be
calculated. For this example, enter "3" as shown in Figure 4-8. The
next step is to enter the flow data. Flow data are entered from
upstream to downstream for each reach. At least one flow rate must
be entered for every reach in the river system. Once a flow value is
entered at the upstream end of a reach, it is assumed that the flow
remains constant until another flow value is encountered within the
reach. Additional flow values can be entered at any cross section
location within a reach.
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River Reach RS 10 yr | 50 yr | 100 yr
1|Butte Cr. Tributary 0.2 500 1500

2|Fall River |pper Reach 10 500 2000 5000

3|Fall River Lower Reach 9,79 &00 2500 G500

4|Fall River Lower Reach 9.6 &50 2700 F000

[Edit Steady flow data for the profiles (cfs)

Figure 4-8 Steady Flow data editor, with example problem data

In this example, flow data will be entered at the upstream end of each
reach. An additional flow change location will be entered at river mile
9.6 of the Fall River in the Lower Reach. To add an additional flow
change location into the table, first select the Fall River, Lower Reach
from the Reach list box. Next, select the desired river station location
(9.6 in this example) from the River Sta. list box. Finally, press the
Add a Flow Change Location button. The new flow location should
appear in the table. Now enter all of the flow data into the table as
shown in Figure 4-8. Profile labels will automatically default to "PF#1,"
"PF#2," etc. You can change these labels to whatever you want. In
this example they have been changed to "10 yr,” "50 yr," and "100
yr," to represent the statistical return period of each of the events
being modeled.

The next step is to enter any required boundary conditions. To enter
boundary conditions, press the Enter Boundary Conditions button at
the top of the Steady Flow Data editor. The boundary conditions
editor will appear as shown in Figure 4-9, except yours will be blank
the first time you open it.

Boundary conditions are necessary to establish the starting water
surface at the ends of the river system. A starting water surface is
necessary in order for the program to begin the calculations. In a
subcritical flow regime, boundary conditions are only required at the
downstream ends of the river system. If a supercritical flow regime is
going to be calculated, boundary conditions are only necessary at the
upstream ends of the river system. If a mixed flow regime calculation
is going to be made, then boundary conditions must be entered at all
open ends of the river system.
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¥ Set boundary for all profiles ™ set boundary for one profile at a time

Available External Boundary Condtion Types

Known W.5. | Critical Depth Marmal Depth Rating Curve

lected Boundary Condition Locations and Types

River

Profile Upstream Downstream

Butte Cr.

Tributary all Junction=5utter

Fall River

Upper Reach all Junction=5utter

Fall River

Lower Reach all Junction=5utter Mormal Depth 5 = 0.0004

Steady Flow Reach-storage Area Optimization ..

Select Boundary condition for the downstream side of selected reach.

Figure 4-9 Steady Flow Boundary Conditions

The boundary conditions editor contains a table listing every river and
reach. Each reach has an upstream and a downstream boundary
condition. Connections to junctions are considered internal boundary
conditions. Internal boundary conditions are automatically listed in the
table, based on how the river system is connected in the geometric
data editor. The user is only required to enter the necessary external
boundary conditions.

In this example, it is assumed that the flow is subcritical throughout
the river system. Therefore, it is only necessary to enter a boundary
condition at the downstream end of the Fall River, Lower Reach.
Boundary conditions are entered by first selecting the cell in which you
wish to enter a boundary condition. Then the type of boundary
condition is selected from the four available types listed above the
table. The four types of boundary conditions are:

e Known water surface elevations
e Critical depth

e Normal depth

e Rating curve

For this example, use the normal depth boundary condition. Once you
have selected the cell for the downstream end of Fall River, Lower
Reach, press the Normal Depth button. A pop up box will appear
requesting you to enter an average energy slope at the downstream
end of the Fall River. Enter a value of 0.0004 (ft/ft) then press the
Enter key. This completes all of the necessary boundary condition
data. Press the OK button on the Boundary Conditions form to accept
the data.

The last step in developing the steady flow data is to save the data to
a file. To save the data, select the Save Flow Data As option from
the File menu on the Steady Flow Data Editor. A pop up box will
prompt you to enter a description of the flow data. For this example,
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enter "10, 2, and 1% chance events." Once the data are saved, you
can close the Steady Flow Data Editor.

Performing the Hydraulic Calculations

Now that all of the data have been entered, we can calculate the
steady water surface profiles. To perform the simulations, go to the
HEC-RAS main window and select Steady Flow Analysis from the
Run menu. The Steady Flow Analysis window should appear as shown
in Figure 4-10, except yours will not have any plan titles yet.

st S - -

File Options Help

Plan : Exisﬁng Conditions Run Short ID |Existing
Geometry File : |Base Geometry Data ﬂ
Steady Flow File : |1I3II 2 and 1% chance events j
Plan Description ;
Flow Reqgime J
{* Subcritical
(" Supercritical
" Mixed

Optional Programs
[ Floodplain Mapping

| Compute

Enter to compute water surface profiles

Figure 4-10 Steady Flow Analysis Simulation Window

The first step is to put together a Plan. The Plan defines which
geometry and flow data are to be used, as well as providing a title and
short identifier for the run. To establish a plan, select New Plan from
the File menu on the Steady Flow Analysis window. Enter the plan
title as "Existing Conditions Run" and then press the OK button. You
will then be prompted to enter a short identifier. Enter a title of
"Existing" in the Short 1D box.

The next step is to select the desired flow regime for which the model
will perform calculations. For this example we will be performing
Subcritical flow calculations only. Make sure that Subcritical is the
selected flow regime. Additional job control features are available
from the Options menu bar, but none are required for this example.
Once you have defined a plan and set all the desired job control
information, the plan information should be saved. Saving the plan
information is accomplished by selecting Save Plan from the File
menu of the Steady Flow Analysis window.

Now that everything has been set, the steady flow computations can
be performed by pressing the Compute button at the bottom of the
Steady Flow Simulation window. Once the compute button has been
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pressed, a separate window will appear showing you the progress of
the computations. Once the computations have been completed, the
computation window can be closed by pressing the Close button at the
bottom of the window. At this time the Steady Flow Simulation
window can also be closed.

Viewing Graphical and Tabular Results

Once the model has finished all of the computations successfully, you
can begin viewing the results. Several output options are available
from the View menu bar on the HEC-RAS main window. These
options include:

e Cross section plots

e Profile plots

e General Profile Plot

e Rating curves

e X-Y-Z Perspective Plots

e Detailed tabular output at a specific cross section (cross section
table)

e Limited tabular output at many cross sections (profile table)

Let's begin by plotting a cross section. Select Cross Sections from
the View menu bar on the HEC-RAS main window. This will
automatically bring up a plot of the first cross section in Butte Cr., as
shown in Figure 4-11. Any cross section can be plotted by selecting
the appropriate river, reach, and river station from the list boxes at
the top of the cross section plot window. The user can also step
through the plots by using the up and down arrow buttons. Several
plotting features are available from the Options menu bar on the
cross section plot window. These options include: zoom in; zoom out;
selecting which plans, profiles and variables to plot; and control over
lines, symbols, labels, scaling, and grid options.
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Figure 4-11 Cross section plot for Example Application

Select different cross sections to plot and practice using some of the
features available under the Options menu bar.

Next let's plot a water surface profile. Select Water Surface Profiles
from the View menu bar on the HEC-RAS main window. This will
automatically bring up a water surface profile plot for the first reach,
which is Butte Cr. in our example. To plot more than one reach, select
Reaches from the Options menu bar on the profile plot. This option
brings up a list of available rivers and reaches from which to choose.
Select the Upper and Lower reaches of the Fall River. This should give
you a profile plot as shown in Figure 4-12. Plot the additional profiles
that were computed and practice using the other features available
under the Options menu bar on the profile plot.
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Figure 4-12 Example profile plot for multiple water surfaces

Now let's plot a computed rating curve. Select Rating Curves from
the View menu on the HEC-RAS main window. A rating curve based
on the computed water surface profiles will appear for the first cross
section in Butte Cr., as shown in Figure 4-13. You can look at the
computed rating curve for any location by selecting the appropriate
river, reach, and river station from the list boxes at the top of the plot.
Plotting options similar to the cross section and profile plots are
available for the rating curve plots. Plot rating curves for various
locations and practice using the available plotting options.
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Figure 4-13 Computed rating curve for Example Application

Next look at an X-Y-Z Perspective Plot of the river system. From the
View menu bar on the HEC-RAS main window, select X-Y-Z
Perspective Plots. A multiple cross section perspective plot should
appear on the screen. From the Options menu, select Reaches. A
pop up window will appear allowing you to select which rivers and
reaches you would like to have on the plot. Press the Select All
button and then the OK button. Also, under the Options menu, select
the Profiles option. Select profile two to be plotted from the three
available profiles. Once you have selected these options, and X-Y-Z
perspective plot should appear on the screen, similar to the one shown
in Figure 4-14. Try rotating the perspective view in different
directions, and select different reaches to look at.

Now let's look at some tabular output. Go to the View menu bar on
the HEC-RAS main window. There are two types of tables available, a
detailed output table and a profile summary table. Select Detailed
Output Tables to get the first table to appear. The table should look
like the one shown in Figure 4-15. This table shows detailed hydraulic
information at a single cross section. Other cross sections can be
viewed by selecting the appropriate reach and river mile from the
table.

Now bring up the profile summary table. This table shows a limited
number of hydraulic variables for several cross sections. There are
several types of profile tables listed under the Std. Tables menu bar
of the profile table window. Some of the tables are designed to
provide specific information at hydraulic structures (e.g., bridges and
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File Options

culverts), while others provide generic information at all cross
sections. An example of this type of table is shown in Figure 4-16.

Upstream RS:

Downstream RS:

Rotation Angle 0
Azimuth Angle 39 =

 13fa]m(e) 1 | _sdoatona |
I jv

Existing Conditions Run
November 1585 Flood Event

Legend

[ —
WS 50 yr
Ground

-
Bank Sta

Figure 4-14 X-Y-Z perspective plot for three reaches
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E Cross Section Outp |
Eile Type Options Help

River: IButte cr. ;l Profile: IEUW ;I

Reach [Tributary ~| rRs: o2 ~] ¥ 1 ~|

Plan: Existing Butte Cr.  Tributary RS: 0.2
E.G. Elev (ft) 82,45 | Element LeftoB |  Channel | RightOB

Vel Head (ft) 0.18 | Wt n-val, 0.070 0.070
W.5. Elev (ft) 32,30 | Reach Len. (ft) 500,00 500,00 500,00
Crit W.5. (ft) Flow Area (sq fit) 52,16 127.04 10,60
E.G. Slope (ft/ft) 0.001175 | Area (sq ft) 52,16 127.04 10,60
Q Total (cfs) 500.00 | Flow (cfs) 44,91 449,30 5.79
Top Width (ft) 71.66 | Top Width (ft) 40,38 15,00 16,28
Vel Total (ftfs) 2.63 | Awvg. Vel. (ftfs) 0.86 3.54 0.55
Max Chl Dpth (ft) 12,30 | Hydr. Depth (ft) 1,29 3.47 0,65 |
Conv. Total (cfs) 14581.0 | Conv. {cfs) 1309.58 13102.5 168.7
Length wid. (ft) 500.00 | Wetted Per. (ft) 40,53 27.46 16.33 | |
Min Ch El (ft) 70,00 | Shear {Jbjsq ft) 0.09 0.34 0.05
Alpha 1.63 | Stream Power (Ib/ft s) 0.08 1.20 0.03
Frctn Loss (ft) 0.58 | Cum Volume (acre-ft) 1.28 3.28 0.35
C &E Loss (ft) 0.00 | Cum SA (acres) 0.592 0.34 0,35

Errors, Warnings and Notes

Conveyance weighted Manning's n for the main channel,

Figure 4-15 Detailed tabular output for a cross section

Profile Output Table - Standard Table P

Eile QOptions 5td, Tables Locations Help

S Plan: Existing  Profile: 50 yr Reload Data I

River Reach River Sta |Profile Q Total | Min Ch El |W.5. Elev| Crit W.5. |E.G. Elev |E.G. Slope| Vel Chnl |Flow Area | Top Width | Frai
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ftjs) | (sqft) (ft)
Fall River |Upper Reach| 10 50 yr 2000,00% 70.00 81.61 81.84 0.000645 4.31 751,24 232,22
Fall River |Upper Reach|9.9 50 yr 2000.00 659.50 81.31 81,53 0.00059% 4.21 754.62 213.35
Fall River |Upper Reach|9.8 50 yr 2000.00 59,10 80.97 31,22 0.000630 4.34 &390, 50 178.78
Fall River |Lower Reach|9.79 50 yr 2500.00 69.00 80,92 31,18 0.000640 4,49 839,20 214,62
Fall River |Lower Reach|9.7 50 yr 2500.00 68,50 30.75 80,92 0.000360 3.51 1094.31 258,24
Fall River |Lower Reach|9.6 50 yr 2700.00 68,20 80.55 80,72 0.000400 3.73) 1117.55 258.43
Fall River |Lower Reach|9.5 50 yr 2700.00 68,00 30.35 74.21 30,52 0.000400 3.73) 1117.53 258,43
Butte Cr. | Tributary 0.2 50 yr 500.00 70.00 32.30 32,48 0.001178 3.54 189.80 71.66
Butte Cr. | Tributary 0.1 50 yr 500.00 69,40 31.72 31.89 0.001154 3.52 190,95 71.88
Butte Cr. | Tributary 0.0 50 yr 500.00 63,10 31.01 31,23 0.001494 3.856 163.04 &4.69
(] O

’TOE| flow in cross section.

Figure 4-16 Tabular output in profile format
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Printing Graphics and Tables

All of the plots and tables can be sent directly to a printer/plotter or
passed through the Windows clipboard to another program (e.g., a
word processor). The printer or plotter that gets used is based on
what you currently have selected as the default printer for Windows.
The user has the ability to change many of the default printer settings
(e.g., portrait to landscape) before printing occurs.

Sending Graphics Directly to the Printer
To send a graphic to the printer/plotter, do the following:

6. Display the graphic of interest (cross section, profile, rating curve,
or river system schematic) on the screen.

7. Using the available options (scaling, labels, grid, etc.), modify the
plot to be what you would like printed out.

8. Select Print from the File menu of the displayed graphic. Once
Print is selected, a Printer Options window will appear, giving the
user the opportunity to change any of the default printer settings.
Once you have the print settings the way you want them, press the
Print button on the Printer Options window and the plot will
automatically be sent to the Windows Print Manager. From that
point the Windows Print Manager will control the printing.

Sending Graphics to the Windows Clipboard

To pass a graphic to the Windows clipboard and then to another
program, do the following:

9. Display the graphic of interest on the screen.

10. Using the available options, modify the plot to be what you want it
to look like.

11. Select Copy to Plot Clipboard from the File menu of the
displayed graphic. The plot will automatically be sent to the
Windows clipboard.

12.Bring up the program that you want to pass the graphic into (e.g.,
word processor). Select Paste from the Edit menu of the
receiving program. Once the graphic is pasted in, it can be resized
to the desired dimensions.

Sending Tables Directly to the Printer
To send a table to the printer, do the following:

13. Bring up the desired table from the tabular output section of the
program.
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14. Select Print from the File menu of the displayed table. Once the
Print option is selected, a Printer Options window will appear.
Set any print options that are desired then press the Print button.
This will send the entire table to the Windows Print Manager. From
this point the Windows Print Manager will control the printing of the
table.

The profile type of table allows you to print a specific portion of the
table, rather than the whole thing. If you desire to only print a portion
of the table, do the following:

15. Display the desired profile type table on the screen.

16. Using the mouse, press down on the left mouse button and
highlight the area of the table that you would like to print. To get
an entire row or column, press down on the left mouse button
while moving the pointer across the desired row or column
headings.

17. Select Print from the File menu of the displayed table. Only the
highlighted portion of the table and the row and column headings
will be sent to the Windows Print Manager.

Sending Tables to the Windows Clipboard

To pass a table to the Windows clipboard and then to another
program, do the following:

18. Display the desired table on the screen.

19. Select Copy to Clipboard from the File menu of the displayed
table.

20.Bring up the program that you want to pass the table into. Select
Paste from the Edit menu of the receiving program.

Portions of the profile table can be sent to the clipboard in the same
manner as sending them to the printer.

Practice sending graphics and tables to the printer and the clipboard
with the example data set that you currently have open.

Exiting the Program

Before you exit the HEC-RAS software, make sure you have saved all
the data. This can be accomplished easily by selecting Save Project
from the File menu on the HEC-RAS main window. Any data
(geometric, flow, and plan data) that have not been saved will
automatically be saved for you.

To exit the HEC-RAS software, select Exit from the File menu of the
HEC-RAS main window. The program will prompt you to save the
project if the data have not been saved previously.
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CHAPTER 5

Working with Projects

To create a river hydraulics application with HEC-RAS, you work with
projects. A project is a collection of files that are used to build a
model. This chapter describes projects and how you build and manage
the project files.

Contents

e Understanding Projects

e Elements of a Project

e Creating, Opening, Saving, Renaming, and Deleting Projects
e Project Options

Understanding Projects

As you develop an application, the management of all the files that get
created is accomplished through the user interface. When a new
project is started, the user is requested to enter a title and filename
for the project. All other data are automatically stored by the user
interface using the same name as the project file (e.g. filename.prj),
except for the three character extension. A project consists of:

e One Project file (.PRJ)

e One file for each Plan (.PO1 to .P99)

e One Run file for each steady flow plan (.RO1 to .R99)

e One Run file for each unsteady flow plan (.X01 to .X99)

e One Output file for each plan (.O01 to .099)

e One file for each set of Geometry data (.GO1 to .G99)

e One corresponding HDF5 file for each geometry file (.g01.hdf)

e One file for each set of Steady Flow data (.FO1 to .F99)

e One file for each set of Unsteady Flow data (.UO1 to .U99)

e One file for each set of Quasi-Unsteady Flow data (.qO1 to .q99)
e One file for each set of Sediment data (.S01 to .S99)

e One file for each set of Hydraulic Design data (.HO1 to .H99)

e One RAS Mapper file if you are using spatial terrain data (.rasmap)

e One file for each set of Sediment Transport Capacity data
(.SedCap01 to .SedCap99)

e One file for each set of SIAM Input Data (.HO1l.SiamInput to
.H99.SiamInput)
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e One file for each set of SIAM Output (.HO1.SiamOutput to
.H99.SiamOutput)

e One file for each set of Water Quality data (.W01 to .W99)

e One Log file per project (.log)

e One text file for each plan executed, containing the computational

messages that come out on the computation window
(.comp_msgs.txt)

After unsteady flow computations are performed, some additional files
will get created during the computations that are only used by the
software as intermediate files. These files are:

e One Boundary condition file for each plan executed (.b01 to .b99)
e One unsteady flow Log output file for project (.bco)

e One geometric pre-processor output file for each set of Geometry
data (.cO1 to .c99)

e One detailed computational level output file for each plan, if user
turns this option on (.hyd01 to .hyd99)

e One initial conditions file for each unsteady flow plan executed
(.1C.001 to .IC.099)

e One binary log file for each plan executed. Used only by the user
interface (.pO1.blf to .p99.blif)

e One restart file (Hot start) for each unsteady flow plan. This will
only show up if the user turns on the option to write it (.pOl.rst to
.p99.rst)

e One HDF5 binary Output file for each plan that gets executed
(.p01.hdf to .p99.hdf). This is the file that RAS Mapper uses for
getting HEC-RAS computed results to then visualize as inundation
maps and other spatial data displays.

After sediment transport computations are performed, some additional
files will get created during the computations that are only used by the
software as intermediate files. These files are:

e One detailed sediment output file for each plan (.sed01 to .sed99)

e One header file for the cross section output for each plan
(.SedHeadXS01 to . SedHeadXS99)

e One cross section output file for each plan (.SedXS01 to .SedXS99)

After water quality computations are performed, some additional files
will get created during the computations that are only used by the
software as intermediate files. These files are:

e One water quality log file per plan executed (.bc0O1 to .bc99)

e One water quality restart file per plan executed (.pOl.wqgrst to
.p99.wgrst)

e One water quality color scale file for each project (.color_scales)

The Project File contains: the title of the project; the units system of
the project; a list of all the files that are associated with the project;
and a list of default variables that can be set from the interface. Also
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included in the project file is a reference to the last plan that the user
was working with. This information is updated every time you save
the project.

Elements of a Project

The following sections describe the various types of files that can be
included in a project. All of these files are either created by the user
interface or the various computation engines. The modeler interacts
with the data through the user interface, and is not required to create
or edit any of these files directly.

Plan Files

Plan files have the extension .PO1 to .P99. The "P" indicates a Plan
file, while the number represents the plan number. As plans are
created, they are numbered from 01 to 99. The plan file contains: a
description and short identifier for the plan; a list of files that are
associated with the plan (e.g., geometry file and steady flow file); and
a description of all the simulation options that were set for the plan.
The plan file is created automatically by the interface each time the
user selects New Plan or Save Plan As from the simulation windows.

Run Files

Run files have the extension .RO1 to .R99. The "R" indicates a Run
file, while the number represents an association to a particular plan
file. A file with an extension of .RO1 is the run file that corresponds to
the plan file with the extension .PO1. The run file contains all of the
necessary data to perform the computations that are requested by the
associated plan file. For example, if a steady flow analysis is
requested, the run file will contain geometry data, steady flow data,
and all the necessary computational options that are associated with
the plan file. The run file contains the input to any of the
computational engines available in the HEC-RAS system. The run file
is automatically generated by the interface whenever the user presses
the Compute button on the Simulation windows. The run file is in an
ASCII format, but it is not self explanatory.

Output Files

Output files have the extension .001 to .099. The "O" indicates an
Output file, while the number represents an association to a particular
plan file. A file with the extension .012 is the output file that
corresponds to the plan file with an extension .P12. The output file
contains all of the computed results from the requested computational
engine. For example, if a steady flow analysis is requested, the output
file will contain results from the steady flow computational engine.
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The output files are in a binary file format and can only be read from
the user interface.

Geometry Files

Geometry files have the extension .GO1 to .G99. The "G" indicates a
Geometry file, while the number corresponds to the order in which
they were saved for that particular project. Geometry files contain all
of the geometric data for the river system being analyzed. The
geometric data consist of: cross section information; hydraulic
structures data (e.g., bridges and culverts); coefficients; and modeling
approach information. The geometry data are stored in an ASCII
format. The file contains key words to describe each piece of data,
and is for-the-most-part self explanatory. A geometry file is created
by the user interface whenever the modeler selects New Geometry
Data or Save Geometry Data As from the Geometric Data window.

Steady Flow Data Files

Steady flow data files have the extension .FO1 to .F99. The "F"
represents that it is a steady Flow data file, while the number
corresponds to the order in which they were saved for that particular
project. Steady flow data files contain: the number of profiles to be
computed; flow data; and boundary conditions for each reach. The
steady flow data files are stored in an ASCII format. The file contains
key words to describe each piece of data, and is for-the-most-part self
explanatory. Steady flow data files are automatically created by the
user interface when the modeler selects New Flow Data or Save
Flow Data As from the Steady Flow Data window.

Unsteady Flow Data Files

Unsteady flow data files have the extension .UO1 to .U99. The "U"
represents that it is an unsteady flow data file, while the number
corresponds to the order in which they were saved for that particular
project. Unsteady flow data files contain: flow hydrographs at the
upstream boundaries; starting flow conditions; and downstream
boundary conditions. The unsteady flow data files are stored in an
ASCII format. The file contains key words to describe each piece of
data, and is for-the-most-part self explanatory. Unsteady flow data
files are automatically created by the user interface when the modeler
selects New Flow Data or Save Flow Data As from the Unsteady
Flow Data window.

Quasi-Unsteady Flow Data Files

Quasi-Unsteady flow data files have the extension .Q01 to .Q99. The
"Q" represents that it is a quasi-unsteady flow data file, while the
number corresponds to the order in which they were saved for that
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particular project. Quasi-Unsteady flow data files contain: flow
hydrographs at the upstream boundaries; starting flow conditions; and
downstream boundary conditions. The quasi-unsteady flow data files
are stored in an ASCII format. The file contains key words to describe
each piece of data, and is for-the-most-part self explanatory. Quasi-
Unsteady flow data files are automatically created by the user
interface when the modeler selects New Flow Data or Save Flow
Data As from the Quasi-Unsteady Flow Data window.

Sediment Data Files

Sediment data files have the extension .S01 to .S99. The "S"
represents that it is a Sediment data file, while the number
corresponds to the order in which they were saved for that particular
project. Sediment data files contain: flow data; boundary conditions
for each reach; and sediment data. The sediment data files are stored
in an ASCII format. The file contains key words to describe each piece
of data, and is for-the-most-part self explanatory. Sediment data files
are automatically created by the user interface when the modeler
selects New Sediment Data or Save Sediment Data As from the
Sediment Data editor.

Water Quality Data Files

Water Quality data files have the extension .w0O1 to .w99. The "w" in
the extension marks these files as water quality data files, while the
number corresponds to the order in which they were saved for that
particular project. Water Quality data files contain: temperature
boundary conditions for each reach, initial conditions, advection
dispersion parameters and meteorological data. The data files are
stored in an ASCII format. The file contains key words to describe each
piece of data, and is for-the-most-part self explanatory. Water quality
data files are automatically created by the user interface when the
modeler selects New Water Quality Data or Save Water Quality
Data As from the Water Quality Data window.

Hydraulic Design Data Files

Hydraulic design data files have the extension .HO1 to .H99. The "H"
represents that it is a Hydraulic design data file, while the number
corresponds to the order in which they were saved for that particular
project. Hydraulic design data files contain information corresponding
to the type of hydraulic design calculation that is requested. The
Hydraulic design data files are stored in an ASCII format. The file
contains key words to describe each piece of data, and is for-the most-
part self explanatory. Hydraulic Design data files are automatically
created by the user interface when the modeler selects New
Hydraulic Design Data or Save Hydraulic Design Data As from
the File menu of the Hydraulic Design Functions window.
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A schematic diagram of how the data files fit together is shown in
Figure 5-1 on the next page. In this example there are three plans in
the project. Each plan represents a specific set of steady flow data
and geometry data. In this example there are three geometry files
and one steady flow file. The first geometry file could represent the
existing conditions of the stream. The second and third geometry file
could represent some madification of that base geometry file, such as
adding a bridge or culvert crossing; a channel modification; different
roughness coefficients; or any other change to the base geometry file.
A plan is formulated by selecting a steady flow file and a geometry file,
and then saving that plan with a specific title and short identifier. For
more information about formulating plans, see Chapter 7 of the HEC-
RAS User’s Manual and Chapter 7 of the HEC-RAS Applications Guide.

Project File: filename.prj

e e

.
Geometry Data | | Geometry Data | | Geometry Data Steady Flow Data
filename.g01 filename.g02 filename.g03 filename.f01

\ AN

\ N 4 Y
Plan 1 Plan 2 P_Ian 3
filename.p01 filename.p02 filename.p03
Y A \d
Run File 1 Run File 2 Run File 3
filename.r01 filename.r02 filename.r03
A \ Y
Output File 1 Output File 2 Output File 3
filename.o01 filename.o02 filename.o03

Figure 5-1 Schematic of Project Data Files
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Creating, Opening, Saving, Renaming, and Deleting Projects

The following commands from the File menu of the HEC-RAS main
window allow you to create, open, save, rename, and delete projects.

File menu command

New Project

Open Project

Save Project

Save Project As

Rename Project

Delete Project

Project Summary

Description

Closes the current project, prompting you
to save the data if anything has been
changed. The user is then prompted to
enter a title and filename for the new
project.

Closes the current project, prompting you
to save the data if anything has been
changed. Opens an existing project and
all of the associated files.

Updates the project file and all other files
in which data have been modified.

Updates the project file and all other
associated data, saving all the information
to a new filename that you specify.

Allows the user to rename the title of the
currently opened project.

Deletes the project file and all other files
associated with the selected project. The
user is prompted to make sure that they
really want to delete all of the files.

Displays a summary of the project,
including: directory locations; project
plans; a list of the files contained in the
project; and currently opened Plan
Statistics (i.e. number of various
elements).

These commands are the same for all of the other data types that get
created by the user interface (Plan data, geometry data, steady flow
data, unsteady flow data, sediment data, and hydraulic design data).

Project Options

From the Options menu of the main HEC-RAS window, the user can set
several default project options. These options include: program setup
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options; setting default hydraulic variables; establishing the default
units system (English or Metric); and converting existing projects to a
different units system (English to Metric or Metric to English). The
following four options (and sub-options) are available from the
Options menu:

Program Setup

Default File Viewer: This option allows the user to change which program
is used for viewing the report generator and log file output. The default is the
Windows Write program. The user can change this to any file viewer on their
system.

Default Project Folder: This option allows the user to set the default
directory in which they want HEC-RAS to look for data files. When starting a
new project, or opening an existing one, the HEC-RAS file chooser has a
button to automatically switch the current directory to whatever the user has
set for the “Default Project Folder.”

Open last project: When this option is selected, the program will
automatically open the last project worked on, during startup.

Automatically backup data: When this option is checked, the program will
automatically make a backup of the currently opened project, plan, geometry,
and flow files. The backup files are updated at specific timed intervals, which
is user controlled. The backup files are stored in the \HEC\RAS directory,
with the titles RasBackup.prj, RasBackup.p01, RasBackup.g01, and as
Backup.fO1.

Set time for backup: This option allows the user to control the automatic
time interval between updating the backup files. The default value is 20
minutes.

Use 64-bit computation engines (when available): When this option is
selected, the software will use the 64 bit versions of the computational
engines, rather than the 32 bit versions. The operating system must be a 64
bit operating system for this to work. In general, the 64 bit versions of the
software will run faster than the 32 bit. Additionally, the 64 bit versions of
the software can access all of the RAM memory available on the machine,
which allows user to work on larger models that require more memory space.
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Default Parameters

Unit System

Convert Project Units

Convert Horizontal

Coordinate System

This option allows the user to set defaults for
some of the hydraulic variables.

This option allows the user to set the default
units system to either English or Metric. Once
the units system is set, the program assumes
that all input data are entered in that units
system. Likewise, the display of all output data
will be done in the default units system.

This option allows the user to convert an existing
project from one units system to another.
Projects can be converted from English to Metric
or from Metric to English.

This option allows the user to convert the
Horizontal coordinate system used in the project,
to another horizontal coordinate system.
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CHAPTER 6

Entering and Editing Geometric Data

Geometric data consist of establishing the connectivity of the river
system (River System Schematic), entering cross-section data,
defining all the necessary junction information, adding hydraulic
structure data (bridges, culverts, dams, levees, weirs, etc...), pump
stations, storage areas, and two-dimensional flow areas. The
geometric data is entered by selecting Geometric Data from the Edit
menu on the HEC-RAS main window. Once this option is selected, the
Geometric Data window will appear as shown in Figure 6-1. The
drawing area will be blank on your screen, until you have either drawn
in your own river system schematic or imported data from a GIS.

This chapter describes how to enter and edit all of the necessary
geometric data for a river system.

Contents

e Developing the River System Schematic

e Cross Section Data

e Stream Junctions

e Bridges and Culverts

e Multiple Bridge and/or Culvert Openings

e Inline Structures (Weirs and Gated Spillways)

e Lateral Structures (Weirs, Gates, Culverts, and Rating Curves)
e Storage Areas

e Two-Dimensional Flow Areas

e Storage Area/2D Flow Area Hydraulic Connections
e Pump Stations

e Cross Section Interpolation

e River Ice

e Viewing and Editing Data Through Tables

e Importing Geometric Data

e Geometric Data Tools

e Georeferencing an HEC-RAS Model

e Attaching and Viewing Pictures

e Saving the Geometric Data
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Developing the River System Schematic

Building the Schematic

Riwer
Rieach

—

The modeler develops the geometric data by either first drawing in the
river system schematic on the Geometric Data window (Figure 6-1) or
by importing geometric data from a GIS (See Chapter 14 for importing
GIS data). The River System Schematic is a diagram of how the
stream system is connected together. The river system is drawn on a
reach-by-reach basis, by pressing the River Reach button and then
drawing in a reach from upstream to downstream (in the positive flow
direction). Each reach is identified with a River Name and a Reach
Name. The River Name should be the actual name of the stream,
while the reach name is an additional qualifier for each hydraulic reach
within that river. A river can be comprised of one or more reaches.
Reaches start or end at locations where two or more streams join
together or spilt apart. Reaches also start or end at the open ends of
the river system being modeled.

% Geometric Data - test gemoetry "*_— - II- o B e
-
File Edit Options View Tables Tools GISTools Help
Tools| River Storage | 2DFlow 2nArea | z0fArea | Pump RS Description : FPlot WS extents for Profile:
Edit Reach FArea Frea Conn B Lines |Breaklined mannn | Station @ - m
s === DI | G| regons | || <7200 I B[
Jurct.
L
Cross
Section
Bidg/Culy
I \ "
SEu Reach 1 Tributary
Lateral
Structure
I SRR Junction 1
Area
2DFlow
FArea
SAl2DArea
Conn Reach 2
Bne
Pumgp
Station
HTah
Faram.
| view
Picture

o [

1.0010, 0.9918

Figure 6-1 Geometric Data Editor Window

Reaches are drawn as multi-segmented lines. Each reach must have

at least two points, defining the start and end of the reach. However,
it is more typical to draw a reach with several points that would follow
along the main channel invert of the stream (this can be accomplished

6-2




Chapter 6 Entering and Editing Geometric Data

by first loading a background map into the Geometric Data editor). To
draw a reach, first press the River Reach button at the top of the
Geometric Data editor, on the tools button bar. Move the mouse
pointer to the location on the drawing area that you would like to have
the reach begin (upstream end of the reach). Click the left mouse
button once to define the first point of the reach. Move the mouse and
continue to click the left mouse button to add additional points to the
reach. To end a reach, move the mouse pointer to the location in
which you would like the last point of the reach to be located, then
double click the left mouse button. After the reach is drawn, the user
is prompted to enter the River Name and the Reach Name to
identify the reach. The river and reach identifiers are limited to
sixteen characters in length. If a particular River Name has already
been entered for a previously defined reach of the same river, the user
should simply select that river name from the list of available rivers in
the river name text box. As reaches are connected together,
Junctions are automatically formed by the interface. The modeler is
also prompted to enter a unique identifier for each junction. Junctions
are locations where two or more streams join together or split apart.
Junction identifiers are also limited to sixteen characters. An example
of a simple stream system schematic is shown in Figure 6-1.

In addition to river reaches, the user can draw Storage Areas, 2D
Flow Areas, Storage Area/2D Flow Area Connections, Storage
Area/2D Flow Area Boundary Condition Lines, and Pump
Stations. A storage area is used to define an area in which water can
flow into and out of. The water surface in a storage area is assumed
to be a level pool. Storage areas can be connected to river reaches as
well as other storage areas. The user can connect a storage area
directly to the end of a reach or it can be connected to a reach by
using the lateral structure option. To connect a storage area to the
end of a river reach, simply draw or move the end point of a reach
inside of the storage area. Storage areas can be connected to other
storage areas hydraulically by using the SA/2D Area Conn option.
Storage Area/2D Flow Area connections consist of culverts, gated
spillways and a weir. The user can set up a Storage Area/2D Flow
Area Connection as just a weir, a weir and culverts, or a weir and
gated spillways.

To draw a Storage Area, select the storage area button at the top of
the geometric editor window. Storage areas are drawn as polygons.
Move the mouse pointer to the location in which you would like to start
drawing the storage area. Press the left mouse button one time to
start adding points to define the storage area. Continue using single
left mouse clicks to define the points of the storage area. To end the
storage area, use a double left mouse click. The storage area will
automatically be closed into a polygon. Once you have finished
drawing the storage area, a window will appear asking you to enter a
name for the storage area. To enter and edit the data for a storage
area, use the storage area editor button on the left panel of the
geometric data window.

To draw a 2D Flow Area, select the 2D Flow Area button at the top of
the geometric editor window. 2D Flow areas are drawn as polygons,
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just like storage areas. Move the mouse pointer to the location in
which you would like to start drawing the storage area. Press the left
mouse button one time to start adding points to define the storage
area. Continue using single left mouse clicks to define the points of
the storage area. To end the 2D Flow Area, use a double left mouse
click. The 2D Flow Area will automatically be closed into a polygon.
Once you have finished drawing the 2D Flow Area, a window will
appear asking you to enter a name. To enter and edit the data for a
2D Flow Area, use the 2D Flow Area editor button on the left panel of
the geometric data window.

To enter a Storage Area/2D Flow Area Connection, select the SA/2D
Area Conn button at the top of the Geometric data editor (this is a
hydraulic structure that can be used to connect two storage areas, a
storage area to a 2D Flow Area, or two 2D Flow Areas). Move the
mouse pointer to the location of left end of the hydraulic structure.
SA/2D Area Connections should be drawn from left to right looking in
the positive flow direction. Click the left mouse pointer one time to
start the drawing of the SA/2D Area Connection. You can continue to
use single mouse clicks to add as many points as you want into the
line that represents the SA/2D Area Connection. When you want to
end the line, double click the mouse pointer. A window will pop up
asking you to enter a name for the SA/2D Area Connection. The
direction in which you draw the structure is important for establishing
the positive flow direction for the flow. If you want the program to
output positive flow when the flow is going from one area to another
area, then you must draw from left to right looking in the positive flow
direction. If flow happens to go in the other direction during the
calculations, that flow will be output as negative numbers. To enter
and edit the data for a SA/2D Flow Area connection use the SA/2D
Area Conn data editor on the left panel of the geometric data window.

To add boundary conditions directly to a 2D Flow Area or a Storage
Area, select the SA/2D Area BC Lines button at the top of the
Geometric data editor. Move the mouse point to the area of the outer
boundary of the 2D Flow Area (or Storage Area) in which you would
like to start the boundary condition line. Then click the left mouse
pointer one time to start the drawing of the boundary condition line.
You can continue to use single mouse clicks, along the outer boundary
of the 2D Flow Area, to add as many points as you want into the line
that represents the boundary condition. When you want to end the
boundary condition line, place the mouse pointer over the location of
where you want the line to end, and then double click the mouse
pointer. A window will pop up asking you to enter a name for the
boundary condition line. These boundary condition lines will show up
in the Unsteady Flow Data editor, and will require you to select a
boundary condition type (Flow Hydrograph, Rating Curve, or Stage
Hydrograph) and enter the necessary data.

Pump stations can be connected between two storage areas, between
a storage area and a river reach, or between two river reaches. To
add a pump station to the schematic, click the Pump Station button
at the top, under the tools button bar, and then left click on the
schematic at the location where you want to place the pump station.
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To connect the pump station, either left click over top of the pump
station and select edit, or just click on the pump station editor from
the edit tool bar. Connecting pumps is accomplished by picking from
and to locations from the pump data editor.

Adding Tributaries into an Existing Reach

If you would like to add a tributary or bifurcation into the middle of an
existing reach, this can be accomplished by simply drawing the new
reach, and connecting it graphically to the existing reach at the
location where you would like the new junction to be formed. This is
accomplished by ending the new river reach (tributary) right on top of
the location of the main river, where you want the new Junction to be
formed. Once the new reach is connected into the middle of an
existing reach, you will first be prompted to enter a River and Reach
identifier for the new reach. After entering the river and reach
identifiers, you will be asked if you want to "Split" the existing reach
into two reaches. If you answer "yes", you will be prompted to enter a
new Reach identifier for the lower portion of the existing reach (the
original reach name is kept for the upper portion of the reach) and a
Junction name for the newly formed stream junction.

Editing the Schematic

There are several options available for editing the river system
schematic. These options include: changing labels; moving
Points/objects (such as labels, junctions, points in a reach or cross
section, and 2D area cell centers); adding points (to a reach, cross
section, storage area, 2D area boundary, and 2D Flow Area cell
centers); deleting points; editing the schematic lines and symbols (line
and point types and colors); changing the reach and river station text
color; deleting entire reaches, junctions, storage areas/2D Flow Areas,
storage area connections, pumps, nodes (cross sections,
bridges/culverts, inline structures, lateral structures), and SA/2D Area
boundary condition lines. Editing functions for the schematic are
found under the Edit menu of the geometric data window. When a
specific editing function is selected, the interaction of the user with the
schematic is restricted to performing that type of operation. When the
user is finished performing that editing function they should turn off
that editing function by selecting it again from the Edit menu. When
none of the editing functions are turned on, the schematic goes back
to the default mode of interaction. The default interaction mode for
the schematic is described in the "Interacting with the Schematic"
section of this document. A description of each editing function
follows:

Change Name: This option allows the user to change the identifiers
of any reach or junction. To change an identifier, you must be in the
Change Name edit mode. This is accomplished by selecting the
Change Name option from the Edit menu. Once you are in the
Change Name edit mode, you then select the particular label that you
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would like to change by clicking the left mouse button over that label.
When a label is selected, a pop up window will appear allowing you to
enter a new label. The user can continue to change names by simply
selecting the next label to be changed. The Change Name option can
only be turned off by re-selecting it from the edit menu or by selecting
any other edit option.

Move Points/Objects: This option allows you to move any label,
junction, points in the stream centerline of a reach, points defining the
layout of cross sections, storage areas, 2D Flow Area boundaries, and
2D Flow Area cell centers. This is accomplished by first selecting
Move Object from the Edit menu, then selecting the particular object
that you would like to move. To select an object and then move it,
simply place the mouse pointer over the object, then press the left
mouse button down. Move the object to the desired location and then
release the left mouse button. The Move Object option will remain in
effect until the user either turns it off (which is accomplished by re-
selecting it) or selects any other edit option.

Add Points: This option allows the user to add additional points to the
line that defines a reach, cross section, storage area, 2D flow area
boundaries, and 2D flow Area cell centers. This allows the user to
make the schematic be drawn spatially correct as it would be on a
map, as well as modify the 2D Flow Area mesh computational cells .
To add additional points, first select Add Points from the Edit menu.
Move the mouse pointer to the location in which you would like to add
an additional point on the reach line, then click the left mouse button.
After you have finished adding points to a reach, you can move them
around by selecting the Move Object option from the Edit menu. To
turn the "Add Points" mode off, simply re-select it from the Edit menu,
or select any other edit function.

Remove Points: This option allows the user to remove points from a
reach line, cross section line, storage area, 2D flow area boundary, or
2D Flow Area cell centers. To use this option, first select Remove
Points from the Edit menu. Move the mouse pointer over the point
that you would like to delete and then click the left mouse button.
This option can only be turned off by either re-selecting the option
from the Edit menu or by selecting another edit function.

Lines and Symbols: This option allows the user to change the line
and symbol types, colors, and widths for the information on the stream
system schematic. When this option is selected a window will appear
that shows each line type being used in the schematic. The user can
select a particular line type, then change the properties of that line.

Reach and RS Text Color: This option allows the user to change the
color of the text for reaches and river stations plotted on the
schematic. The default color is black.

The Edit menu contains an option labeled Delete. The Delete menus
has several submenus in order to delete the following objects.

Delete Reach: This option is used to delete a reach. This is
accomplished by selecting the Delete Reach option from the Edit
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menu. A list box containing all the available reaches will appear
allowing you to select those reaches that you would like to delete.
Warning - Be careful when you delete reaches. When you
delete a reach, all of its associated data will be deleted also.

Delete Junction: This option is used to delete a junction. This is
accomplished by selecting the Delete Junction option from the Edit
menu. A list box containing all the available junctions will appear
allowing you to select those junctions that you would like to delete.

Delete Storage Areas/2D Flow Areas: This option is used to delete
a storage area or a 2D Flow Area. This is accomplished by selecting
Delete Storage Areas/2D Flow Areas from the Edit menu. A
selection box will appear allowing you to pick the storage areas or 2D
Flow Areas that you would like to delete.

Delete SA/2D Area Connections: This option is used to delete a
storage area or a 2D Flow Area hydraulic connection. This is
accomplished by selecting the Delete SA/2D Area Connections
option from the Edit menu. A list box containing all the available
storage area and 2D Flow Area connections will appear allowing you to
select the ones that you would like to delete.

Delete Pump Station: This option allows the user to select one or
more pump stations to be deleted from the schematic. This is
accomplished by selecting Delete Pump Station from the Edit menu.
A list box containing all the available pump stations will appear
allowing you to select the ones that you would like to delete.

Delete Nodes (XS, Bridges, Culverts, etc...): This option allows
the user to delete multiple locations at one time. For example, you
can delete multiple cross sections at one time with this option. When
this option is selected, a window will appear allowing you to select all
of the nodes (cross sections, bridges, culverts, Inline structures,
lateral structures, etc.) that you would like to delete.

Delete SA/2D Flow Area Boundary Condition lines: This option is
used to delete a storage area or a 2D Flow Area Boundary Condition
lines (BC Lines). This is accomplished by selecting the Delete SA/2D
Area Boundary Condition lines option from the Edit menu. A list
box containing all the available storage area and 2D Flow Area
boundary condition lines will appear allowing you to select the ones
that you would like to delete.

Delete 2D Flow Area Breaklines: This option allows the user to
delete previously drawn 2D Flow Area Breaklines.

Delete 2D Flow Manning’s Regions: This option allows the user to
delete previously drawn 2D Flow Area Manning’s n value regions.
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Interacting With the Schematic

In addition to modifying the river schematic, there are options
available from the View menu to zoom in, zoom previous, zoom out,
full plot, pan, set schematic plot extents, and to display or not, many
of the river system schematic labels. Additionally, the user has the
ability to use the mouse to interact with the schematic. This is
accomplished by moving the mouse pointer over an object (river reach
line, junction, bridge, culvert, etc...) on the schematic and pressing
down the left mouse button. Once the left mouse button is pressed
down, a popup menu will appear with options that are specific to that
type of object. For example, when the left mouse button is pressed
down over a cross section, a menu will appear allowing the user to
select options to: edit the cross section, plot the cross section, plot the
profile for the reach that the cross section is in, display tabular output
for the cross section, and plot the computed rating curve for that cross
section.

Another way of interacting with the schematic is to press the right
mouse button while the mouse pointer is located anywhere over the
schematic drawing area. This will bring up a popup menu that is
exactly the same as the View menu at the top of the drawing. This
option is providing for convenience in getting to the View menu
options.

Cool Graphics Window Tools: Most of the HEC-RAS graphical
windows have some cool short cut tools. These tools include the
following options:

Measuring Tool: On any of the graphical windows (Geometric
Schematic, Profile Plot, Cross Section Plot, etc...) if you hold down the
Cntrl Key, you will get a measuring tool. The measuring tool can be
used to draw multi-point lines (polyline) on the graphic window. To
draw a polyline, hold down the Cntrl Key and then use single clicks of
the left mouse button to start and add points to the line. Double click
the left mouse button to end the line. Once you end the line, a
window will pop up giving you information about that line, such as: the
length of the line; the area if the first and last point were connected to
form a polygon; the X-axis length; the Y-axis length; and the slope of
the line (dx/dy, from the first point to the last point). Additionally, the
X and Y coordinates of the line get sent to the Windows Clipboard, so
you can paste those coordinates into a table of some other application.
This is a very handy feature for digitizing the coordinates of a cross
section, measuring a length, or estimating a slope (i.e. on the profile

plot).

Pan Tool: When you are zoomed in on the graphic within a window, if
you hold down the Shift Key, the mouse pointer will change to a hand
icon, and you can pan the graphic window. Releasing the Shift Key
will change the mouse point back to the original icon.

Mouse Wheel Feature: Now on any of the HEC-RAS graphical
windows, the mouse wheel can be used to Zoom In and Zoom Out.
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Additionally the graphic will be re-centered based on where the mouse
pointer is when using the mouse wheel to zoom in and out.

The following is a list of options available from the View menu:

Zoom In: This option allows the user to zoom in on a piece of the
schematic. This is accomplished by selecting Zoom In from the View
menu, then specifying the area to zoom in on with the mouse.
Defining the zoom area is accomplished by placing the mouse pointer
in the upper left corner of the desired area. Then press down on the
left mouse button and drag the mouse to define a box containing the
desired zoom area. Finally, release the left mouse button and the
viewing area will display the zoomed in schematic. Also displayed will
be a small box in the upper right corner of the viewing area. This box
will contain a picture of the entire schematic, with a rectangle defining
the area that is zoomed in. In addition to showing you where you are
at on the schematic, this zoom box allows you to move around the
schematic without zooming out and then back in. To move the
zoomed viewing area, simply hold down the left mouse button over the
rectangle in the zoom box and move it around the schematic. The
zoom box can also be resized. Resizing the zoom box is just like
resizing a window.

Zoom Previous: When this option is selected the program will go
back to the previously defined viewing window of the schematic. For
example, if the user zooms in on the display window of the geometric
data editor, then selects the Zoom Previous option, the schematic
drawing area will be put back to the previous display area before the
last zoom in. The Zoom Previous option will remember up to the last
10 drawing rectangles displayed in the schematic window, so the user
can select this option several times in a row to get back to a previous
view.

Zoom Out: This option zooms out to an area that is twice the size of
the currently zoomed in window. Zooming out is accomplished by
selecting Zoom Out from the View menu on the geometric data
window.

Full Plot: This option re-draws the plot to its full original size. The
Full Plot option is accomplished by selecting Full Plot from the View
menu on the geometric data window.

Pan: This option allows the user to move around when in a zoomed in
mode. The pan option is accomplished by selecting Pan from the
View menu of the geometric data window. When this option is
selected, the mouse pointer will turn into a hand. Press the left mouse
button and hold it down, then move the mouse. This will allow the
user to move the zoomed in graphic. To turn the pan mode off, re-
select the pan option from the view menu. A short cut way to use the
pan option is to simply hold down the Shift Key while the mouse is
over the schematic. This will change the pointer to a hand graphic.
Hold down the left mouse button and move the graphic. To stop
panning, and change the pointer back to normal, release the Shift key.
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Set Schematic Plot Extents: This option allows the user to set the
extents of the viewing area for the river system schematic. The user
can enter a specific coordinate system, or utilize the default data
system. The default data plot extents are from O to 1 for both the X
and Y axis.

Find: This option allows the user to have the interface locate a
specific feature on the schematic. This is especially useful when very
large and complex river systems are being modeled.

The following View menu options can be found on a new popup
window by selecting View, then View Options. When View Options
is selected, a window labeled Geometry Plot Options will appear that
will allow you to toggle various objects on and off, such as: cross
section properties; storage area/2D flow area properties; and Text
labels.

Cross Section Properties:

Bank Stations: This option allows the user to display the main
channel bank stations on the cross section lines of the schematic. This
is accomplished by checking Display Bank Stations from the
Geometry Plot Options window.

Ineffective Areas: This option allows the user to display the location
of ineffective flow areas on top of the cross section lines of the
schematic. This is accomplished by selecting Display Ineffective
Areas from the Geometry Plot Options window.

Levees: This option allows the user to display the location of levees
on the cross section lines of the schematic. This is accomplished by
selecting Display Levees from the Geometry Plot Options window.

Obstructions: This option allows the user to display the location of
blocked obstructions on the cross sections lines of the schematic. This
is accomplished by selecting Display Obstructions from the
Geometry Plot Options window.

XS Direction Arrows: This option allows the user to display arrows
along the cross sections in the direction in which they were extracted.
This option is useful when you have coordinates defined for the cross
section, such that the software can detect the direction that the cross
section was extracted. Cross-sections are supposed to be entered
from left to right while looking downstream. If a cross section has not
been entered in this manner, it should be reversed. HEC-RAS has an
option to reverse the cross section stationing. This option can be
found under the Tools menu bar of the geometric data editor. To
display the cross section direction arrows, select Display XS
Direction Arrows from the Geometry Plot Options window.

Display Ratio of Cut Line Length to XS Length: This option will
display a ratio next to each cross section. The ratio represents the
length of the cross section cut line (based on the GIS coordinates)
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divided by the length of the cross section (based on station/elevation
points). If this number is greater than 1.0 then the GIS cross section
cut line is longer than the station/elevation points of the cross section.
If this number is less than 1.0, then the cross section cut line is
shorter than the length of the cross section station/elevation points.
When the value is exactly 1.0, then the cross section cut line and the
station elevations points are consistent with each other.

Storage Area/2D Flow Area Properties:

Fill in Storage Areas/2D Flow Areas: This option allows the user to
turn on and off the fill in color for the storage areas and the 2D Flow
Areas. Turning this off is very useful when a background picture is
loaded.

2D Flow Area Cell Points: This option turns on the black points that
represent the 2D Cell centers.

2D Flow Area Cell Point Numbers: This option turns on the
numbering scheme for the 2D Flow Area cells.

2D Flow Areas Boundary Face Point Numbers: This option allows
you to display the Face Point numbers of a 2D flow area on the
schematic. To use this option select 2D Flow Area Face Point
Numbering from the Geometry Plot Options window.

Display Break Lines Used in 2D Flow Areas: This option turns the
display of the 2D Flow Area Breaklines on and off.

Display Land Cover Calibration Regions: This option turns the
Land Cover regions on and off.

Text Labeles

Disable Text: HEC-RAS has several options for display text labels on
the river system schematic. This option will turn all of the text labels
off or on simultaneously. This option can be turned on or off by
selecting Disable Text from the Geometry Plot Options window.

River and Reach: This option allows the user to display text labels
for the River and Reaches. This is accomplished by selecting Display
River and Reach Text from the Geometry Plot Options window.

River Stationing: This option allows you to display river station
identifiers on the schematic. This is accomplished by selecting
Display River Stationing Text from the Geometry Plot Options
window.

Node Names: This option can be used to display and User entered
Node Names that may have been added to cross sections or hydraulic
structures. Node Names are longer text labels that can be added to
any node to further describe that location. User’s can add and change
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node names from the Tables menu option, then select Names, then
Node Names.

Storage Area/2D Flow Area Names: This option allows you to
display the text labels for storage areas and 2D Flow Areas. To use
this option select Display Storage Area/2D Flow Area Text from
the Geometry Plot Options window.

SA/2D Area Connection Names: This option allows you to display
the text labels for storage area connections. To use this option check
the SA/2D Area Connection Names from the Geometry Plot
Options window.

BC Line Names: This option allows the user to turn the text labels for
2D Flow Area boundary conditions on and off.

Breakline Names: This option allows the user to turn the text labels
for 2D Flow Area breaklines on and off.

Land Cover Region Names: This option allows the user to turn the
text labels for Land Cover Regions on and off.

Pump Station Names: This option allows the user to turn the text
labels for pump stations on and off.

Junction Names: This option allows you to display the text labels for
Junctions. To use this option select Junction Names from the
Geometry Plot Options window.

Results: This option allows the user to display water surface or flow
rate results, as numeric values, directly on the schematic. This option
works in conjunction with the “Plot WS extents for Profile” option,
which is available in the upper right hand corner of the Geometric Data
editor window. If a user first turns on a specific profile to plot for the
Plot WS extents for Profile option, then the computed water surface
extents will be plotted in blue on top of each cross section.
Additionally, if a user then checks either of the Results option from
the View menu, they can choose to have the interface also plot
numeric values for the cross section stage and flow rate, right next to
the text label of all the cross sections.

Highlight Active Node: This option will put a red circle around the
active node (cross section, bridge, culvert, etc...) on the river system
schematic. This option can be very handy when working with large
complex data sets. The active node changes every time the user
selects a new node from an editor or graphical plot.

Adjust Current Extents to Ensure Active Node is Visible: This
option will move the viewing area of the stream system schematic to
ensure that the active node is in the view. When fully zoomed out,
this option has no effect. When zoomed in, the viewing area will move
to show the active node. To turn this option on select Adjust Current
Extents to Ensure Active Node is Visible from the View menu.
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Background Map Layers/Pictures.

Another option available to users is the ability to display background
images and terrain data behind the river system schematic. To display
terrain data and other map layers in the Geometric data editor, the
user must use HEC-RAS Mapper to do the following:

1. Establish a Horizontal Coordinate Projection to use for your
model, from within HEC-RAS Mapper. This is normally done by
selecting an existing projection file from an ESRI shapefile or other
mapping layer.

2. Develop a terrain model in HEC-RAS Mapper. The terrain
model is a requirement for 2D modeling, as it is used to establish the
geometric and hydraulic properties of the 2D cells and cell faces. A
terrain model is also need in order to perform any inundation mapping
in HEC-RAS Mapper.

3. Build a Land classification data set within HEC-RAS Mapper in
order to establish Manning’s n values within the 2D Flow Areas
(Optional). Additionally HEC-RAS has option for user defined polygons
that can be used to override the Land Classification data or as
calibration zones.

4. Add any additional mapping layers that may be needed for
visualization, such as aerial photography, levee locations, road
networks, etc...

Once you have accomplished the necessary steps outlined above, then
you can display the terrain data and available map layers developed in
RAS Mapper within the Geometric data editor. This is accomplished by
selecting the Background Map Layer/Pictures button at the top of
the Geometry editor. Pressing this button will bring up a window
showing you the available Map Layers and terrain that can be turned
on or off by checking that layer.

Cross Section Data

After the river system schematic is completed, the next step for the
modeler is to enter the cross section data. Cross section data
represent the geometric boundary of the stream. An accurate
representation of the stream channel and the overbank area
(floodplain) are absolutely necessary to create an accurate hydraulics
model. Cross sections are located at relatively short intervals along
the stream to characterize the flow carrying capacity of the stream
channel and its adjacent floodplain. Cross sections are required at
representative locations throughout the stream and at locations where
changes occur in discharge, slope, shape, roughness, at locations
where levees begin and end, at hydraulic structures (bridges, culverts,
inline weirs/spillways, and lateral weirs/spillways), and closely spaced
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around stream junctions. Cross sections can be entered by hand in the
Geometric editor, or they can be extracted from terrain data within a
GIS (i.e. ArcGIS using the HEC-GeoRAS add in).

Entering Cross Section Data

Crogz
Section

To enter cross section data directly in the Geometric Data editor, the
user presses the Cross Section button on the Geometric Data window
(Figure 6-1). Once the cross section button is pressed, the Cross
Section Data Editor will appear as shown in Figure 6-2 (Except yours
will be blank until you have added some data). To add a cross section
to the model, the user must do the following:

1. From the Cross Section Editor, select the river and the reach that
you would like to place the cross section in. This is accomplished
by pressing the down arrow on the River and Reach boxes, and
then selecting the river and reach of choice.

2. Go to the Options menu and select Add a new Cross Section
from the list. An input box will appear prompting you to enter a
river station identifier for the new cross section.

3. Enter all of the required data for the new cross section. Required
data is the data that is openly displayed in the cross section editor
window.

4. Enter any desired optional information (i.e., ineffective flow areas,
levees, blocked obstructions, etc.). Optional cross section
information is found under the Options menu.

5. Press the Apply Data button in order for the interface to accept
the data. The apply data button does not save the data to the
hard disk, it is used as a mechanism for telling the interface to use
the information that was just entered. If you want the data to be
saved to the hard disk you must do that from the File menu on the
geometric data window.

The required information for a cross section consists of: the river,
reach and river station identifiers; a description; X & Y coordinates
(station and elevation points); downstream reach lengths; Manning’s
roughness coefficients; main channel bank stations; and contraction
and expansion coefficients. All of the required information is displayed
openly on the Cross Section Data editor (Figure 6.2). A description of
this information follows:
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Figure 6-2 Cross Section Data Editor

Cross section data entered in the manner described above is not geo-
referenced (Does not have any horizontal coordinates describing its
spatial location on the earth). If you want to have a model that is
georeferenced, currently you must develop your model schematic and
object layout using HEC-GeoRAS and ArcGIS. Future versions of HEC-
RAS will allow you to do this directly inside of HEC-RAS using RAS
Mapper. Note: If you want to do any inundation mapping of the
model results, or if you want to use 2D Flow Areas, your model must
be georeferenced, and you must bring terrain data into HEC-RAS from
within HEC-RAS Mapper.

River, Reach, and River Station. The River and Reach boxes allow
the user to select a specific hydraulic reach from the available reaches
in the schematic diagram. The river and reach labels define which
reach the cross section will be located in. The River Station tag
defines where the cross section will be located within the specified
reach. The river station tag does not have to be the actual river
station of the cross section, but it must be a numeric value. Cross
sections are ordered in the reach from highest river station upstream
to lowest river station downstream. The up and down arrow buttons
next to the river station box can be used to sequentially move through
the river stations.

Description. The description box is used to describe the cross section
location in more detail than just the river, reach, and river station.
This box has a limit of 512 characters. The first line of information is
displayed, unless the button to the right of the box is pressed. Also,
the first 40 characters of the description can be used as a label for
cross section plots and tables.

Cross Section Coordinates. This table is used to enter the station
and elevation information of the cross section. Station and elevation
information is entered in feet (meters for metric). The cross section
stationing (x-coordinates) must be entered from left to right
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looking in the downstream direction. Cross section stationing
must be in increasing order. However, two or more stations can have
the same value to represent vertical walls.

Downstream Reach Lengths. The downstream cross section reach
lengths describe the distance between the current cross section and
the next cross section downstream. Cross section reach lengths are
defined for the left overbank, main channel, and the right overbank.
Cross section reach lengths are entered in feet (meters for metric).

Manning's n Values. At a minimum, the user must specify Manning's
n values for the left overbank, main channel, and the right overbank.
Alternative roughness options are available from the Options menu, in
which you can have haorizontally varying Manning’s n values (up to 20
across each cross section) and vertically varying Manning’s n values.

Main Channel Bank Stations. The main channel bank stations are
used to define what portion of the cross section is considered the main
channel and what is considered left and right overbank area. The bank
stations must correspond to stations entered on the cross section X &
Y coordinates table. If the user enters a value that does not
correspond to the station points of the cross section, the interface will
ask the user if they would like the value to be automatically
interpolated and added to the cross section data.

Contraction & Expansion Coefficients (Steady Flow). Contraction
and expansion coefficients are use to evaluate the amount of energy
loss that occurs because of a flow contraction or expansion. The
coefficients are multiplied by the change in velocity head from the
current cross section to the next downstream cross section. In other
words, the values entered at a particular cross section are used to
compute losses that occur between that cross section and the next
downstream cross section. Values entered at this location are used for
steady flow hydraulic computations only. Values for Unsteady Flow
modeling can be entered from the Tables menu of the Geometric data
editor.

Once all of the required data for the cross section are entered, make
sure you press the Apply data button to ensure that the interface
accepts the data that was just entered.

Plotting the Cross Section. A display of the cross section can be
seen directly from the cross section editor. Simply press the cross

section plot button at the top of the editor to either display or
un-display the cross section graphic.

Attaching and Viewing Pictures at Cross Sections. To attach or
view a previously attached picture to a cross section, press the picture
button at the upper right hand side of the cross section editor.
When this button is pressed, the picture viewer will pop up.
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You can attach a photo to a location, delete a picture, and view a
currently attached photo.

Graphical Cross Section Editing. To jump to the Graphical Cross
Section editor, press the button just to the right of the Apply Data

button. K"«E This will bring up the current cross section in the
Graphical Cross Section editor, and allow you to graphically edit it. To
learn more about Graphical Cross Section editing, view the section
called “Graphical Cross Section Editing” under the Geometric Data
Tools section of this manual.

Editing Cross Section Data

The bulk of the cross section data is the station and elevation
information. There are several features available under the Edit menu
to assist the user in modifying this information. These features include
the following:

Undo Editing. This editing feature applies to all of the information on
the cross section data editor. Once data has been entered and the
Apply Data button has been pressed, the Undo Editing feature is
activated. If any changes are made from this point, the user can get
the original information back by selecting the Undo Edit option from
the Edit menu. Once the Apply Data button is pressed, the new
information is considered good and the Undo Edit feature is reset to
the new data.

Cut, Copy, and Paste. Cut, Copy, and Paste features are available
for the station and elevation information on the cross section editor.
These features allow the user to pass cross section station and
elevation data to and from the Windows Clipboard. To use this
feature, first highlight a cell or multiple cells on the station and
elevation table. Cells are highlighted by pressing down on the left
mouse button and moving it over the cells that you would like to be
highlighted. Next select either the Cut or Copy feature from the Edit
menu. If Cut is selected, the information is placed in the Windows
Clipboard and then it is deleted from the table. If Copy is selected,
the information is placed in the Windows Clipboard, but it also remains
in the table. Once the information is in the Windows Clipboard it can
be pasted into the station and elevation table of any cross section. To
paste data into another cross section, first go to the cross section in
which you would like the data to be placed. Highlight the area of the
table in which you want the data to be placed. Then select the Paste
option from the Edit menu. The cut, copy, and paste features can also
be used to pass station and elevation information between HEC-RAS
and other programs.

Delete. This option allows the user to delete a single cell or multiple
cells in the station/elevation table. Once the cells are deleted,
everything below those cells is automatically moved up. To use this
option, first highlight the cells that you would like to delete, then
select the Delete option from the Edit menu. If you would like to
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clear cells, without moving the data below those cells, simply highlight
the cells and press the delete key.

Insert. This option allows the user to insert one or several rows in
the middle of existing data in the station/elevation table. To use this
option, first highlight the area in the table that you would like to be
inserted. Then select Insert from the Edit menu. The rows will be
inserted and all of the data will be moved down the appropriate
number of rows. The user can also insert a single row by placing the
curser in the row just below where you would like the new row to be
inserted. Then select Insert from the Edit menu. The row will be
inserted and all of the data below the current row will be moved down
one row.

Cross Section Options

Information that is not required, but is optional, is available from the
Options menu at the top of the cross section data editor window
(Figure 6-2). Options consist of the following:

Add a new Cross Section. This option initiates the process of adding
a cross section to the data set. The user is prompted to enter a river
station tag for the new cross section. The river station tag locates the
cross section within the selected reach. Once the river station is
entered, the cross section data editor is cleared (except for some
default values that get set) and the user can begin entering the data
for the cross section. Whenever a new cross section is added to the
data set, default values will appear for the contraction and expansion
coefficients (0.1 and 0.3 respectively). Also, if the new cross section is
not the first or most upstream cross section of the reach, the program
will set default Manning’s n values equal to the n values of the cross
section just upstream of the new cross section. If the user does not
want these default values, they can simply change them to whatever
values they would like.

Copy Current Cross Section. This option allows the user to make a
copy of the cross section that is currently displayed in the editor.
When this option is selected, the user is prompted to select a river and
reach for the new section, and then enter the river station. Once the
information is entered, the new cross section is displayed in the editor.
At this point it is up to the user to change the description and any
other information about the cross section. This option is normally
used to make interpolated cross sections between two surveyed cross
sections. Once the section is copied, the user can adjust the
elevations and stationing of the cross section to adequately depict the
geometry between the two surveyed sections.

Rename River Station. This option allows the user to change the
River Station of the currently displayed cross section.

Delete Cross Section. This option will delete the currently displayed
cross section. The user is prompted with a message stating
specifically which cross section is going to be deleted, and requesting
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the user to press the OK button or the Cancel button. Once the OK
button is pressed, the user will be prompted with a question of
whether or not they would like the cross section reach lengths to be
automatically adjusted to account for the removal of the cross section.
If the user answers YES then the reach lengths of the current cross
section, that is being deleted, will be added to the reach lengths of the
next upstream cross section. If the user answers NO, then the cross
section will be deleted with out adjusting any reach lengths.

Adjust Elevations. This option allows the user to adjust all of the
elevations of the currently displayed cross section. Positive or
negative elevation changes can be entered. Once the value is entered,
the interface automatically adjusts all the elevations in the table.

Adjust Stations. This option allows the user to adjust the stationing
of the currently displayed cross section. Two options are available.
The first option (Multiply by a Factor) allows the user to separately
expand and/or contract the left overbank, main channel, and the right
overbank. When this option is selected, the user is prompted to enter
a multiplier for each of the three flow elements (left overbank, main
channel, and right overbank). If the multiplier is less than one, the
flow element is contracted. If the multiplier is greater than one, the
flow element is expanded. Once the information is entered, and the
user hits the OK button, the interface automatically performs the
contraction and/or expansions. The cross section should be reviewed
to ensure that the desired adjustments were performed. The second
option (Add a Constant) allows the user to add or subtract a constant
value from all the stations in the cross section. This would allow the
entire cross section to be shifted to the right or the left.

Adjust n or k Values. This option allows the user to either increase
or decrease all the n or k values of the current cross section. The user
is prompted for a single value. This value is then used as the
multiplier for all of the n or k values of the current cross section.

Skew Cross Section. This option allows the user to adjust the
stationing of a cross section based on a user entered skew angle.
Cross-sections are supposed to be taken perpendicular to the flow
lines. This may not always be the case, such as at bridges. In order
for the program to use the correct flow area, the cross section
stationing must be adjusted by taking the cosine of the skew angle
times the stationing. When this option is selected, a window will
appear allowing the user to enter a skew angle. Once the angle is
entered, the software will automatically adjust the cross section
stationing. The user can get back to the original stationing by putting
a zero skew into the field.

Ineffective Flow Areas. This option allows the user to define areas
of the cross section that will contain water that is not actively being
conveyed (ineffective flow). Ineffective flow areas are often used to
describe portions of a cross section in which water will pond, but the
velocity of that water, in the downstream direction, is close to or equal
to zero. This water is included in the storage calculations and other
wetted cross section parameters, but it is not included as part of the
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active flow area. When using ineffective flow areas, no additional
wetted perimeter is added to the active flow area. An example of an
ineffective flow area is shown in Figure 6.3. The cross-hatched area
on the left of the plot represents the ineffective flow area.

Two alternatives are available for setting ineffective flow areas. The
first option allows the user to define a left station and elevation and a
right station and elevation (normal ineffective areas). When this
option is used, and if the water surface is below the established
ineffective elevations, the areas to the left of the left station and to the
right of the right station are considered ineffective. Once the water
surface goes above either of the established elevations, then that
specific area is no longer considered ineffective. In other words, the
program now assumes that the area will be conveying water in the
downstream direction, such that it now uses that area in the
conveyance calculations of the active flow area. However, the user
has the option to set the ineffective flow areas to permanent, which
will prevent them from turning off. When this option is used, water is
allowed to go over top of the ineffective flow area.

The second option allows for the establishment of blocked
ineffective flow areas. Blocked ineffective flow areas require the
user to enter an elevation, a left station, and a right station for each
ineffective block. Up to ten blocked ineffective flow areas can be
entered at each cross section. Once the water surface goes above the
elevation of the blocked ineffective flow area, the blocked area is no
longer considered ineffective. However, the user has the option to set
the blocked ineffective flow areas to permanent, which will prevent
them from turning off. When this option is used, water is allowed to
go over top of the ineffective flow area.
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Figure 6-3 Cross section with ineffective flow areas

Levees. This option allows the user to establish a left and/or right
stationing and elevation on any cross section, in which the water
surface will be confined to inside of these stationing values, until the
water surface goes above their trigger elevation (elevation at which
this option turns off). When levees are established, no water can go to
the left of the left levee station or to the right of the right levee station
until either of the levee elevations is exceeded. Levee stations must
be defined explicitly, or the program assumes that water can go
anywhere within the cross section. An example of a cross section with
a levee on the left side is shown in Figure 6-4. In this example the
levee station and elevation is associated with an existing point on the
cross section.

The user may want to add levees into a data set in order to see what
effect a levee will have on the water surface. A simple way to do this
is to set a levee station and elevation that is above the existing
ground. If a levee elevation is placed above the existing geometry of
the cross section, then a vertical wall is placed at that station up to the
established levee height. Additional wetted perimeter is included when
water comes into contact with the levee wall. An example of this is
shown in Figure 6-5.

IMPORTANT NOTE: the Levee option is a cross section option to
prevent water from getting to certain portions of the cross section,
until the water level rises above user specified elevations. However,
the water surface is assumed to be horizontal across the entire wetted
portion of the cross section. If you have a constructed levee, and you
want to model over topping or breaching of that levee, you should end
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your cross section at the top of that levee. Model the actual levee with
a lateral structure, and model the area behind the levee with a 2D
Flow Area, Storage Area, or another river reach. This approach is
much more accurate for modeling constructed levees, as it allows for
different water surface elevations to be computed inside the leveed
area, and a much more detailed analysis of levee overtopping and
breaching.
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Figure 6-4 Example of the Levee Option
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Figure 6-5 Example Levee Added to a Cross Section

Obstructions. This option allows the user to define areas of the cross
section that will be permanently blocked out. Obstructions decrease
flow area and add wetted perimeter when the water comes in contact
with the obstruction. An obstruction does not prevent water from
going outside of the obstruction.

Two alternatives are available for entering obstructions. The first
option allows the user to define a left station and elevation and a right
station and elevation (normal obstructions). When this option is
used, the area to the left of the left station and to the right of the right
station will be completely blocked out. An example of this type of
obstruction is shown in Figure 6.6.
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Figure 6-6 Example of Normal Obstructions

The second option, for obstructions, allows the user to enter up to 20
individual blocks (blocked obstructions). With this option the user
enters a left station, a right station, and an elevation for each of the
blocks. An example of a cross section with blocked obstructions is
shown in Figure 6-7.
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Figure 6-7 Example of a Cross Section with Blocked Obstruction

Add a Lid to XS. This option allows the user to add a lid (similar to a
bridge deck/roadway) to any cross section. This is commonly used
when trying to model a long tunnel. The ground geometry can be
used to describe the bottom half of the tunnel, while the lid can
describe the top half. A lid can be added to any number of cross
sections in a row. The program treats cross sections with lids just like
any other cross section. The energy equation is used to balance a
water surface, with the assumption of open channel flow. The only
difference is that the program will subtract out area and add wetted
perimeter when the water surface comes into contact with the lid. For
unsteady flow models, there is a check box to select the Preissmann
Slot option when solving the unsteady flow equations for cross
sections with lids. This option allows the unsteady flow equations to
solve for a pressure flow water surface using the open channel flow
equations.

Add Ice Cover. This option allows the user to enter ice cover for the
currently opened cross section. For a detailed discussion of ice cover,
and ice modeling, please review the section called Modeling Ice
Cover later in this chapter.

Add a Rating Curve. This option allows the user to add a rating
curve to a cross section as an alternative to the program computing
the water surface. The user is required to enter flow versus elevation
information for the rating curve. When the program is executed in a
steady flow mode, the program will interpolate a water surface
elevation from the rating curve for the given flow of a particular
profile.
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Horizontal Variation in n Values. This option allows the user to
enter more than three Manning's n values for the current cross
section. When this option is selected, an additional column for n
values is added to the cross section coordinates table as shown in
Figure 6-8. A Manning's n value must be placed in the first row of the
table. This n value is good for all cross section stations until a new n
value shows up in the table. The user does not have to enter an n
value for every station, only at the locations where the n value is

changing.
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Figure 6-8 Cross Section with Horizontal Variation of n Values Selected

Horizontal Variation in k Values. This option allows the user to
enter k values (roughness heights) instead of n values. The k values
are entered in the same manner as the horizontal variation of n
values. To learn more about k values and how they are used in the
program, see Chapter 3 of the Hydraulic Reference manual.

Vertical Variation in n Values. This option allows the user to enter
Manning’s n values that vary both horizontally as well as vertically.
The user can vary the n value either by elevation or by flow. When
this option is selected a window will appear as shown in Figure 6-9.
The user enters the stationing for horizontal changes in n values
across the top in row O (these stations are entered in the same
manner as the horizontal variation of Manning’s n value option). The
elevations in which changes occur are entered in the first column.
Then the actual Manning’s n values are entered in rows 1-20 (columns
2-21). The program will interpolate Manning’s n values whenever the
actual water surface is between the entered elevations. If the water
surface is below the first elevation entered, then the values from that
elevation will be used. Likewise, if the water surface is above the last
elevation entered, the program will use the n values from the last
elevation specified. No extrapolation is done on either side of the user
entered values.

6-26



Chapter 6 Entering and Editing Geometric Data

¥ertical Variation in Manning's n Yalues

f« “ertical n based onwater Surface " Yertical n bazed on Flow
Fow 0 Starting Station:  Bows 1-20: Manningz n'Yalues
| S tation | Statiu:un2| 5tatinn3| Statiu:un4| StationS | -
O] ElewtSta 0 a12 a3n ae0
_1)204 08 01 004 008
2|10 08 01 0038 008
_3|214 07 0.03 0.035 008
_d4)220 0ES 0.os 003z
5 -
| f
Qk | Cancel | Clear |

Enter M anning's n data for station: 860 at elesation; 220

Figure 6-9 Vertical Variation of Manning's n Values Window

Plotting Cross Section Data

Once all the data have been entered for a cross section, you should
plot the cross section to inspect it for possible data errors. To plot the
current cross section from the cross section editor, you can either
select Plot Cross Section from the Plot menu (this will bring up a
separate plot window), or you can use the cross section plot button at
the top of the cross section editor (this attaches a plot window to the
cross section editor).
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Stream Junctions

Entering Junction Data

Junet,
L]

Stream junctions are defined as locations where two or more streams
come together or split apart. Junction data consist of a description;
reach lengths across the junction; tributary angles; and modeling
approach. To enter junction data the user presses the Junction
button on the Geometric Data window (Figure 6-1). Once the junction
button is pressed, the junction editor will appear as shown in Figure 6-
10.

Steady Flow C tation Mod
xncton Name (TR -] ¥ 1| 2dy Flow Computation Mode

{* Energy

Description |FLDw confluence of Yolo and Butte Creek " Momentum
[ Add Friction

- [~ Add Weight
From: Fall River - Lower Reach Length (ft)

_ Unsteady Flow Computation Mode
To: Fall River - Upper Reach 50 %' Force Equal WS Elevations
To: Butte Creek - Tributary a0 ¢ Energy Balance Method

oK | Cancel Help

Select Junction to Edit

Figure 6-10 Junction Data Editor

The junction editor will come up with one of the junctions loaded. Fill
out the description and reach lengths for the junction. Reach lengths
across the junction are entered here instead of the cross section data
editor. This allows for the lengths across very complicated confluences
(i.e., flow splits) to be accommodated. In the cross section data, the
reach lengths for the downstream cross section of each reach
upstream of the junction will be overridden by the lengths in the
junction editor.

IMPORTANT NOTE: When laying out cross sections around a
junction (Upstream and downstream on the main stem river and
tributaries connected to the junction), place the cross sections as close
to the junction as possible. This is especially important for unsteady
flow modeling, as the default computational option is that the model
assumes the same water surface elevation at all cross sections
bounding the junction. If this is a bad assumption, turn on the option
labeled “Energy Balance Method” under the Unsteady Flow
Computational Method. Cross sections laid out very far from the
junction can lead to model stability issues if the elevation of the
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channel bottom for the cross sections that bound the junction are very
different (Have very different invert elevations).

Selecting a Modeling Approach

For steady flow hydraulics in HEC-RAS, a junction can be modeled
by either the energy equation or the momentum equation. The energy
equation does not take into account the angle of a tributary coming in
or leaving, while the momentum equation does. In most cases the
amount of energy loss due to the angle of the tributary flow is not
significant, and using the energy equation to model the junction is
more than adequate. However, there are situations where the angle
of the tributary can cause significant energy losses. In these
situations it would be more appropriate to use the momentum
approach. When the momentum approach is selected, an additional
column is added to the table next to the junction lengths. This column
is used to enter an angle for any river reach that is coming into or
exiting the main river. For the reaches that are considered to be the
main river, the angle should be left blank or set to zero. Also, the user
has the option to turn friction and weight forces on or off during the
momentum calculations. The default is to have the weight force
turned off.

For unsteady flow hydraulics there are two options for modeling the
hydraulics at a junction. The default option makes some simplifying
assumptions for the hydraulics at a junction. If the junction is a
normal flow combining junction, then all cross sections that bound the
junction are given the same water surface each time step, based on
the computed water surface at the downstream side of the junction. If
the junction is a flow split the water surfaces at the junction are based
on the computed water surface at the upstream side of the junction.
This simplifying assumption requires user’s to place cross sections
fairly close together around a junction, depending on the slope of the
stream. If cross sections are too far apart, model stability problems
can arise from the force water surfaces at all cross sections that bound
the junction.

A new junction hydraulics option called the Energy Balance Method
has been added for unsteady flow modeling. When this option is
turned on, an energy balance is performed across the junction in order
to compute the water surfaces, rather than forcing them to all be the
same. This is a very useful option for medium to steep streams, or
where junction reach lengths are fairly lengthy.

If there is more than one junction in the river schematic, the other
junctions can be selected from the Junction Name box at the upper left
corner of the window. Enter all the data for each junction in the river
system then close the window by pressing the OK button in the lower
left corner of the window. When the junction data editor is closed the
data are automatically applied.
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Bridges and Culverts

‘Erdg;" Culw

Once all of the necessary cross-section data have been entered, the
modeler can then add any bridges or culverts that are required. HEC-
RAS computes energy losses caused by structures such as bridges and
culverts in three parts. One part consists of losses that occur in the
reach immediately downstream from the structure where an expansion
of flow takes place. The second part is the losses at the structure
itself, which can be modeled with several different methods. The third
part consists of losses that occur in the reach immediately upstream of
the structure where the flow is contracting to get through the opening.

The bridge routines in HEC-RAS allow the modeler to analyze a bridge
with several different methods without changing the bridge geometry.
The bridge routines have the ability to model low flow (Class A, B, and
C), low flow and weir flow (with adjustments for submergence),
pressure flow (orifice and sluice gate equations), pressure and weir
flow, and high flows with the energy equation only. The model allows
for multiple bridge and/or culvert openings at a single location.

The culvert hydraulics in HEC-RAS are based on the Federal Highway
Administrations (FHWA) standard equations from the publication
Hydraulic Design of Highway Culverts (FHWA, 1985), for inlet control
situations, and a detailed energy balance into, through, and out of the
culvert, for outlet control computations. The culvert routines include
the ability to model circular, box, elliptical, arch, pipe arch, low profile
arch, high profile arch, semi circular culverts, and ConSpan culvert
shapes. The HEC-RAS program has the ability to model multiple
culverts at a single location. The culverts can have different shapes,
sizes, elevations, and loss coefficients. The user can also specify the
number of identical barrels for each culvert type. Culverts can also be
buried into the ground and have different roughness coefficients for
the bottom, versus the top and sides.

Cross Section Locations

The bridge and culvert routines utilize four user defined cross sections
in the computations of energy losses due to the structure. A plan view
of the basic cross section layout is shown in Figure 6-11.

Cross section 1 is located sufficiently downstream from the structure
so that the flow is not affected by the structure (i.e., the flow has fully
expanded). This distance should generally be determined by field
investigation during high flows. However, generally field investigation
during high flows is not possible. The expansion distance will vary
depending upon the degree of constriction, the shape of the
constriction, the magnitude of the flow, and the velocity of the flow. If
no detailed information is available, a rough estimate of a 2:1
expansion ratio can be used for a first cut estimate of the expansion
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reach length. Additionally, Table 6-1 offers ranges of expansion ratios,
which can be used for different degrees of constriction, different
slopes, and different ratios of the overbank roughness to main channel
roughness. Once an expansion ratio is selected, the distance to the
downstream end of the expansion reach (the distance Le) is found by
multiplying the expansion ratio by the average obstruction length (the
average of the distances A to B and C to D).
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Figure 6-11 Cross Section Locations at a Bridge or Culvert

The average obstruction length is half of the total reduction in
floodplain width caused by the two bridge approach embankments. In
Table 6-1, b/B is the ratio of the bridge opening width to the total
floodplain width, nob is the average Manning n value for the
overbanks, nc is the n value for the main channel, and S is the
average longitudinal bed slope through the bridge reach. The values
in the interior of the table are the ranges of the expansion ratio. For
each range, the higher value is typically associated with a higher
discharge.
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Table 6-1 Ranges of Expansion Ratios

nob/nc=1 nob/nc=2 nob/nc=4

b/B = 0.10 S—1ft/mile 14-36 1.3-3.0 1.2-21
5 ft/mile 1.0-25 0.8-2.0 0.8-2.0

10 ft/mile 1.0-2.2 0.8-2.0 0.8-2.0

b/B = 0.25 S =1 ft/mile 1.6 -3.0 1.4-25 1.2-2.0
5 ft/mile 1.5-25 1.3-2.0 1.3-2.0

10 ft/mile 1.5-2.0 1.3-2.0 1.3-2.0

b/B = 0.50 S =1 ft/mile 1.4-26 1.3-1.9 1.2-1.4
5 ft/mile 1.3-2.1 1.2-1.6 1.0-1.4

10 ft/mile 1.3-2.0 1.2-15 1.0-1.4

A detailed study of flow contraction and expansions at bridges was
undertaken by the Hydrologic Engineering Center. The results of this
study have been published as a research document entitled "Flow
Transitions in Bridge Backwater Analysis" (RD-42 HEC, 1995). The
purpose of this study was to provide better guidance to hydraulic
engineers performing water surface profile computations through
bridges. Specifically the study focused on determining the expansion
reach length, Le; the contraction reach length, Lc; the expansion
energy loss coefficient, Ce; and the contraction energy loss coefficient,
Cc. A summary of this research, and the final recommendations, can
be found in Appendix B of the HEC-RAS Hydraulic Reference manual.

The user should not allow the distance between cross section 1 and 2
to become so great that friction losses will not be adequately modeled.
If the modeler feels that the expansion reach will require a long
distance, then intermediate cross sections should be placed within the
expansion reach in order to adequately model friction losses. The user
will need to estimate ineffective flow areas for these intermediate
cross sections.

Cross section 2 is located a short distance downstream from the
bridge or culvert. This cross section should represent the natural
ground (main channel and floodplain) just downstream of the bridge or
culvert. This section is normally located near the toe of the
downstream road embankment. This cross section should Not be
placed immediately downstream of the face of the bridge deck or the
culvert opening (for example some people wrongly place this cross
section 1.0 foot downstream of the bridge deck or culvert opening).
Even if the bridge has no embankment, this cross section should be
placed far enough from the downstream face of the bridge to allow
enough distance for some flow expansion due to piers, or pressurized
flow coming out of the bridge. If a culvert is being modeled, the
culvert routines automatically account for an exit loss. Therefore,
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cross section 2 should be located far enough downstream from the
culvert to capture the immediate expansion of flow in which the exit
losses occur over. This distance will vary with the size of the bridge
opening or culvert.

Cross section 3 should be located a short distance upstream from the
bridge or culvert. This distance should only reflect the length required
for the abrupt acceleration and contraction of the flow that occurs in
the immediate area of the opening. Cross section 3 represents the
natural ground of the channel and overbank area just upstream of the
road embankment. This section is normally located near the toe of the
upstream road embankment. This cross section should Not be placed
immediately upstream of the bridge deck or culvert opening (for
example some people wrongly place this cross section 1.0 foot
upstream of the bridge deck or culvert opening). The bridge and
culvert routines used between cross sections 2 and 3 account for the
contraction losses that occur just upstream of the structure (entrance
losses for the culvert routines). Therefore, this cross section should be
place just upstream of the area where the abrupt contraction of flow
occurs to get into the bridge opening or culvert. This distance will vary
with the size of the bridge opening or culvert.

Both cross sections 2 and 3 will have ineffective flow areas to either
side of the bridge or culvert opening during low flow and pressure
flow. In order to model only the effective flow areas at these two
sections, the modeler should use the ineffective flow area option. This
option is selected from the cross section data editor. For a detailed
discussion of how to set the ineffective flow area stations and
elevations, see Chapter 5 of the Hydraulic Reference manual.

Cross section 4 is an upstream cross section where the flow lines are
approximately parallel and the cross section is fully effective. In
general, flow contractions occur over a shorter distance than flow
expansions. The distance between cross section 3 and 4 (the
contraction reach length, Lc) should generally be determined by field
investigation during high flows. Traditionally, the Corps of Engineers
recommends locating the upstream cross section a distance equal to
one times the average length of the side constriction caused by the
structure abutments (i.e. 1:1 contraction ratio). The 1:1 contraction
ratio is a reasonable first estimate for placing cross section 4 if no
other detailed information or field data is available to further refine
that estimate. The contraction distance will vary depending upon the
degree of constriction, the shape of the constriction, the magnitude of
the flow, and the velocity of the flow. As mentioned previously, the
detailed study "Flow Transitions in Bridge Backwater Analysis™ (RD-42,
HEC, 1995) was performed to provide better guidance to hydraulic
engineers performing water surface profile computations through
bridges. A summary of this research, and the final recommendations,
can be found in Appendix B of the HEC-RAS Hydraulic Reference
manual.

When the user adds a bridge at a particular river station, the program
automatically formulates two additional cross sections inside of the
bridge structure. The geometry inside of the bridge is a combination
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of the bounding cross sections (2 and 3) and the bridge geometry.
The bridge geometry consists of the bridge deck, abutments if
necessary, and any piers that may exist. The user can specify
different bridge geometry for the upstream and downstream sides of
the structure if necessary. Cross section 2 and the structure
information on the downstream side are used as the geometry just
inside the structure at the downstream end. Cross section 3 and the
upstream structure information are used as the bridge geometry just
inside the structure at the upstream end. The user has the option to
edit these internal bridge cross sections, in order to make adjustments
to the geometry.

For a more detailed discussion on laying out cross sections around
bridges and culverts, the user is referred to chapters 5 and 6 of the
Hydraulic Reference Manual.

Contraction and Expansion Losses

Losses due to the contraction and expansion of flow between cross
sections are determined during the standard step profile calculations.
Contraction and Expansion losses are described in terms of coefficient
times the absolute value of the change in velocity head between
adjacent cross sections. When the velocity head increases in the
downstream direction a contraction coefficient is used; and when the
velocity head decreases in the downstream direction, an expansion
coefficient is used. For a detailed discussion on selecting contraction
and expansion coefficients at bridges, the user is referred to chapter 5
of the HEC-RAS Hydraulic Reference Manual.

Bridge Hydraulic Computations

Low Flow Computations. For low flow computations the program first
uses the momentum equation to identify the class of flow. This is
accomplished by first calculating the momentum at critical depth inside
the bridge at the upstream and downstream ends. The end with the
higher momentum (therefore most constricted section) will be the
controlling section in the bridge. The momentum at critical depth in
the controlling section is then compared to the momentum of the flow
downstream of the bridge when performing a subcritical profile
(upstream of the bridge for a supercritical profile). If the momentum
downstream is greater than the critical depth momentum inside the
bridge, the class of flow is considered to be completely subcritical (i.e.,
class A low flow). If the momentum downstream is less than the
momentum at critical depth in the bridge, then it is assumed that the
constriction will cause the flow to pass through critical depth and a
hydraulic jump will occur at some distance downstream (i.e., class B
low flow). If the profile is completely supercritical through the bridge
then this is class C low flow. Depending on the class of flow the
program will do the following:

Class A low flow. Class A low flow exists when the water surface
through the bridge is completely subcritical (i.e., above critical depth).
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Energy losses through the expansion (sections 2 to 1) are calculated
as friction losses and expansion losses. Friction losses are based on a
weighted friction slope times a weighted reach length between sections
1 and 2. The average friction slope is based on one of the four
available alternatives in HEC-RAS, with the average-conveyance
method being the default. This option is user selectable. The average
length used in the calculation is based on a discharge-weighted reach
length.

There are four methods for computing losses through the bridge (from
2 to 3):

Energy equation (standard step method)
¢ Momentum balance

e Yarnell equation

¢ FHWA WSPRO method

The user can select any or all of these methods in the computations.

If more than one method is selected, the user must choose either a
single method as the final solution or tell the program to use the
method that computes the greatest energy loss through the bridge as
the answer at section 3. This allows the modeler to compare the
answers from several techniques all in a single execution of the
program. Minimal results are available for all the methods computed,
but detailed results are available for the method that is selected as the
final answer.

Energy losses through the contraction (sections 3 to 4) are calculated
as friction losses and contraction losses. Friction and contraction
losses between sections 3 and 4 are calculated the same as friction
and expansion losses between sections 1 and 2.

Class B low flow. Class B low flow can exist for either subcritical or
supercritical profiles. For either profile, class B flow occurs when the
profile passes through critical depth in the bridge constriction. For a
subcritical profile, the momentum equation is used to compute an
upstream water surface above critical depth and a downstream water
surface below critical depth, using a momentum balance through the
bridge. For a supercritical profile, the bridge is acting as a control
and is causing the upstream water surface elevation to be above
critical depth. Momentum is used again to calculate an upstream
water surface above critical depth and a downstream water surface
below critical depth. The program will proceed with forewater
calculations downstream from the bridge.

Class C low flow. Class C low flow exists when the water surface
through the bridge is completely supercritical. The program can use
either the energy or the momentum equation to compute the water
surface through the bridge.

Pressure Flow Computations. Pressure flow occurs when the flow
comes into contact with the low chord of the bridge. Once the flow
comes into contact with the upstream side of the bridge, a backwater
occurs and orifice flow is established. The program will handle two
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cases of orifice flow: the first is when only the upstream side of the
bridge is in contact with the water; and the second is when the bridge
constriction is flowing completely full. For the first case, a sluice gate
type of equation is used, as described in "Hydraulics of Bridge
Waterways" (FHWA, 1978). In the second case, the standard full
flowing orifice equation is used. The program will begin checking for
the possibility of pressure flow when the energy grade line goes above
the maximum low chord elevation. Once pressure flow is computed,
the pressure flow answer is compared to the low flow answer and the
higher of the two is used. The user has the option to tell the program
to use the water surface, instead of energy, to trigger the pressure
flow calculation.

Weir Flow Computations. Flow over the bridge and the roadway
approaching the bridge will be calculated using the standard weir
equation. For high tailwater elevations the program will automatically
reduce the amount of weir flow to account for submergence on the
weir. This is accomplished by reducing the weir coefficient based on
the amount of submergence. When the weir becomes highly
submerged, the program will automatically switch to calculating losses
based on the energy equation (standard step backwater). The
criterion for when the program switches to energy based calculations is
user controllable.

Combination Flow. Sometimes combinations of low flow or pressure
flow occur with weir flow. In these cases an iterative procedure is
used to determine the amount of each type of flow.

Entering and Editing Bridge Data

‘Erdg;" Culw

To enter bridge data the user presses the Bridge/Culvert button on
the geometric data window (Figure 6-1). Once the bridge/culvert
button is pressed, the Bridge/Culvert Data Editor will appear as shown
in Figure 6-12 (your bridge/culvert editor will come up with a blank
window until you have entered the bridge data). To add a bridge to
the model, do the following:

1. Select the river and reach that you would like to place the bridge
in. Selecting a reach is accomplished by pressing the down arrow
on the river and reach box, then selecting the river and reach of
choice.

2. Go to the Options menu and select Add a Bridge and/or
Culvert from the list. An input box will appear prompting you to
enter a river station identifier for the new bridge.

3. Enter all of the required data for the new bridge. This includes:
e Bridge Deck
e Sloping Abutments (optional)
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e Piers (optional)
e Bridge modeling approach information

4. Enter any desired optional information. Optional bridge
information is found under the Options menu at the top of the
window.

5. Press the Apply Data button for the interface to accept the data.
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Figure 6-12 Bridge/Culvert Data Editor

The required information for a bridge consists of: the river, reach, and
river station identifiers; a short description of the bridge; the bridge
deck; bridge abutments (if they exist); bridge piers (if the bridge has
piers); and specifying the bridge modeling approach. A description of
this information follows:

River, Reach and River Station. The River and Reach boxes allow
the user to select a river and reach from the available reaches that are
defined in the schematic diagram. The reach label defines which reach
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the bridge will be located in. The River Station tag defines where the
bridge will be located within the specified reach. The river station tag
does not have to be the actual river station of the bridge, but it must
be a numeric value. The river station tag for the bridge should be
numerically between the two cross sections that bound the bridge.
Once the user selects Add a Bridge and/or Culvert from the options
menu, an input box will appear prompting you to enter a river station
tag for the new bridge. After the river station tag is entered, the two
cross sections that bound the bridge will be displayed on the editor.

Description. The description box is used to describe the bridge
location in more detail than just the reach and river station. This box
has a limit of 256 characters. Only the first line of information is
displayed, unless the button to the right of the box is pressed. Also,
the first 40 characters of the description are used as a label for bridge
plots and tables.

Bridge Deck/Roadway. The bridge deck editor is used to describe
the area that will be blocked out due to the bridge deck, road
embankment and vertical abutments. To enter bridge deck
information the user presses the Deck button on the Bridge/Culvert
Data Editor. Once the deck button is pressed, the Deck Editor will
appear as in Figure 6-13 (except yours will be blank). The information
entered in the deck editor consists of the following:

Deck/Roadway Data Editor
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. 215,93 200, a. 216,93 200,
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Figure 6-13 Bridge Deck/Roadway Data Editor
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Distance - The distance field is used to enter the distance between the
upstream side of the bridge deck and the cross section immediately
upstream of the bridge (see Figure 6-14, “Upstream Distance”). This
distance is entered in feet (or meters for metric).

Width - The width field is used to enter the width of the bridge deck
along the stream (Figure 6-14, “Bridge Width”). The distance between
the bridge deck and the downstream bounding cross section will equal
the main channel reach length minus the sum of the bridge "width"
and the "distance" between the bridge and the upstream section. The
width of the bridge deck should be entered in feet (meters for metric).

BU BD ()
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1 Upstream | Bridge ! Dow nstrea
1 Distance ! Width ! Distance
<
1

S~

I
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Figure 6-14 Bridge Profile with Upstream Distance, Bridge Width, and Downstream
Distance

Weir Coefficient - Coefficient that will be used for weir flow over the
bridge deck in the standard weir equation.

Upstream Stationing, High Chord, and Low Chord - This table is used
to define the geometry of the bridge deck on the upstream side of the
bridge. The information is entered from left to right in cross section
stationing. The deck is the area between the high and low chord
elevation information. The stationing of the deck does not have to
equal the stations in the bounding cross section, but it must be based
on the same origin. The Del Row and Ins Row buttons allow the
user to delete and insert rows.

Downstream Stationing, High Chord, and Low Chord - This portion of
the table is used to define the geometry of the bridge deck on the
downstream side of the bridge. If the geometry of the downstream
side is the same as the upstream side, then the user only needs to
press the Copy US to DS button. When this button is pressed, all of
the upstream bridge deck information is copied to the downstream
side. If the bridge deck information on the downstream side is
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different than the upstream side, then the user must enter the
information into the table.

U.S. Embankment SS - This field is used to enter the slope of the road
embankment on the upstream side of the bridge. The slope should be
entered as the horizontal to vertical distance ratio of the embankment.
This variable is generally not used in the computations, but is used for
display purposes in the profile plot. However, if the user has selected

the FHWA WSPRO Bridge method for low flow, this field will be used in
the computation of the bridge discharge coefficient.

D.S. Embankment SS - This field is used to enter the slope of the road
embankment on the downstream side of the bridge. The slope should
be entered as the horizontal to vertical distance ratio of the
embankment. This variable is generally not used in the computations,
but is used for display purposes in the profile plot. However, if the
user has selected the FHWA WSPRO Bridge method for low flow, this
field will be used in the computation of the bridge discharge
coefficient.

Max Submergence - The maximum allowable submergence ratio that
can occur during weir flow calculations over the bridge deck. If this
ratio is exceeded, the program automatically switches to energy based
calculations rather than pressure and weir flow. The default value is
0.95 (95 percent submerged).

Submergence Criteria - When submergence occurs there are two
choices available to figure out how much the weir coefficient should be
reduced due to the submergence. The first method is based on work
that was done on a trapezoidal shaped broad crested weir (FHWA,
1978). The second criterion was developed for an Ogee spillway shape
(COE,1965). The user should pick the criterion that best matches their
problem.

Min Weir Flow El - This field is used to set the minimum elevation for
which weir flow will begin to be evaluated. Once the computed
upstream energy becomes higher than this elevation, the program
begins to calculate weir flow. However, the weir flow calculations are
still based on the actual geometry of the deck/roadway, and are not
affected by this elevation. If this field is left blank, the elevation that
triggers weir flow is based on the lowest high chord elevation on the
upstream side of the bridge deck. Also, weir flow is based on the
elevation of the energy grade line and not the water surface.

Once all of the bridge deck information is entered, the user should
press the OK button at the bottom of the window. Pressing the OK
button tells the interface to accept the data and close the window.
Once the deck editor closes, the graphic of the bridge deck will appear
on the Bridge/Culvert Data window. An example of this is shown in
Figure 6-15. Note! The data are not saved to the hard disk at
this point. Geometric data can only be saved to the hard disk from
the File menu of the Geometric Data window.
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Figure 6-15 Example Bridge Deck Plotted on Bounding Cross Sections

Sloping Bridge Abutments. The sloping bridge abutments editor is
used to supplement the bridge deck information. Whenever bridge
abutments are protruding towards the main channel (sloping inward
abutments), it will be necessary to block out additional area that
cannot be accounted for in the bridge deck/roadway editor. If the
bridge has vertical wall abutments, then it is not necessary to use this
editor. Vertical wall abutments can be included as part of the bridge
deck/roadway data. To add sloping abutments, the user presses the
Sloping Abutment button on the Bridge/Culvert Data editor. Once
this button is pressed the Abutment data editor will appear as in Figure
6-16.

Sloping abutments are entered in a similar manner to the bridge
deck/roadway. When the editor is open, it has already established an
abutment # of 1. Generally a left and right abutment is entered for
each bridge opening. Sloping abutment data are entered from left to
right, looking in the downstream direction. In general it is usually only
necessary to enter two points to describe each abutment.
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Figure 6-16 Abutment Data Editor

Sloping Abutment Data Edito
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The data for each abutment consist of a skew angle (this is optional)
and the station and elevation information. The station and elevation
information represents the high chord information of the abutment.
The low chord information of the abutment is assumed to be below the
ground, and it is therefore not necessary to enter it. The geometric
information for each abutment can vary from upstream to
downstream. If this information is the same, then the user only needs
to enter the upstream geometry and then press the Copy Up to
Down button.

To add additional sloping abutments, the user can either press the
ADD or the Copy button. To delete an abutment, press the Delete
button. Once all of the abutment data are entered, the user should
press the OK button. When the OK button is pressed, the abutment
information is accepted and the editor is closed. The abutments are
then added to the bridge graphic on the Bridge/Culvert Data editor.
An example of a sloping bridge abutment is shown in Figure 6-17.
This graphic is zoomed in on the left abutment of the bridge.
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Figure 6-17 Example of a Sloping Abutment

Bridge Piers. The bridge pier editor is used to describe any piers that
exist in the bridge opening. Note! All piers must be entered
through the Pier Editor, they should not be included as part of
the ground or bridge deck. Several of the low flow bridge
computations require that the piers be defined separately in order to
determine that amount of area under the water surface that is blocked
by the piers. If the piers are included with the ground or the bridge
deck, several of the methods will not compute the correct amount of
energy loss for the piers.

To enter pier information, the user presses the Pier button on the
Bridge/Culvert Data editor. Once the pier button is pressed, the pier
data editor will appear as in Figure 6-18 (Except yours will not have
any data in it yet).
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Pier Diata Editor
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Figure 6-18 Pier Data Editor

When the pier data editor appears it will have already defined the first
pier as pier # 1. The user is required to enter a centerline station for
both the upstream and downstream side of the pier. The pier
geometry is entered as pier widths and elevations. The elevations
must start at the lowest value and go to the highest value. Generally
the elevations should start below the ground level. Any pier area
below the ground will be clipped off automatically. Pier widths that
change at a single elevation are handled by entering two different
widths at the same elevation. The order of the widths in the table is
very important. Keep in mind that the pier is defined from the ground
up to the deck. If the pier geometry on the downstream side is the
same as the upstream side, simply press the Copy Up to Down
button after the upstream side data are entered.

The user also has the option of defining floating pier debris. If the
Floating Debris option is selected, the user will need to enter a width
and a height for the debris. The user can set a different height and
width of debris for each pier, or there is a button that will allow the
user to enter a single height and width that will be used for all of the
piers (Set Wd/Ht for all...). Additionally there are buttons to turn
pier debris on or off for all of the piers of the bridge (All On... and All
Off...).

Additional piers can be added by pressing either the Add or the Copy
button. If the piers are the same shape, it is easier to use the copy
button and simply change the centerline stations of the new pier. To
delete a pier, simply press the Delete button and the currently
displayed pier will be deleted. Once all of the pier data are entered,
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press the OK button. When the OK button 