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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 Watershed Analysis Tool (HEC-RAS) "the
Software™ (either from a disk copy obtained from HEC, a distributor or another user or by
downloading it from a network) and to use, copy and/or distribute copies of the Software to other
users, subject to the following Terms and Conditions for Use:

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

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

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

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

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

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

Waiver of Warranty:

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


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

Limitation of Liability:

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

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

Indemnity:

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

Assent:

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

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
“ Geometric Data - test gemoetry m&lﬁl&]
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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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1|Butte Creek Tributary 0.4 150 250 500 750
2|Fall River |pper Reach 10.4 750 1000 1500 2000
3|Fall River Lower Reach 9,79 200 1250 2000 2750
4|Fall River Lower Reach 9.6 975 1300 2100 3000

[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 |
DelRow | InsRow | Downstream Reach Lengths g5 | 08 =035 02 I T 5
5 egen
LOE Channel ROB
|40 500 550 Ground
80 *
__1]110 S0 Manning's n Values 12 Bank Sta
_2{120 8 LOB Channel ROB =
__3|200 8 |0.06 |0.035 |0.05 = 85
4|210 0 §
5|23 7 Main Channel Bank Stations g
E 240 7 Left Bank Right Bank o 80
_ 7[350 81 |00 240
_8[380 31 75
9]
10 | - 0.1 lo.3
- . g 70 T T T T T 1
. 100 150 200 250 300 350 400
Station (ft)
L

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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Cross Section Coordinates
Elevation
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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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% Steady Flow Data - 10, 2 L5

File Options Help

Enter Edit Mumber of Profiles (32000 max): |3 Reach Boundary Conditions ... | apply Data |

Locations of Flow Data Changes

River: IElutte Cr. Add Multiple. .. |

Reach: ITribuEry ;I Add A Flow Change Location |

Profile Mames and Flow Rates
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
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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

4-18



Chapter 4 Example Application

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.

4-19



Chapter 4 Example Application

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
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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.

6-8



Chapter 6 Entering and Editing Geometric Data

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

6-17



Chapter 6 Entering and Editing Geometric Data

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

6-22



Chapter 6 Entering and Editing Geometric Data

Cross Section - Warning Geometry is newer than output. E]@|E|
File Options Help

River: |Eritic:a| Cr. j HE | + 20 Reload D ata
Reach: |UpperF|each j River Sta.: |3 ﬂ ﬂ

Existing Conditions J
izeom: Base Geometrny Data  Flow: 100 Year Profile
Cross Section 3

" 4 L |
* A - A ul

L a Legend
Left Levee Station R ——
E WS 00 yr
1775 and Elevation e

\ Ground

Leves
1770 L

Bank Sta

Elewvation (1)

17657

1760

1755 T T T T T T T 1
u] 200 400 GO0 =1ulu] 1000 1200 1400 AG00

Station ()

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.

6-25



Chapter 6 Entering and Editing Geometric Data

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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40

20 |

26

Clear | Del Row | Ins Row | Copy US to DS |

Upstream Downstream

Station |nigh chord | low chord | Station | igh chord | low chord
. 215,93 200, a. 216,93 200,
450, 215,93 200, 450, 216,93 200,
450, 216,93 450, 216,93
647, 216,93 47, 216,93
647, 216,93 . 47, 216,93
2000, 216,93 . 2000, 216,93

SO [ sed [ 0| B [ Cad [Pl |

1.5 Embankment 55 2 0.5 Embankment 55
Weir Data
Max Submergence: 0.95 Min Weir Flow El:

Weir Crest Shape

(® Broad Crested
(" Ogee

Ok Cancel

Enter distance between upstream cross section and dedsjroadway. (ft)

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 ()

3--

D

1
1 Upstream | Bridge ! Dow nstrea
1 Distance ! Width ! Distance
<
1

S~

I

—=

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

Add | Copy | Delets |.ﬁ.butment# - ﬂﬂ
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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 is pressed, the data will be
accepted and the pier editor will be closed. The graphic of the bridge
will then be updated to include the piers. An example bridge with
piers is shown in Figure 6-19. This graphic is only the upstream side
of the bridge with a zoomed in view.
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Figure 6-19 Bridge with Piers, zoomed in view

Bridge Modeling Approach. The Bridge Modeling Approach editor is
used to define how the bridge will be modeled and to enter any
coefficients that are necessary. To bring up the Bridge Modeling
Approach editor press the Bridge Modeling Approach button on the
Bridge/Culvert Data editor. Once this button is pressed, the editor will
appear as shown in Figure 6-20 (Except yours will only have the
default methods selected).
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Figure 6-20 Bridge Modeling Approach Editor
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When the Bridge Modeling Approach editor comes up it will be ready to
enter data for the first bridge opening (coefficient set # 1). If there is
more than one bridge opening at the current location, the user can
either use a single set of modeling approaches and coefficients, or
establish a different set for each bridge opening.

Establishing a bridge modeling approach consists of defining which
methods the program will use for low flow computations and high flow
(flow at or above the maximum low chord) computations. The user
can instruct the program to use any or all of the low flow methods
during the computations by clicking the buttons under the Compute
column. If either the Momentum or Yarnell method are selected, the
user must enter a value for the pier loss coefficient that corresponds to
that method. If the WSPRO method is selected, the user must press
the "WSPRO Variables" button and enter additional information that is
required for the method. Once the WSPRO Variables button is
pressed, a data editor as shown in Figure 6-21 will appear.
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Figure 6-21 WSPRO Data Editor

As shown in Figure 6-21, there are several variables that must be
entered as well as some options that are available to the user. All of
the required variables shown on the WSPRO data editor are used in
the computation of the discharge coefficient, C, which is used in the
WSPRO expansion loss equation. A detailed discussion of how the
discharge coefficient is computed can be found in appendix D of the
HEC-RAS Hydraulic Reference manual. The following is a description
of each of the variables on the WSPRO Data Editor:

El of the top of the Embankment - These fields are used for entering
the elevation of the top of the embankment (top of road) at the edges
of the bridge opening. An elevation must be entered for both the left
and right side of the bridge opening.

El of the toe of the Abutment - These fields are used for entering the
elevation of the abutment toe (elevation at the station in which the
abutment toe intersects with the natural ground inside the bridge
opening) on both the left and right side of the bridge opening.

Abutment Type - This field is used for selecting the type of abutments.
There are four abutment types available from this selection box.
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Slope of the Abutments - This field is used for entering the slope of the
abutments. This slope is taken as the horizontal distance divided by
the vertical distance. If the abutments are vertical walls, then this
field should be left blank or set to zero. If the left and right abutments
do not have the same slope, take an average of the two and enter that
into this field.

Top Width of Embankment - This field is used for entering the width of
the top of the road embankment, in the area of the bridge opening. If
the topwidth of the embankment varies from one end of the bridge
opening to the other, use an average of the two widths.

Centroid stationing of the projected bridge opening at the approach
cross section - For the WSPRO bridge method, it is necessary to
calculate the water surface topwidth inside of the bridge opening, and
then project that width onto the approach cross section. The program
calculates the conveyance within this projected width at the approach
cross section. This conveyance is used in calculating a channel
contraction ratio, which is an integral part in the calculation of the
discharge coefficient. If this field is left blank, the program will
automatically center the computed topwidth, such that the center of
the topwidth will be at the center of conveyance at the approach
cross-section. The user can override this by entering their own
centroid stationing value for the approach cross section.

Wing Walls - This field is used for selecting the type of wing walls.
There are three choices available in the selection box: No wing walls
present; Angular wing walls; and Rounded wing walls. If the user
selects "Angular wing walls", then the fields labeled "Angle of Wing
Wall" and "Length of Wing Wall" become active and must be filled out.
If the user selects "Rounded wing walls”, then the fields "Length of
wing walls" and "Radius of entrance rounding"” become active and
must be filled out. If the user selects "No wing walls present" then no
other information on wing walls is necessary. For more information on
wing walls see appendix D of the HEC-RAS Hydraulic Reference
manual.

Guide Banks Type - This field is used for selecting the type of guide
banks if any exist. There are three choices available from the
selection box: No guide bank present; Straight; and Elliptical. If the
user selects "Straight"” then the fields labeled "Length of guide banks",
"Offset of Guide Banks", and "Skew of Guide Banks" become active
and must be filled out. If the use selects "Elliptical” then only the
fields "Length of Guide Banks" and "Offset of Guide Banks" become
active. If the user selects "No Guide Bank present” then no other
information about guide banks is necessary. For more information on
Guide Banks see appendix D of the HEC-RAS Hydraulic Reference
manual.
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Optional Contraction and Expansion Losses - This box allows the user
to turn on contraction and expansion losses at locations that are
traditionally not in the WSPRO methodology. The basic WSPRO bridge
method only computes expansion losses in the expansion reach
(between the exit cross section and the section just downstream of the
bridge). This option allows the user to turn on contraction and
expansion losses individually at the following locations: downstream
inside of the bridge; upstream inside of the bridge; upstream outside
of the bridge; at the end of a guide bank (if guide banks exist); and at
the approach cross section. The default for the WSPRO method is that
contraction and expansion losses will not be calculated at these
locations. Users should not turn these options on unless they feel that
the standard WSPRO bridge approach is not producing enough energy
loss through the bridge.

Three other options that the user has control over are: specifying that
the piers are continuous the whole way through the bridge or not;
using the Geometric Mean friction slope averaging technique through
the bridge computations (from exit to approach section); and using
the WSPRO tables to compute the Ca coefficient, rather than the
theoretical equation. The default for the WSPRO methodology is to
assume that the piers are continuous through the bridge, to use the
Geometric Mean friction slope method, and compute Cq with the
theoretical equation.

After all of the variables have been entered, the user must press the
OK button for the WSPRO variables to be accepted. For more
information about the computation of the discharge coefficient, and
these data variable, see appendix D of the HEC-RAS Hydraulic
Reference manual.

Once the user has selected which low flow bridge methods will be
computed, they must also specify which of those methods will be used
as the final answer to continue the computations on upstream with.
Only one of the methods can be selected as the answer to ""Use" in
order to continue the computations upstream. An alternative to
selecting a single method to use is to instruct the program to use the
answer with the highest computed upstream energy elevation. This is
accomplished by pressing the button under the ""Use" column that
corresponds to the Highest Energy Answer text field.

For a High Flow Method, the modeler can choose between Energy
based calculations or pressure and weir flow calculations. If pressure
and weir flow is the selected high flow method, the user must enter
coefficients for the pressure flow equations. The first coefficient
applies to the equation that is used when only the upstream side
(inlet) of the bridge is submerged. If this coefficient is left blank, the
program selects a coefficient based on the amount of submergence. If
the user enters a coefficient, then that value is used for all degrees of
submergence. The second coefficient applies to the equation that is
used when both the upstream and downstream end of the bridge is
sub-merged. Generally this coefficient is around 0.8. For more
information on pressure flow coefficients see Hydraulics of Bridge
Waterways (FHWA, 1978).
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Max Low Chord - This field is used to set the maximum elevation of
the deck low chord, and therefore the elevation at which pressure flow
begins to be calculated. If this field is left blank, then the elevation
that triggers pressure flow calculations is based on the highest low
chord elevation on the upstream side of the bridge deck. If the user
enters a value in this field, then the value set will be used to trigger
when pressure flow calculations begin. Pressure flow is triggered when
the energy elevation exceeds the maximum low chord. When pressure
flow is calculated, the answer is compared to the low flow answer and
the higher of the two is selected. Alternatively, the user can tell the
program to use the water surface instead of the energy elevation to
trigger pressure flow calculations. This option can be found under the
Bridge and Culvert Options section of this manual.

Once all of the bridge modeling approach information is entered, the
user should press the OK button. When the OK button is pressed the
information will be accepted and the editor will close. Remember!
The data are not saved to disk at this point, it is only accepted
as being valid. To save the geometric data, use the File menu from
the Geometric Data Editor window.

Bridge Design Editor

The bridge design editor allows the user to enter or modify bridge data
quickly and conveniently. With this editor the user can enter the
deck/roadway data, sloping abutments, and pier information. To put
together a bridge with this editor, the user would do the following:

1. From the Geometric Data window, open the Bridge/Culvert data
editor. Select the River and Reach in which you would like to place
the bridge.

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. Open the Bridge Design editor by pressing the Bridge Design
button on the lower left side of the Bridge/Culvert Data editor.

4. Enter the required data for the bridge deck/roadway, sloping
abutments (optional), and piers (optional).

When the Bridge Design button is pressed, a window will appear as
shown in Figure 6-22. The user only has to enter a minimal amount of
information to build or edit the bridge. To create the bridge
deck/roadway, the user must enter a high cord elevation (top of road)
and a low cord elevation (maximum elevation inside of the bridge
opening).
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Figure 6-22 Bridge Design Editor

The user has the option to limit the width of the bridge opening by
selecting the Add Vertical Walls in Deck option. When this option is
selected, the bridge opening will be limited to either the main channel
bank stations (this is the default) or a user specified width (this is
optional). Everything left and right of the bridge opening will be
completely filled in all the way to the ground elevations. If the user
enters a bridge opening width, the opening will be centered between
the main channel bank stations.

The user also has the option to enter sloping abutments. Sloping
abutments should only be entered after selecting to limit the width of
the bridge opening with the vertical walls option. To enter sloping
abutments, the user only has to enter a slope in units of horizontal to
vertical. The program will automatically build a left and right sloping
abutment that starts in the upper left and right corners of the bridge
opening.

Once all of the bridge deck/roadway information is entered, the user
can have the program build the deck/roadway by pressing the Make
Deck/Roadway button.

The last option available in the Bridge Design editor is to enter pier
information. The user enters the number of piers, the upstream and
downstream stationing of the left most pier, the spacing between the
centerline of the piers, and the width of the piers. The user then
presses the Make Piers button to have the interface build the piers.
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After all of the bridge data are entered, the user presses the Close
button to get out of the editor. The bridge data can be changed at any
time by either going back into the Bridge Design editor and entering
new values, or by going to the more detailed editors for the bridge
deck/roadway, sloping abutments, and piers.

Culvert Hydraulic Computations

The culvert hydraulic computations in HEC-RAS are similar to the
bridge hydraulic computations, except the Federal Highway
Administration's (FHWA) standard equations for culvert hydraulics
under inlet control are used to compute the losses through the
structure (when a culvert is under inlet control conditions). Outlet
control hydraulics are handled by balancing the energy equation from
downstream to upstream. The HEC-RAS culvert routines are also
capable of handling all 6 of the flow classifications outlined in the
USGS publication “Measurement of Peak Discharge at Culverts by
Indirect Methods” (USGS, 1976).

Because of the similarities between culverts and other types of
bridges, the cross section layout, the use of ineffective areas, the
selection of contraction and expansion coefficients, and many other
aspects of bridge analysis apply to culverts as well.

The culvert routines in HEC-RAS have the ability to model nine
different types of culvert shapes. These shapes include box
(rectangular), circular, elliptical, arch, pipe arch, semi circular, low
profile arch, high profile arch, and Con Span culverts.

The analysis of flow in culverts is complicated. It is common to use
the concepts of "Inlet" control and "Outlet" control to simplify the
analysis. Inlet control flow occurs when the flow carrying capacity of
the culvert entrance is less than the flow capacity of the culvert barrel.
Which means the culvert entrance is controlling the resulting
headwater elevation for a given flow passing through the culvert.
Outlet control flow occurs when the culvert carrying capacity is
limited by downstream conditions or by the flow capacity of the culvert
barrel. The HEC-RAS culvert routines compute the headwater required
to produce a given flow rate through the culvert for inlet control
conditions and for outlet control conditions. In general, the higher
headwater "controls,” and an upstream water surface is computed to
correspond to that energy elevation.

Inlet Control Computations. For inlet control, the required
headwater is computed by assuming that the culvert inlet acts as an
orifice or a weir. Therefore, the inlet control capacity depends
primarily on the geometry of the culvert entrance. Extensive
laboratory tests by the National Bureau of Standards, and the Bureau
of Public Roads (now, FHWA), and other entities resulted in a series of
equations which describe the inlet control headwater under various
conditions. These equations are used by HEC-RAS in computing the
headwater associated with inlet control.
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Outlet Control Computations. For outlet control flow, the required
headwater must be computed considering several conditions within the
culvert and the downstream tailwater. For culverts flowing full, the
total energy loss through the culvert is computed as the sum of friction
losses, entrance losses, and exit losses. Friction losses are based on
Manning's equation. Entrance losses are computed as a coefficient
times the velocity head in the culvert at the upstream end. EXxit losses
are computed as a coefficient times the change in velocity head from
just inside the culvert (at the downstream end) to outside the culvert.

When the culvert is not flowing full, the direct step backwater
procedure is used to calculate the profile through the culvert up to the
culvert inlet. An entrance loss is then computed and added to the
energy inside the culvert (at the upstream end) to obtain the upstream
energy (headwater). For more information on the hydraulics of
culverts, the reader is referred to Chapter 6 of the HEC-RAS Hydraulics
Reference manual.

Entering and Editing Culvert Data

Culvert data are entered in the same manner as bridge data. To enter
culvert data the user presses the Bridge/Culvert button on the
Geometric Data window (Figure 6-1). Once this button is pressed, the
Bridge/Culvert Data Editor will appear (Figure 6-12). To add a culvert
group to the model the user must then do the following:

1. Select the river and reach that you would like to place the culvert
in. This selection 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 of the Bridge/Culvert editor 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
culvert group. After entering the river station, press the OK button
and the cross sections that bound the new culvert group will
appear in the editor.

3. Enter all of the required data for the culvert group. This includes
the road embankment information and the culvert specific data.
The roadway information is entered in the same manner as a
bridge (using the deck/roadway editor). To enter culvert specific
data, press the Culvert button on the Bridge/Culvert Data editor.

4. Once all of the culvert data are entered, press the OK button in
order for the interface to accept the information.

River, Reach and River Station. The River and Reach boxes allow
the user to select a river and reach from the available reaches that
were put together in the schematic diagram. The reach label defines
which reach the culvert will be located in. The River Station tag
defines where the culvert will be located within the specified reach.
The River Station tag does not have to be the actual river station of
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the culvert, but it must be a numeric value. The River Station tag for
the culvert should be numerically between the two cross sections that
bound the culvert. 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 culvert. After the River
Station tag is entered, the two cross sections that bound the culvert
will be displayed on the editor.

Description. The description box is used to describe the culvert
location in more detail than just the river, 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 culvert
plots and tables.

Culvert Road Embankment. The culvert road embankment is
virtually the same as the bridge deck/roadway information. The road
embankment is used to describe the area blocking the stream and the
roadway profile. The only difference in the information for culverts is
that the low chord elevations should be left blank or set to elevations
below the ground data. This will cause the road embankment to
completely fill the channel up to the roadway elevations (high chord
data). Therefore, the only opening below the roadway will be
whatever culvert openings are entered.

To enter the culvert roadway information, press the Deck/Roadway
button on the Bridge/Culvert Data Editor window. For an explanation
of the deck information, please review the section entitled Bridge
Deck/Roadway found earlier in this chapter.

Culvert Data. To enter culvert specific information, press the
Culvert button on the Bridge/Culvert Data Editor window. When this
button is pressed, the Culvert Data Editor will appear as shown in
Figure 6-23 (Except yours will be blank). The information entered in
the Culvert Data Editor consists of the following:
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Culvert Data Editor

! .ﬁ.dd...| Copy | Delete .. |CulvertID |_ |

Solution Criteria: |Highestu.5. EG J Rename . ﬂ ﬂ
Shape: |Eh:|x j Span: | Rise: |3

Chart |1I]— 90 degree headwall; Chamfered or beveled inlet j

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

Distance to Upstrm ¥5: |5 Upstream Invert Elev: |28.1

Culvert Length: 50 Downstream Invert 28
Entrance Loss Coeff: ﬂ # identical barrels : E

Exit Loss Coeff: Centerline Stations

Manning's n for Top: 0.013 J Upstream |3'nwnstream

Manning's n for Bottom: |0.013 8| 563.5 388.5
2(1011.5 1011.5
Depth to use Bottom n: |0 3
Depth Blodked: 0 4| j
oK | Cancel | Help |

Select culvert to edit

Figure 6-23 Culvert Data Editor

Culvert ID# - The culvert identifier (ID#) is automatically assigned to
"Culvert #1" the first time you open the editor. The user can enter up
to ten culvert types if they are working on a multiple culvert, opening
problem. If all of the culvert barrels are exactly the same, then only
one culvert type (Culvert ID#) should be entered. The number of
barrels is an input parameter in the culvert data. If the user has
culverts that are different in shape, size, elevation, or loss coefficients,
then additional culverts types (Culvert ID#'s) must be added for each
culvert type. To add an additional culvert type you can either use the
Add or Copy buttons. The Add button increments the culvert ID# and
clears the culvert editor. The Copy button increments the culvert ID#
and makes a copy of the original culvert data. Once a copy is made of
a culvert, the user can change any of the existing culvert information.
Culverts can be deleted by pressing the Delete button.

Solution Criteria - This option allows the user to select between taking
the higher of the inlet control and outlet control answers (Highest U.S.
EG), or specifically selecting the Inlet control or Outlet control answer.
The default is to let the program compute both and take the higher of
the two. In general this should be left this way. The only time a user
should specifically select Inlet control or Outlet control, is when they

feel the program is in error by selecting the higher of the two answers.
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Rename - This button allows the user to put in their own identifier for
each of the culvert types. By default the culvert types will be labeled
"Culvert #1," "Culvert #2," and so on. The user can enter up to
twelve characters for each culvert type.

Shape - The shape selection box allows the user to select from one of
the nine available shapes. This selection is accomplished by pressing
the down arrow on the side of the box, then selecting one of the nine
available shapes.

Span - The span field is used to define the maximum width inside of
the culvert. The span is left blank for circular culverts.

Rise - The rise field describes the maximum height inside of the
culvert.

Chart # - This field is used to select the Federal Highway
Administration Chart number that corresponds to the type and shape
of culvert being modeled. Once the user has selected a culvert shape,
the corresponding FHWA chart numbers will show up in the chart #
selection box. More information on FHWA chart numbers can be found
in the Hydraulics Reference manual.

Scale# - This field is used to select the Federal Highway Administration
Scale number that corresponds to the type of culvert entrance. Once
the user has selected a culvert shape and chart #, the corresponding
FHWA scale numbers will show up in the scale selection box. More
information on FHWA scale numbers can be found in the Hydraulics
Reference manual.

Distance to Upstream XS - This field is used to locate the culvert in
space, relative to the two cross sections that bound the culvert
crossing. The user should enter the distance between the upstream
cross section and the upstream end of the culvert barrel.

Culvert Length - The culvert length field describes the length of the
culvert along the centerline of the barrel.

Entrance Loss Coefficient - The coefficient entered in this field will be
multiplied by the velocity head inside of the culvert at the upstream
end. This value represents the amount of energy loss that occurs as
flow transitions from the upstream cross section to inside the culvert
barrel. This coefficient is used in the outlet control computations, and
will not affect inlet control computations, as they are performed with
the Federal Highway Inlet Control equations directly.

Exit Loss Coefficient - The coefficient entered in this field will be
multiplied by the change in velocity head from inside the culvert to
outside the culvert at the downstream end. This value represents the
energy loss that occurs as water exits the culvert. This coefficient is
used in the outlet control computations.

Manning’s n for Top - The n-value fields are used for entering the
Manning's n values of the culvert barrel. This version of HEC-RAS
allows the user to enter a separate n value for the top (which includes
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top and sides) of the culvert, as well as for the bottom. If the culvert
has the same roughness for the top and bottom, the user can enter
the value for the top. The Manning’s n value for the bottom will
automatically be copied from the top field.

Manning’s n for Bottom — This field is used to enter a Manning’s n
value for the bottom of the culvert. This n value will be used up to a
user specified depth inside of the culvert. When the water surface
gets higher than that depth, a composite Manning’s n value is
computed based on the bottom and top n values and their
corresponding wetted perimeters.

Depth to use Bottom n — This field is used to specify the depth that the
“Bottom n value” is applied inside of the culvert. The surface of the
culvert below this depth is given the n value for the bottom of the
culvert, while the surface of the culvert above this depth is given the n
value for the top of the culvert.

Depth Blocked — This field is used to block off a portion of the bottom
of the culvert. When a value is entered into this field, the culvert is
completely blocked up to the depth specified. This blocked out area
persists the whole way through the culvert.

Upstream Invert Elevation - This field is used to describe the elevation
of the culvert invert at the upstream end.

Downstream Invert Elevation - This field is used to describe the
elevation of the culvert invert at the downstream end.

# ldentical Barrels - This field is used to display the number of
identical barrels. The number of identical barrels is limited to 25. To
enter more than one identical barrel, the user must provide different
centerline stationing information for each barrel. As the centerline
stationing information is added, the number of identical barrels will
automatically change to reflect the number of centerline stations. The
user does not enter anything into this field, it is just used to display
the number of identical barrels.

Centerline Stations - This table is used to enter the stationing of each
culvert barrel. Centerline stations must be provided for both the
upstream and downstream side of each culvert barrel.

Once all of the culvert 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
culvert editor is closed, the graphic of the culvert will appear on the
Bridge/Culvert Data editor window. An example culvert with two
culvert types and two identical barrels for each culvert type is shown
in Figure 6-24. Note! The data are not saved to the hard disk at
this point. Geometric data can only be saved from the File menu on
the Geometric Data window.
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Figure 6-24 Bridge/Culvert Data Editor with example culvert

Bridge and Culvert Options

Some additional options that are available, but not required, are found
under the Options menu from the Bridge/Culvert Data Editor. These
include the following:

Add a Bridge and/or Culvert. This option initiates the process of
adding a bridge or culvert to the data set. The user is prompted to
enter a river station tag for the new bridge or culvert. The river
station tag locates the bridge or culvert within the selected reach.
Once the river station is entered, the Bridge/Culvert Data editor is
cleared and the user can begin entering the data for that new bridge
or culvert.

Copy Bridge and/or Culvert. This option allows the user to make a
copy of the bridge and/or culvert crossing and place it in another reach
and/or river station within the current project.

Rename River Station. This option allows the user to change the
river station of the currently opened Bridge and/or Culvert crossing.
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Delete Bridge and/or Culvert. This option will delete the currently
displayed bridge or culvert. The user is prompted with a message
stating specifically which bridge or culvert is going to be deleted, and
requesting them to press the OK button or the Cancel button.

Internal Bridge Cross-Sections. This option allows the user to edit
the two cross sections inside of a bridge. These two cross sections are
a copy of the cross sections just upstream and downstream of the
bridge. If the ground elevations inside of the bridge are different than
just outside of the bridge, then the internal bridge cross sections
should be modified to reflect the changing elevations. This option
allows the user to change the station and elevation data, roughness
coefficients, and main channel bank stations for each of the two
internal bridge cross sections.

Momentum Equation. This option allows the user to change the
components of the momentum equation. The momentum equation is
one of the optional low flow methods in the bridge routines. The
default momentum equation includes terms in the equation to account
for friction losses and the weight of water component. The user can
turn either or both of these components off from this option.

Momentum Class B Defaults. If the program computes that the
flow must pass through critical depth inside the bridge (Class B flow),
critical depth will automatically be located inside the bridge at the
most constricted cross section. If both cross sections are identical, the
program will locate critical depth at the upstream inside cross section.
This option allows the user to control where the program sets critical
depth for class B flow. If the user feels that it would be better to set
critical depth inside the bridge at the downstream end, then this can
be selected.

Pressure Flow Criteria. This option allows the user to select either
the energy grade line or the water surface, to be used as the criterion
for when the program begins checking for the possibility of pressure
flow. By default the program uses the energy grade line. This does
not change how pressure flow is calculated, only when the program
will begin checking for pressure flow.

Ice Option. This option allows the user to select how ice will be
handled inside of the bridge during ice computations. This option is
only pertinent if the user is performing a profile computation with the
effects of ice included. When this option is selected, a window wiill
appear asking the user to select one of three available options. These
options include: no ice inside of the bridge; a constant amount of ice
through the bridge; dynamic ice effects are to be computed through
the bridge.

Skew Bridge/Culvert. This option allows the user to make
adjustments to bridge/culvert data that is skewed (i.e. not
perpendicular to the flow lines going through the bridge/culvert. When
this option is selected, a window will appear allowing the user to enter
a skew angle for the deck/roadway, as well as the piers. The
stationing of the deck/roadway is reduced, by multiplying it by the
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cosine of the user entered skew angle. Additionally, the user has the
option to adjust the upstream and downstream cross sections
bounding the bridge by the same skew angle. A separate skew angle
is entered for bridge piers. The piers are assumed to go the whole
way through the bridge as a single continuous pier. For more details
on modeling bridges that are skewed to the flow, see the section called
“Bridges on a Skew” in chapter 5 of the Hydraulic Reference Manual.

Bridge and Culvert View Features

Several options are available for viewing the bridge/culvert geometric
data. These options include: Zoom In; Zoom Out; Display Upstream
XS; Display Downstream XS; Display Both; Highlight Weir, Opening Lid
and Ground; Highlight Piers; and Grid. These options are available
from the View menu on the bridge/culvert data editor.

Zoom In. This option allows the user to zoom in on a piece of the
bridge or culvert. 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 area of the bridge or culvert.

Zoom Out. This option displays the bridge or culvert back into its
original size before you zoomed in. Zooming out is accomplished by
selecting Zoom Out from the View menu bar on the bridge/culvert
data editor.

Full Plot. When this option is selected, the graphic is automatically
redrawn back to its full extent, showing the entire bridge/culvert.

Pan. When this option is selected, the user can move the zoomed in
portion of the graphic. This is accomplished by first selecting the Pan
option, then pressing and holding down the left mouse button while
over the graphic. Next, move the graphic in the desired direction, and
then release the left mouse button. The graphic will be redrawn with a
new portion of the graphic shown in the zoomed in area.

Display Upstream XS. When this option is selected, only the
upstream side of the bridge or culvert will be displayed.

Display Downstream XS. When this option is selected, only the
downstream side of the bridge or culvert will be displayed.

Display Both. When this option is selected, both the downstream and
upstream sides of the bridge will be displayed in the viewing area.

Highlight Weir, Opening Lid and Ground. When this option is
selected, various portions of the bridge/culvert graphic will be
highlighted. The program will highlight in red the combination of the
deck/roadway high cord and any ground to the left and right of this
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data. The red color shows what the program will use for weir flow if
the Pressure and Weir option is selected for high flows.

The program will also highlight any bridge openings. Within the bridge
opening, the ground information will be highlighted in blue and the lid
of the opening (deck/roadway low cord data) will be highlighted in
green. If the any of these three colors show up in an area where they
should not be, then there must be a geometric mistake in the data.
This option is very useful for detecting any data entry errors that may
otherwise go unnoticed.

Highlight Piers. When this option is turned on the interface will
highlight what it thinks is the extent of the pier information. This
option allows the user to see exactly what the program thinks piers
are, and to see how the pier information has been clipped. Piers are
clipped below the ground and above the low chord of the bridge.

Grid. This option allows the user to have a grid overlaid on top of the
bridge or culvert graphic.

Multiple Bridge and/or Culvert Openings

HEC-RAS has the ability to model multiple bridge and/or culvert
openings at any individual river crossing. Types of openings can
consist of bridges, culvert groups (a group of culverts is considered to
be a single opening), and conveyance areas (an area where water will
flow as open channel flow, other than a bridge or culvert opening). Up
to seven openings can be modeled at a given location, and any
combination of bridges and culvert groups can be used. Conveyance
type openings can range from zero to a maximum of two, and the
conveyance areas must be located on the far left and far right of the
river crossing.

An example multiple opening is shown in Figure 6-25. As shown in
this example, there are three types of openings: a conveyance area
(left side, labeled as opening #1), a bridge (labeled as opening #2),
and a culvert group (labeled as opening #3). During low flow
conditions, flow will be limited to the bridge opening. As flow
increases, the culverts will begin to take some of the flow away from
the bridge opening. The conveyance area was defined as ineffective
flow (no conveyance) until the water surface goes above the top of the
bridge. This was accomplished by setting blocked ineffective flow
areas. In this example, three blocked ineffective flow areas were
established: one to the left of the bridge (which encompasses the
whole conveyance area), one between the bridge and the culvert
group, and one to the right of the culvert group.
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Figure 6-25 Example Multiple Opening River Crossing

En

Mu

tering Multiple Opening Data

Itiple opening data are entered in the same manner as any other

bridge or culvert crossing. In general, the user should perform the

foll
1.

2.

owing steps to enter multiple opening data:
Press the Bridge/Culvert button on the Geometric Data window.

Select the river and reach in which you would like to place the
multiple opening river crossing. This is accomplished from the
River and Reach boxes near the top of the window.

Select Add a Bridge and/or Culvert from the Options menu of
the bridge and culvert editor. Enter the river station at which you
want to place the multiple opening crossing. Once you have done
this, the two cross sections that bound this river station will appear
in the window. These two cross sections, along with the bridge and
culvert information, will be used to formulate the two cross
sections inside the multiple opening river crossing.

Enter the deck and road embankment data by using the
Deck/Roadway editor.

Enter any piers or sloping abutments that are required.

Select the Bridge Modeling Approach button and enter a set of
coefficients and modeling approaches for each bridge opening.
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7. Enter Culvert data for any culvert openings.

8. Select the Multiple Opening Analysis button on the bridge and
culvert editor. Enter the types of openings and their station limits.
Start at the left most station of the crossing and work your way to
the right end. This is explained in greater detail under the section
entitled "Defining the Openings".

Deck/Road Embankment Data. There can only be one deck and
road embankment entered for any bridge and/or culvert crossing. The
deck editor is used to describe the area that will be blocked out due to
the bridge deck and road embankment. As shown by the gray shaded
area in Figure 6-25, the deck and roadway data are used to block out
area around the bridge as well as around the culverts. In the area of
the bridge, high and low chord information is entered in order to define
the top of road as well as the bridge opening. In the area of the
culverts, the high chord information is entered to define the rest of the
top of the road embankment. However, the low chord information can
be left blank, or set to elevations below the ground, because the
culvert data define the culvert openings.

Piers and abutments. All piers are entered from the pier editor,
which was described previously under bridge data. The number of
bridge openings has no impact on how pier data are entered. Piers are
treated as separate information. Once the user establishes that there
is more than one bridge opening, the program is smart enough to
figure out which piers go with which opening. If any sloping abutment
data are required for a bridge opening, it can be entered as described
previously under the bridge data section.

Bridge Modeling Approach. A bridge modeling approach and
coefficient set must be established for at least one bridge opening. If
there is more than one bridge opening, and the user has only
established a single coefficient set and bridge modeling approach,
those data will be used for all of the bridge openings. The user can
establish a different set of coefficients and modeling approaches for
each bridge opening.
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Figure 6-26 Bridge Modeling Approach Editor

As shown in Figure 6-26, the user must enter information under the
Bridge Modeling Approach editor for at least one bridge Opening.
Bridge openings are referred to as Bridge # 1, Bridge # 2, etc., up to
the number of bridge openings. Bridge # 1 represents the left most
bridge opening while looking in the downstream direction. Bridge # 2
represents the next bridge opening to the right of Bridge # 1, and so
on. The user can enter additional coefficient sets and modeling
approaches by selecting either the Add or Copy button. If either of
these buttons is selected, the Bridge # will automatically be
incremented by one. The user can then enter or change any of the
information on the editor for the second bridge opening. Any bridge
opening that does not have a corresponding coefficient set and
modeling approach, will automatically default to what is set for Bridge
# 1.

Culvert Data. Culvert information is added in the same manner as
described in the previous section called "Entering and Editing Culvert
Data." Culverts will automatically be grouped based on their
stationing.
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Defining the Openings

Once all of the bridge and/or culvert data are entered for a multiple
opening river crossing, the last step is to define the number and type
of openings that are being modeled. This is accomplished by pressing
the Multiple Opening Analysis button on the Bridge/Culvert Data
editor. Once this button is pressed, an editor will appear as shown in
Figure 6-27 (except yours will be blank the first time you bring it up).

Multiple Opening Analysis _1 '

Culvert Group | Bridge | Insert Row | Delete Row |

Lipstream Downstream
Opening Type | Station Left | Station Right | Stationleft | Station Right
Conveyance 98 260 98 260
Bridge 260 750 260 750
Culvert Group | 700 940 700 240

(]4 Cancel Help Copy Up to Down

Press enter to make the selected opening a conveyance opening.
Figure 6-27 Multiple Opening Analysis window

The user selects from the three available opening types: Conveyance;
Culvert Group; and Bridge. Openings must be established in order
from left to right, while looking in the downstream direction. In
addition to establishing the number and types of openings, the user
must also enter a Station Left and a Station Right for each opening.
These stations are used to establish limits for each opening as well as
stagnation points. Stagnation points are the locations at which flow
separates (on the upstream side) from one opening to the next
adjacent opening. Stagnation points can either be set to fixed
locations or they can be allowed to migrate within limits.

As shown in Figure 6-27 (numerical representation) and Figure 6-25
(graphical representation), there are three openings established in this
example. The first opening is defined as a conveyance area, and it
ranges from station 98 (the left most station of the section) to station
260. That means that any water in this area will be treated as normal
open channel flow, and the water surface will be calculated by
performing standard step calculations with the energy equation. The
second opening is the bridge opening. This opening has a left station
of 260 and a right station of 740. This bridge will be modeled by using
the cross section data, bridge deck, and pier information that lie within
these two stations (260 and 740). The bridge coefficients and
modeling approach for this opening will be based on the data entered
for bridge opening #1, since it is the first bridge opening. The third
opening is a culvert group. This opening has a left station of 650 and

6-65



Chapter 6 Entering and Editing Geometric Data

a right station of 940. Any culverts that lie within these stations will
be considered as being in the same culvert group.

Notice that the right station of the bridge opening overlaps with the
left station of the culvert group. This is done on purpose. By
overlapping these stations, the user is allowing the program to
calculate the location of the stagnation point between these two
openings. This allows the stagnation point to vary from one profile to
the next. In the current version of the HEC-RAS software, stagnation
points are allowed to migrate between any bridge and culvert group
openings. However, stagnation points must be set to a fixed location
for any conveyance opening type. A more detailed explanation of
stagnation points, and how the program uses them, can be found in
the HEC-RAS Hydraulics Reference manual, under the section on
Multiple Openings (Chapter 7).

Once the user has entered all of the information into the Multiple
Opening Analysis window, simply press the OK button to accept the
data.

Multiple Opening Calculations

Multiple opening calculations are computationally intensive. An
iterative solution approach is used, by which the amount of flow
through each opening is adjusted until the computed upstream
energies of each opening are balanced within a predefined tolerance.
The general approach of the solution scheme is as follows:

1. The program makes a first guess at the upstream water surface by
setting it to the computed energy of the cross section just
downstream of the bridge.

2. The program sets an initial flow distribution. This is accomplished
by first calculating the amount of active flow area in each opening,
based on the water surface from step one. The program then
apportions the flow by using an area weighting (i.e., if an opening
has 40 percent of the active flow area, then it will receive 40
percent of the flow).

3. Once a flow distribution is established, the program then calculates
the water surface and energy profiles for each opening, using the
estimated flow.

4. Once the program has computed the upstream energy for each
opening, a comparison is made between the energies to see if a
balance has been achieved (i.e., all energies are within the
predefined tolerance). If the energies are not within the set
tolerance, the program re-distributes the flow based on the
computed energies.

5. The program continues this process until either the computed
energies are within the tolerance or the number of iterations
reaches a pre-defined maximum. The energy balance tolerance is
set as 3 times the user entered water surface calculation tolerance
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(The default is 0.03 feet or 0.009 meters). The maximum number
of iterations for multiple opening analysis is set to 1.5 times the
user entered maximum number of iterations from the normal water
surface calculations (the default is 30 for multiple openings).

A more detailed discussion of how the program performs the multiple
opening analyses can be found in Chapter 7 of the HEC-RAS Hydraulic

Reference manual.
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Inline Structures (Dams, Weirs and Gated Spillways)

Inline
Structure

HEC-RAS has the ability to model inline dams, weirs, and gated
structures with radial gates (often called tainter gates), vertical lift
gates (sluice gates), overflow gates (open to the air or with a closed
top), gates modeled with user defined curves, culverts, culverts with
flap gates, user defined outlet rating curves, and user specified outlet
time series. The spillway crest of the gates can be modeled as an
ogee shape, broad crested weir, or a sharp crested weir shape.

This section of the User’s manual will describe how to enter the data
for inline structures. For information on general modeling guidelines
and the hydraulic computations of Inline Structures, please see
Chapter 8 of the HEC-RAS Hydraulic Reference manual. To find out
how to view specific results for an inline structure, see Chapter 9 of
this User’'s manual.

Entering and Editing Inline Structure Data

Inline structure data are entered in a similar manner as bridge and
culvert data. To enter an inline structure, press the Inline Structure
button from the Geometric Data window. Once this button is pressed,
the Inline Structure Data editor will appear as shown in Figure 6-28
(except yours will be blank until you have entered some data).

6-68



Chapter 6 Entering and Editing Geometric Data

i s =l |
Eile View QOptions Help
River: - |+

Reach: |Weir Reach | River 5ta.:[41.75 ~ 41

Upstream ¥5: __ 4178 Upstream channel length: 20 (ft)

Description |In|ine Weir and Gated Spillway i B

Pilot Flow |D Breach (plan data) ... | Rules {unsteady data) ... |
All Culverts: |No Flap Gates j

\wleir . .
Embakment Inline Structure with 3 Gate Groups

River = Nittany River Reach =Weir Reach Movember 1985 Flood Event

| Gate 303

IEIH Legend

—] ] p——
ol 1 Ground
—h—

ZDj
| Qutlet

107 { D
0]
]

~ |

Culvert

| Outlet

IE

Ineff
*
Bank Sta

Elevation ()

0 200 400 00 800 1000
Station (ft)

Select the river for inline structure editing
Figure 6-28 Inline Structure Data Editor
To add an inline structure to a model, the user must do the following:

1. Select the river and reach that you would like to place this inline
structure into. This is accomplished by first selecting a River, then
selecting a specific reach within that river. The River and Reach
selection buttons are at the top of the Inline Structure Data editor.

2. Go to the Options menu at the top of the window and select Add
an Inline Structure from the list. An input box will appear asking
you to enter a river station identifier for locating this structure
within the reach. After entering the river station, press the OK
button and a copy of the cross section just upstream of this river
station will appear on the screen. This cross section is used in
formulating the inline structure crossing.

3. Enter all of the data for the Inline structure. This data will include
a Weir/Embankment profile, any gated spillways that you may be
modeling, culverts, and/or outlet rating curves. All of the outlet
types are optional, except the embankment profile of the inline
structure. If the user does not enter any gated spillways, culverts,
etc..., then the program assumes that there is only an inline weir.
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4. Once all of the Inline Structure data are entered, press the Apply
Data button in order for the interface to accept the data. The
editor can then be closed by selecting Exit from the File menu at
the top of the window.

River, Reach, and River Station. The River and Reach boxes allow
the user to select a river and reach from the available reaches that
were put together in the schematic diagram. The river and reach
labels define which river and reach the inline structure will be located
in. The River Station tag defines where the structure will be located
within the specified reach. The River Station tag does not have to be
the actual river station of the structure, but it must be a numeric
value. The River Station tag for the inline structure should be
numerically between the two cross sections that bound the structure.
Once the user selects Add an Inline Structure from the options
menu, an input box will appear prompting you to enter a River Station
tag for the new structure. After the River Station tag is entered, the
cross section just upstream of the Inline Structure will be displayed on
the editor.

Description. The description box is used to describe the Inline
Structure location in more detail than just the river, 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 the Inline Structure plots and tables.

Pilot Flow. This option allows the user to put in a flow rate that will
be used as a minimum flow release from the structure. If you have an
inline structure in HEC-RAS, no cross section in the model can go dry
during the simulation. While you can have a zero flow at the
structure, the upstream and downstream cross sections must always
have water in them. The pilot flow option is a simple way to ensure
that there is always some minor flow going through the structure.

Breach (Plan Data). This button allows the user to define
information for evaluating the breaching of this inline structure. The
data is actually stored in the currently opened plan file. The editor can
also be brought up from the plan editor. This option is only for
unsteady flow modeling. To learn more about this option, see Chapter
8 “Performing an Unsteady Flow Analysis.”

Rules (unsteady Data). This button brings up the Unsteady Flow
Data and Boundary Conditions editor and allows the user to define a
set of rules for controlling the gate openings. For more details on the
Rules editor, please see Chapter 8, Performing an Unsteady Flow
Analysis”, in this manual.

All Culverts: This drop down selection box allows user to add flap
gates to any culverts entered on the inline structure. The default is for
“No Flap Gates”, which means flow can go in both directions through
the culverts. The other options include “Flaps prevent Negative Flow”,
which means flow can only go in the positive flow direction through the
culverts (Downstream), and “Flaps prevent Positive Flow”, which
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means flow can only go in the negative direction through the culverts
(upstream).

Weir/Embankment Editor

The Embankment and Weir data are entered together, and are used to
describe the embankment blocking the stream as well as any
uncontrolled overflow weirs. To enter the weir and embankment data,
press the Weir/Embankment button and the editor will appear
(Figure 6-29). The Weir/Embankment Data editor is similar to the
Deck/Roadway editor for bridges and culverts. The data on the
Weir/Embankment editor is the following:

Distance - The distance field is used to enter the distance between the
upstream side of the Weir/Embankment (the top of the embankment)
and the cross section immediately upstream of the structure. This
distance is entered in feet (or meters for metric).

finiine Structure Weit
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| |50 3.95

Clear | Del Row | Inz Row | Filter. .. |

Edit Station and Elevation coordinates
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S0 | | fon | s R e e
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Enter distance between upstream cross section and dedsjroadway. (ft)

Figure 6-29 Weir and Embankment Data Editor

Width - The width field is used to enter the width of the top of the
embankment along the stream. The distance between the top of the
downstream side of the embankment and the downstream bounding
cross section will equal the main channel reach length of the upstream
cross section minus the sum of the weir/embankment "width" and the
"distance" between the embankment and the upstream section. The
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width of the embankment should be entered in feet (meters for
metric).

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

Station and Elevation Coordinates - This table is used to define the
geometry of the Weir and the Embankment. The information is
entered from left to right in cross section stationing. The user enters
stations and elevations of the top of the embankment and weir. The
stationing does not have to equal the stations in the bounding cross
section, but it must be based on the same origin. Everything below
these elevations will be filled in down to the ground. The Del Row
and Ins Row buttons allow the user to delete and insert rows.

U.S. Embankment SS - This field is used to enter the slope of the road
embankment on the upstream side of the structure. The slope should
be entered as the horizontal to vertical distance ratio of the
embankment.

D.S. Embankment SS - This field is used to enter the slope of the road
embankment on the downstream side of the structure. The slope
should be entered as the horizontal to vertical distance ratio of the
embankment.

Weir Crest Shape - When submergence occurs over the weir there are
two choices available to figure out how much the weir coefficient
should be reduced due to the submergence. These two criteria are
based on the shape of the weir. 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. If the user selects the Ogee Spillway shape, then some
additional information is required. For an Ogee shaped weir the user
must enter the "Spillway Approach Height" and the "Design Energy
Head". The spillway approach height is equal to the elevation of the
spillway crest minus the mean elevation of the ground just upstream
of the spillway. The design energy head is equal to the energy grade
line elevation (at the design discharge) minus the elevation of the
spillway crest. In addition to these two parameters, the user has the
option to have the program calculate the weir coefficient at the design
discharge. This is accomplished by pressing the Cq button. Once this
button is pressed, the program will compute a weir coefficient for the
Ogee spillway based on the design head. During the weir calculations,
this coefficient will fluctuate based on the actual head going over the
spillway. The curves used for calculating the Ogee spillway coefficient
at design head, and discharges other than design head, were taken
from the Bureau of Reclamation publication "Design of Small Dams",
Figures 249 and 250 on page 378 (Bureau of Reclamation, 1977).

Gated Spillway Editor

In addition to uncontrolled overflow weirs, the user can add gated
spillways (this is optional). To add gated spillways to the structure,
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press the Gate button on the Inline Structure data editor. Once this
button is pressed, the gated editor will appear as shown in Figure 6-30
(Except yours will be blank until you have entered some data).

Inline Gate Editor
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Gate type (or meﬁndulugy}l:hadial
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Figure 6-30 Gated Spillway Editor

The Gated Spillway editor is similar to the Culvert editor in concept.
The user enters the physical description of the gates, as well as the
required coefficients, in the Gated Spillway editor. The functionality of
the gates is defined as part of the Unsteady Flow Data editor or the
Steady Flow data editor (on a per profile basis). The following is a list
of the data contained on this editor:

Gate Group - The Gate Group is automatically assigned to "Gate #1"
the first time you open the editor. The user can enter up to 20
different Gate Groups at each particular river crossing, and each gate
group can have up to 25 identical gate openings. If all of the gate
openings are exactly the same, and any opened gates will be operated
in the same manner, then only one gate group needs to be entered.
However, if the user has gate openings that are different in shape,
size, elevation, have different coefficients, or they will be operated
differently, then additional Gate Groups must be added for each Gate
type. To add an additional gate group you can either use the Add or
Copy buttons. The Add button increments the Gate # and clears the

6-73



Chapter 6 Entering and Editing Geometric Data

gate editor. The Copy button increments the Gate # and makes a
copy of the original Gate group data. Once a copy is made of the gate
data, the user can change any of the existing gate information. Gate
groups can be deleted by pressing the Delete button. Also, if the
gates are identical, but the user wants to be able to open the gates to
different elevations, then the user must have a separate gate group
for each set of gates that will be opened to different elevations. In
steady flow computations, the user can specify the number of gates in
a group to be opened, but in unsteady flow computations all of the
gates in a group are opened in exactly the same way (this is a
limitation of our unsteady flow implementation of gates currently)

Geometric Properties of the Gates

Height - This field is used to enter the maximum possible height that
the gate can be opened in feet (meters for metric).

Width - This field is used for entering the width of the gate in feet
(meters).

Invert - This field is used for entering the elevation of the gate invert
(sill elevation of the spillway inside of the gate) in feet (meters for
metric). For overflow gates this is the lowest elevation that the gate
will open to.

Centerline Stations - This table is used for entering the centerline
stationing of the gate openings. The user should enter a different
centerline stationing for each gate opening that is part of the current
gate group. All gate openings within the same gate group are exactly
identical in every way, except their centerline stationing. As a user
adds new centerline stationing values, the number of identical gates in
the group is automatically incremented and displayed in the field
labeled "# Openings".

Gate Flow Coefficients

Gate Type (or methodology) - This field is used for selecting the type
of gate. Five options are available for gate types: sluice (vertical lift
gate), radial (tainter gate), Overflow (closed top), Overflow (open to
the air), and User Defined Curves. Once a gate type is selected, the
right hand side of the gate editor will change to show the required
information for that gate type. Not all of the information is required
for each gate type.

Discharge Coefficient - This field is used for entering the coefficient of
discharge for the gate opening. This coefficient ranges from 0.6 to 0.8
for Radial gates and 0.5 to 0.7 for sluice gates. This coefficient is not
required for overflow gates that are open to the air.

Trunnion Exponent - This field is used to enter the trunnion height
exponent, which is used in the radial gate equation. The default value
for this field is 0.0.
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Opening Exponent - This field is used to enter the gate opening
exponent, which is used in the radial gate equation. A default value of
1.0 is automatically set for this field.

Head Exponent - This field is used to enter the upstream energy head
exponent, which is used in the radial gate equation. A default value of
0.5 is automatically set for this field.

Trunnion Height - This field is used for entering the height from the
spillway crest to the trunnion pivot point. This data is only used for
radial gates. See Chapter 8 of the Hydraulic Reference manual for

more details on this variable.

Orifice Coefficient - This field is used to enter an orifice coefficient,
which will be used for the gate opening when the gate becomes more
than 80 percent submerged. Between 67 percent and 80 percent
submerged, the program uses a transition between the fully
submerged orifice equation and the free flow gate equations. When
the flow is less than 67 percent submerged, the program uses the free
flow gate equations. This coefficient is not required for overflow gates
that are open to the air.

Head Reference — This field is used to select the reference point for
which the upstream energy head will be computed from. The default
is the gate sill (invert), which is normally used when the flow through
the gate goes out into a channel. If the gate causes the flow to jet out
freely into the atmosphere, then the head reference should be selected
as the centerline elevation of the gate opening. If the gate crest is an
ogee spillway crest, then the center of the gate opening should be
used. Ogee spillway crests are normally designed to follow the shape
of water jetting freely into the atmosphere.

Coefficients for Weir Flow over the Gate Sill

If a gate is opened to the point at which the top of the gate is no
longer touching the water (or if an open air overflow gate is being
used), then the flow through the gate is modeled as weir flow. The
program will automatically transition from gate flow to weir flow when
the upstream head is between 1.0 to 1.1 times the height of the gate
opening. The following parameters are required to model weir flow
through the gate opening.

Weir Shape - This parameter allows the user to select between a Broad
Crested shape weir, an Ogee shaped weir, or a sharp crested weir.
Depending on which shape is selected, the program will use a different
submergence criteria during the calculations. In addition to the
submergence criteria, if the user selects the Ogee shape, the program
will bring up additional data entry fields that must be entered by the
user. For the ogee weir shape, the additional fields are the Spillway
Approach Height and the Design Energy Head, which are explained
below. Once these fields are entered, the user should press the button
labeled Cd. When this button is pressed, the program will compute a
weir coefficient for the Ogee spillway based on the design head.

During the weir calculations, this coefficient will fluctuate based on the
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actual head going over the gated spillway. The curves used for
calculating the Ogee spillway coefficient at design head, and
discharges other than design head, work taken from the Bureau of
Reclamation publication "Design of Small Dams", Figures 249 and 250
on page 378 (Bureau of Reclamation, 1977).

Weir Method — This field is only available when the Sharp Crested Weir
shape is selected. If a sharp crested weir shape is selected, then the
user has three choices for defining the weir coefficient: User Entered
Coefficient; Compute with Rehbock equation; and Compute with
Kindsvater-Carter Equation. If the “User Entered Coefficient” option is
selected, then the user simple enters a coefficient that will be used for
weir flow through the gate, for all head ranges. If the “Rehbock
equation” is selected, the user is asked to enter a spillway approach
height (explained below), and the weir coefficient is then computed
with the Rehbock equation. If the “Kindsvater-Carter equation” is
selected, then the user must enter a spillway approach height, and
also select which form of the Kindsvater- Carter equation will be used.
The form of the Kindsvater-Carter equation is based on selecting one
of eleven equations that are based on varying L/b. Where L is the
width of the gate opening, and b is the top width of the approaching
water upstream of the gate. If more than one gate is defined at a
particular opening, you must figure out an average approach width for
flow going to each gate.

Weir Coefficient - This field is used for entering a weir coefficient that
will be used for the gate opening. This coefficient will only be used
when the gate is opened to an elevation higher than the upstream
water surface elevation. When this occurs, the flow through the gate
is calculated as weir flow. If the Kindsvater-Carter equation is
selected, then this field is used to select which form of the equation
will be used to compute the coefficient.

Spillway Approach Height - The spillway approach height is equal to
the elevation of the spillway crest minus the mean elevation of the
ground just upstream of the spillway.

Design Energy Head - The design energy head is equal to the energy
grade line elevation (at the design discharge) minus the elevation of
the spillway.

User Defined Gate Curves

When the user selects “User Defined Curves” for the gate type, then
the editor will change to look like the one shown in Figure 6-31.
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Figure 6-31. Gate Editor with User Defined Curves Selected.

As shown in Figure 6-31, the user must select the button that says
“Enter/Edit User Defined Curves”. This will bring up another editor
that allows the user to enter the curves into a table. The user is also
required to give a name for each set of curves. More than one curve
set can be entered, and the user can then select a different curve set
for each gate group (if desired). Each curve set represents the head
versus flow relationships for one single gate opening. When there are
2 or more identical gates in a group, each gate in the group gets the
same curve set applied to it. When the “Enter/Edit User Defined
Curves” button is pressed, a new editor will appear as shown in Figure
6-32.

Important Note: The user defined gate curves represent a set of
curves, one curve for each gate opening, in which the curve is based
on headwater only control, and no downstream tailwater influence. To
include the influence of tailwater, the user would have to enter a full
family of rating curves (Headwater, tailwater and flow) for every
possible gate opening). This is beyond the scope of this option. The
normal mode of computing gate flow from the gate flow equations
takes into account the influence of tailwater, but this user entered
curve method does not.
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User Defined Gate Performance Curves

Set: |NnrmaIElperations ﬂ ﬂﬂ gyﬂ

| Hw | a
_1| Gate Open HtWHW 51 fateia] 590 595 B05 E10
2] 1] 1] 0 0 0 0 0 0
3 1 1] 1450 15800 1750 1850 1900 1950
4 K] 1] 4000 4750 5000 5250 5350 5500
5 5 1] G700 Fa00 2400 2600 2a00 Q000
_E] 7 1] 9200 10900 11600 12000 12300 12500
7 g 1] 11700 13800 14750 15300 15600 16000
8 11 1] 14000 16700 17800 18500 18850 19400
=l 13 1] 16400 19450 20800 21600 22200 22600
10 15 1] 18500 22200 23900 24800 25400 26000
1] 17 1] 20500 24800 26750 27900 28550 29300
12] 19 1] 22600 27500 29700 30950 700 32500
13 21 1] 24500 30100 32500 24000 34800 35700
14] 23 1] 26000 32650 35500 37000 38000 39000
15| 25 1] 28200 35200 38260 A0000 41100 42200
1B 27 1] 28200 27700 41100 43000 44200 45450
17 29 1] 28200 40000 43900 46050 47350 48600
18 k)| 1] 28200 42250 46750 49100 S0E00 52000
19 33 1] 28200 45500 49500 52100 53700 55300
20] i1 1] 28200 45500 B3000 BE2R0 BRO00 BaRA0
21 ar 1] 28200 45500 55500 58500 BO200 B2000
22| ] 1] 28200 45500 55500 BO000 E1750 B3600
23 39 1] 28200 45500 55500 B1750 £3500 B5300
24 40 1] 28200 45500 55500 £3500 B5500 FO00O, -
L] 3
o ok | Cancel |

Figure 6-32. Editor for Entering/Editing Gate Curves.

As shown in Figure 6-32, the user enters gate openings in the first
column. Headwater elevations are entered in the first row. The
remaining fields are the corresponding flow for a given gate opening
and upstream headwater elevation. To enter a new curve set, the
user must first select the “New User Curve” button at the top of the
editor. When this button is selected the user will be prompted to enter
a name for the curve set. Other buttons at the top of the editor are
for renaming the curve set, deleting the curve set, and copying the
curve set to a new name. Once the curve set, or sets, are entered,
the user simple selects a curve set for each gate group desired. The
user also has the option to use curve sets for some gate groups and
have the program calculate the flow from equations for others.

Once all of the data for the gates has been entered, the user needs to
press the OK button for the data to be accepted. If the user does not
want to use the new data, and would like to go back to the original
data they had before entering the Gate Editor, press the Cancel
button. If the user presses the OK button, this does not mean that the
data is saved to the hard disk, it is only stored in memory and
accepted as being good data. This data is part of the geometry data,
and is stored in the geometric data file. The data can be stored to the
hard disk by selecting one of the save options from the File menu of
the Geometric Data window.
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Culverts

User can also enter culverts at inline structures. Culverts can be
entered as groups of identical culvert barrels (up to 25 barrels per
culvert group), or the user can have up to 20 different culvert groups
in which the culverts can be all kinds of shapes, sizes, elevations,
roughness, etc... Culverts can compute flow in both directions, or
user’s have the option to have flap gates to prevent either negative
flow (Flow upstream), or positive flow (Flow downstream) through the
culverts. For details on the specific data to model a culvert, please
review the section on culverts earlier in this chapter.

Outlet Rating Curves

If a user has an outlet type that does not exist in HEC-RAS, or cannot
be modeled accurately with the available weirs, gates, and culverts,
then an outlet rating curve can be used to model that specific outlet.
The Outlet Rating curve can be based on upstream water surface
elevations versus outlet flow, or it can be based on upstream total flow
versus the flow through the outlet. This method does not take into
account downstream tailwater influences on the flow rate.

Outlet Time Series

This option allows the user to specify a time series of flows to be used
as an additional outlet through the inline structure. When this option
is selected, the user enters a name to identify the outlet. For
example, let’s say you call the time series “Hydropower”, which may
represent flows going through a hydropower station at the structure.
Then, the user can attach a flow hydrograph to the inline structure in
the Unsteady Flow Data editor. This flow is then assigned to the user
specified Outlet time Series specified on the inline structure. Only one,
Outlet time series can be defined per inline structure, and only one
hydrograph can be entered/attached to the inline structure in the
unsteady flow data editor. If you have more than one time series you
would like to use, combine them into one flow hydrograph outside of
HEC-RAS, and then use that as the time series data.
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Lateral Structures (Weirs, Gated Spillways, Culverts, and
Diversion Rating Curves)

Lateral
Structure

At any lateral structure HEC-RAS has the ability to model lateral weirs,
gated spillways, culverts, diversion rating curves, and an outlet time
series. The user can set up a single lateral weir, a weir and separate
set of gates, a weir and group of culverts, or any combination of weir,
gates, culverts, rating curves, and a time series outlet. The gated
spillways can have either radial gates (often called tainter gates),
vertical lift gates (sluice gates), overflow gates (open to the air or with
a covered top), or user defined gate curves. The spillway crest of the
gates can be modeled as either an ogee shape, broad crested weir, or
sharp crested weir shapes. The culverts can be any of the available
shapes from the standard HEC-RAS culvert capability. The diversion
rating curve can be used alone, or in conjunction with the other
hydraulic outlet types. The rating curve can be used to represent an
entire structure or a particular outlet that could not be modeled with
HEC-RAS. Lateral structures can be connected to storage areas, 2D
Flow Areas, or another river reach.

The lateral structure option can also be used to model a levee. In
general, the user should end their cross sections at the inside top of
the levee, and then use the lateral structure option to represent the
top of the levee along the stream. The area behind the levee could be
represented with either a 2D Flow Area, storage area (or combination
of interconnected storage areas), or another river reach. Water that
goes above the levee will be modeled as weir flow. The user also has
the option to evaluate levee breaching.

HEC-RAS now has the option to have georeferenced lateral structures.
Under the menu item labeled GIS Tools, there is now a table option called
Lateral Structure Centerlines Table. User can use the Measure Tool
to draw a line that would represent the lateral structure geospatial X and Y
coordinates, then paste those coordinates into the Lateral Structure
Centerline Table (This is optional). If a user inserts geospatial coordinates
for a lateral structure, not only will it be drawn geospatially correct, but
HEC-RAS will figure out how elements (1D cross sections and 2D Face
Points) are connected to the lateral structure based on its spatial location.

Note: if you put in a Geospatial centerline for a lateral structure, the
length of the lateral structure weir/embankment stationing must be
within 0.5% of the length of the centerline put in (i.e. they need to be
consistent with each other in terms of length).

This section of the User’s manual will describe how to enter the data
for lateral weirs, gated spillways, culverts, lateral rating curves, and
outlet time series. For information on general modeling guidelines and
the hydraulic computations of lateral weirs, gated spillways, and
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culverts, please see Chapter 8 of the HEC-RAS Hydraulic Reference
manual. To find out how to view specific results for a lateral structure,
see Chapter 9 of this User’'s manual.

Entering and Editing Lateral Structure Data

Lateral weir, gated spillway, and culvert data are entered in a similar
manner as bridge and culvert data. To enter a lateral structure, press
the Lateral Structure button from the Geometric Data window. Once
this button is pressed, the Lateral Structure Data editor will appear as
shown in Figure 6-33 (except yours will be blank until you have
entered some data).

To add a lateral structure to a model, the user must do the following:

1. Select the river and reach that you would like to place this lateral
structure into. This is accomplished by first selecting a River, then
selecting a specific reach within that river. The River and Reach
selection buttons are at the top of the Lateral Structure Data
editor.

2. Go to the Options menu at the top of the window and select Add
a Lateral Structure from the list. An input box will appear asking
you to enter a river station identifier for locating this structure
within the reach. The river station you enter will represent the
location of the upstream end of the lateral structure. The river
station must be unique, and should be numerically between the
river station values of the upstream cross section and the next
section downstream. After entering the river station, press the OK
button and a profile plot of the channel invert and cross sections in
the vicinity of the lateral weir/spillway will be displayed.
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Figure 6-33 Lateral Weir, Gated Spillway, and Culvert Editor

3. Enter all of the data for the Lateral Weir, Gated Spillways, Culverts,
Diversion Rating Curves, and Outlet Time Series. All of the outlet

types are optional,

lateral structure.

and can be mixed and matched to form a single

If the user does not enter any gated spillways,

culverts, rating curves, or outlet time series, then the program
assumes that there is only a lateral weir. If the user wants to
enter only gated spillways, culverts, or a rating curve, and no

lateral weir, they must still enter a weir embankment.

Once all of the data are entered, press the Apply Data button in

order for the interface to accept the data. The editor can then be
closed by selecting Exit from the File menu at the top of the

window.
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5. If any gated spillways were entered, the user must go to the
Steady or Unsteady Flow Data Editor to control the gate settings
for each individual event. If an outlet time series was entered,
then the user must attach a flow hydrograph to the lateral
structure in the Unsteady Flow Data editor.

The user can have up to two lateral structures defined between any
two given cross sections. However, the lateral structure must be
placed on opposite sides of the channel (i.e. one on the left and one on
the right), and the river stations of each lateral structure must be
different (though still contained within the two cross section river
station values). Also, any lateral structure can be longer than the
distance between cross sections. The user can have a lateral structure
that extends downstream, encompassing up to 100 cross sections. If
you have a lateral structure that is longer than that, you must break it
up into separate lateral structures.

River, Reach, and River Station. The River and Reach boxes allow
the user to select a river and reach from the available reaches that
were defined in the schematic diagram. The river and reach labels
define which river and reach the lateral structure will be located in.
The Head Water River Station (HW RS) tag defines where the structure
will be located within the specified reach. The River Station tag does
not have to be the actual river station of the structure, but it must be
a numeric value. The River Station tag for the lateral structure should
be numerically between the two cross sections that bound the
upstream end of the structure. Once the user selects Add a Lateral
Structure from the options menu, an input box will appear prompting
you to enter a River Station tag for the new structure. After the River
Station tag is entered, a profile plot of the reach thalweg will be
displayed for the bounding cross sections in the graphic window. The
river and reach in which the lateral structure is defined is considered to
be the headwater side of the structure. Whatever the user connects
the lateral structure to is considered to be the tailwater side of the
structure.

Description. The description box is used to describe the Lateral
Structure location in more detail than just the river, 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 the Lateral Structure plots and tables.

HW Position. The headwater position box is used to define where the
lateral structure is located spatially within the reach that it is defined.
The user can select one of the following: Left overbank; Next to left
bank station; Next to right bank station; and Right overbank. When
the user selects “Left overbank”, the weir is assumed to be located at
the left end (beginning cross section station) of the cross section data,
looking in the downstream direction. When the user selects “Next to
left bank station”, the weir is assumed to be located on the left edge of
the main channel. When the user selects “Next to right bank station”,
the weir is assumed to be located on the right edge of the main
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channel. When the user selects “Right overbank”, the weir is assumed
to be located at the right end of the cross section data.

Tailwater Connection. This area of the editor is used to define what
the lateral structure is connected to (i.e. where the water leaving from
the main river will be going). A lateral structure can be connected to a
storage area; 2D Flow Area; cross sections in another river reach; or
nothing at all (defined as leaving the system). To set the tailwater
connection, first select the connection type from the area labeled:
Type. Then, depending on the type of tailwater connection, other
information may be required. If the tailwater connection type is Out
of the System, then no other information is required. If the tailwater
connection type is a Storage Area/2D Flow Area, then the user is
required to select a storage area or a 2D Flow Area from a drop down
list of the currently defined storage areas. If the tailwater connection
type is Cross Sections of a River/Reach, then the user is required
to select the river, reach, and range of cross sections that the lateral
structure is connected to. The tailwater connection can be to a single
cross section (all the flow goes to one point), or it can be set to a
range of cross sections (the flow will be distributed over the range of
cross sections). In addition to the cross section(s) the user must
define if the connection is on the right over bank; next to the right
bank station; next to the left bank station, or on the left overbank.
Water can also flow in the reverse direction through a lateral structure
if the connected to location has a higher water surface than the from
location. Reverse flow gets labeled as negative flows for a lateral
structure.

Structure Type. This field is used to select the type of routing that
will be used for this structure. There are two options,
Weir/Gates/Culverts/ Diversion Rating Curves (the default) and
Linear Routing. The default option is where the program calculated
the flow across the structure by performing detailed hydraulic
calculations for the weir, gated spillways, culverts, and any rating
curve. The second option, Linear Routing, is a simplified method in
which the user just puts in a linear routing coefficient. This coefficient
can vary between 0.0 and 1.0, with 1.0 representing sending the
maximum flow over the structure and 0.0 representing no flow. The
linear routing method is a simple storage accounting method. This
method can be very useful when the user has many lateral structures
connected to storage areas, and a detailed flow calculation over each
structure is not necessary. Also, the linear routing method is
computationally faster and more stable. Typical values for the linear
routing coefficient are from 0.05 to 0.2. However, this coefficient
needs to be calibrated.

Culvert Flap Gates. The drop down box right above the Structure
Type pertains to having flap gates on culverts. This option only affects
the flow through the culverts, not the weir or the gated structures.
The options are no flap gates (default), Flaps prevent negative flow,
and flaps prevent positive flow. No flap gates means that flow is
allowed to go in both directions through the culvert. The “Flaps
prevent negative flow” option means that flow can only go in the
positive flow direction through the culverts. Positive flow is assumed
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to be taking flow away from the river for a lateral structure.
Therefore, the “Flaps prevent negative flow” option would allow water
to go away from the main river through the culverts, but not back into
the river. The final option, “flaps prevent positive flow”, would only
allow water to come into the main river through the culverts, but not
away from the main river.

Optimization. This option is for steady flow modeling, or the initial
conditions of an Unsteady flow model. When modeling in a steady
flow mode (or unsteady flow initial conditions), the user can have the
software figure out how much flow will leave through the lateral
structure, and how much will continue on downstream. This
calculation requires an iterative solution. Pressing the Optimization
button brings up an editor that allows the user to turn the optimization
option on. When optimization is not turned on, the program will
assume all of the water is still going downstream, though it will
calculate what could have gone out the lateral weir based on the
computed water surface. When optimization is turned on, the
software calculates the flow out of the lateral structure, reduces the
flow in the main river, and then recalculates the profile in the main
river. This operation continues until there is a balance between the
calculated and assumed flows for the main river.

Breach. This button allows the user to define information for
evaluating the breaching of this lateral structure. The data is actually
stored in the currently opened plan file. The editor can also be
brought up from the plan editor. This option is only for unsteady flow
modeling. To learn more about this option, see Chapter 16 “Advanced
Features for Unsteady Flow Routing.”

Weir/[Embankment Editor

The Embankment and Weir data are entered together, and are used to
describe the embankment in which the outlets will be placed, as well
as any uncontrolled weirs. To enter the weir and embankment data,
press the Weir/Embankment button and the editor will appear as
shown in Figure 6-34.
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Figure 6-34 Lateral Weir/Embankment Editor

The Lateral Weir/Embankment Data editor is similar to the
Deck/Roadway editor for bridges and culverts. The data on the
Weir/Embankment editor is the following:

Weir Width - The width field is used to enter the width of the top of the
embankment. This value will only be used for graphical plotting, and
does not have any effect on the computations. The width of the
embankment should be entered in feet (meters for metric).

Weir Computations — This field allows the user to select either the
standard weir equation or Hager’s lateral weir equation. When the
standard weir equation is selected, the user will also need to enter a
weir flow reference head, and a weir coefficient. If Hager’s lateral weir
equation is selected, the user must also enter: default weir coefficient;
weir average height; an average bed slope, and a weir angle in
degrees if it is anything other than parallel to the stream.

Weir flow reference - This value is used to select whether weir flow is
computed by using the energy gradeline or the water surface from the
cross sections. The default is to use the energy gradeline.

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

Weir Crest Shape - When submergence occurs over the
weir/embankment there are four choices available to figure out how
much the weir coefficient should be reduced due to the submergence.
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These four criteria are based on the shape of the weir. 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 third is for a sharp crested
weir. The last selection is when there really is no weir, and flow is just
traveling overland. This is called a “Zero Height” weir. The user
should pick the criterion that best matches their problem. If the user
selects the Ogee Spillway shape, then some additional information is
required. For an Ogee shaped weir the user must enter the "Spillway
Approach Height" and the "Design Energy Head". The spillway
approach height is equal to the elevation of the spillway crest minus
the mean elevation of the ground just upstream of the spillway. The
design energy head is equal to the energy grade line elevation (at the
design discharge) minus the elevation of the spillway crest. In
addition to these two parameters, the user has the option to have the
program calculate the weir coefficient at the design discharge. This is
accomplished by pressing the Cq button. Once this button is pressed,
the program will compute a weir coefficient for the Ogee spillway
based on the design head. During the weir calculations, this
coefficient will fluctuate based on the actual head going over the
spillway. The curves used for calculating the Ogee spillway coefficient
at design head, and discharges other than design head, were taken
from the Bureau of Reclamation publication "Design of Small Dams",
Figures 249 and 250 on page 378 (Bureau of Reclamation, 1977).

HW Distance to Upstream XS - This field is used to enter the distance
between the upstream end of the Weir/Embankment (based on where
the user will start to enter the embankment data) and the cross
section immediately upstream of the structure. This distance is
entered in feet (or meters for metric).

TW Flow Goes — If the lateral structure is set to send flow to another
river reach, this field will be active. This field is used to select where
the flow will go to in the tailwater (TW) reach. Flow can be set to go
into a single point, or it can be set to go over a range of cross
sections.

TW Distance to Upstream Cross Section — If the lateral structure is set
to send flow to another river reach, this field we be active. This field is
used to enter a distance between the connected tailwater cross
section, and the actual location in which the weir begins to connect.
Default value is zero, meaning the weir starts at the selected tailwater
cross section and continues downstream from there. Only positive
values can be entered. Any number greater than zero means that the
weir connection starts downstream of the connected cross section, by
the user entered distance.

Weir Station and Elevation - This table is used to define the geometry
of the Weir and the Embankment. The information is entered from
upstream to downstream in stationing. The user enters stations and
elevations of the top of the embankment and weir. The stationing is
relative, so it can be started at any number (i.e. 0, 100, etc...). The
user enters stations and elevations from the upstream end to the
downstream end of the lateral structure. Everything below these
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elevations will be filled in to the ground. By default, the lateral
structure will be lined up with the river/reach by comparing the
stationing entered with the reach lengths of the river/reach. If the
lateral structure is connected to the right overbank of the reach, then
the right overbank reach lengths are used. If the lateral structure is
connected to the right or left bank station of the main channel, then
the main channel reach lengths will be used. The Filter button allows
the user to filter the station and elevation points in order to reduce the
total number of points. This feature is often used when a lateral weir
is used to represent a natural overflow area, and the data has come
from a GIS.

Headwater Connections — This table will by default show the weir
stationing that intersects with the cross sections in the river/reach that
the structure is defined in. The software automatically aligns the weir
with the cross sections in the reach based on the weir stationing and
the reach lengths in the cross sections (either left overbank, main
channel, or right overbank reach lengths). However, if the user does
not like how the defined weir intersects with the cross sections in the
reach, they can define their own intersection points by entering the
desired weir stationing to intersect with each of the cross sections in
the reach. Water surface elevations for the lateral structure will then
be interpolated based on the user entered stationing.

Tailwater Connections — This table can be used to line up the weir to
either a 2D Flow Area or cross sections in another reach in a user
controlled manner. By default the weir is automatically lined up to any
2D Flow Area or cross sections of another river reach that it is
connected too. However, this editor will allow users to hand change
the connection locations to the 2D Flow Area Face points, or cross
section river station locations of the river reach. The user can select
to use “User specified intersections”, which will allow them to describe
where the stationing of the weir hits the tailwater cross sections or 2D
Flow Area Face points. If this option is used the user must completely
define where the entire length of the weir intersects the various
tailwater cross sections or 2D Flow Area.

If Hager’s Lateral weir equation is selected from the “Weir
Computations” field, then the following additional fields will appear:

Default Weir Coefficient (Cd) — This weir coefficient will be used for the
first iteration of trying the Hager lateral weir equation. The equation is
iterative, and requires hydraulic results in order to make a weir
coefficient calculation. The default weir coefficient is only used for the
first guess at the hydraulic computations.

Weir Average Height — This field is used for entering the average
height of the weir above the ground.

Average Bed Slope (Optional) — This field is used for entering the
average slope of the stream bed in the reach of river that contains the
lateral weir. If the use does not enter this field, the HEC-RAS program
will compute the slope by estimating an average bed elevation for
each cross section, then computing the slope of the average bed
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elevation. Average bed elevation of an irregular cross section is
obtained by subtracting hydraulic depth from the water surface
elevation.

Weir Angle in Degrees (Optional) — This field can be used to enter and
angle for the weir. If the weir is parallel to the stream, the angle is
assumed to be zero. If the weir is angled inwards towards the center
of the river, an angle (beta) is required. This is used for channels that
have a contraction, and weir flow is allowed to go over the contracted
section. A diagram showing the angle (beta) is shown below:

Flow +>}

fi2

Gated Spillway Editor

In addition to uncontrolled overflow weirs, the user can add gated
spillways (this is optional). To add gated spillways to the structure,
press the Gate button on the Lateral Weir and Gated Spillway data
editor. Once this button is pressed, the lateral gated editor will appear
as shown in Figure 6-35 (except yours will be blank until you have
entered some data).
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Figure 6-35 Lateral Gated Spillway Editor

The Gated Spillway editor is similar to the Culvert editor in concept.
The user enters the physical description of the gates, as well as the
required coefficients, in the Gated Spillway editor. The functionality of
the gates is defined as part of the Unsteady flow Data, or the Steady
Flow data (on a per profile basis). The data for modeling a gate in a
lateral structure is the same as the data for modeling a gate in an
inline structure. Please refer to the previous section on inline
structures to get a detailed explanation of the data for the gate editor.
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Culvert Editor

In addition to the lateral weir and gates, the user can also enter lateral
culverts. To add culverts to the structure, press the Culvert button on
the lower left side of the editor. When this option is selected the
following window will appear.

Add ... | Copy | Delete ... |CuluertID Euluert #1 'I

Solution Criteria: IHighestU.S. EG ;I Rename ... | i J
Shape: ICircuIar ;ISpan: | Diameter: |5

Chart |1 - Concrete Pipe Culvert

Scale #: |1 - Sguare edge entrance with headwall

Upstream Invert Elev: Ir
Culvert Length: I"HIJ— Downstream Invert Ir
Entrance Loss Coeff: Irg,! # identical barrels : |1—
Exit Loss CoefT: Il— Centerline Stations
Marnning's n for Top: |U.013 gr! Upstream | Jownstream
Manning's n for Bottom: IU.UlS 35.
Depth to use Bottom n: IU—
Depth Blodked: IU—

Ok

Select culvert to edit
Figure 6-36 Culvert Editor for Lateral Culverts

The required culvert data is the same as for an inline culvert. To see
an explanation of each field on the editor, review the information on
culverts found earlier in this chapter. The only difference is that the
centerline stationing of each culvert is based on the stationing entered
in the Weir/Embankment editor.
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Diversion Rating Curve Editor

Diversion rating curves are used to remove flow from a main river.
The diversion, rating curve can be used in conjunction with a lateral
weir, gated structures, and culverts, or it can be used alone.

To add a diversion, rating curve to the system, press the “Diversion
Rating Curve” button on the left hand side of the Lateral Structure
editor. When this button is pressed, the following editor will appear:

I Lateral Diversion Rating

{* Diversion based on water surface in channel;

{ " Diversion based on flow in the channel

Weir Station at Diversion: 100
Diversion Rating Curve

Chan WS Elev Div Flowe

0
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500
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=
|
=
=
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[y

[

Plot Curve ... OK | Cancel |

Figure 6-37 Lateral Rating Curve Editor

The user first selects the type of rating to be used: channel water
surface versus diverted flow or channel flow versus diverted flow.
Next, the distance between the location of the diversion and the cross
section just upstream of the structure must be entered in order to
locate the diversion. Finally, the user enters the actual rating curve.
The curve is entered as the amount of flow leaving, verses the
elevation of the water in the main river or flow in the main river.

Outlet Time Series

This option allows the user to specify a name for an Outlet time series.
Then a Flow Hydrograph can be specified for the Lateral Structure in
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the Unsteady Flow Data editor. The flow time series will be labeled in
the output based on the user entered name for the Outlet Time series.

Linear Routing Option

The user can choose to use a linear routing option instead of entering
structure information and having the program compute the flow from
the structures. The linear routing option is selected by going to the
Structure Type pull down and selecting “Linear Routing” from the
list. This option uses a coefficient times the difference in available
storage between the too and from connection. When this option is
selected, a linear routing button will appear on the left side of the
window. Selecting the linear routing button will bring up the following
window:

SA Connection Linear Routing Editor

Linear Routing Coef far fow from Starage area: 1 ta Storage |0.05
area: 19

Lirear Fouting Coef for fow from Storage area: 19 to Storage |0.05
area: 1

Elewation af spillway crest: 1.5

] 4 | Cancel |

Figure 6-38 Simple Spillway Data Editor
The equation used for the linear routing computations is the following:
Q = K (Available Storage)/hour
Where: Q = Flow per hour
K = Linear Routing Coefficient (0.0 to 1.0)
Available Storage = AZ (Surface Area)
Surface Area = surface area of receiving storage area.

AZ is the difference between the headwater and tailwater water
surface elevation on each side of the lateral structure. If both water
surfaces are below the spillway crest elevation, then the flow is zero. If
one water surface is above the spillway elevation and the other is not,
then AZ is compute as the water surface above the spillway crest
minus the spillway crest elevation.

The flow is computed in cfs per hour. If the user selected time step is
not 1 hour, then the flow for the time step is compute by multiplying
the flow by the ratio of the user entered time step divided by 1 hour.

As shown in the Linear Routing editor, the user must enter a linear
routing coefficient for both the positive and negative flow directions.
Additionally, the minimum elevation of the spillway crest must be
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entered. If both water surfaces go below the spillway crest, no flow is
passed over the structure. Also, the user must enter the HW
Distance to Upstream XS, which allows the program to figure out
where the location of the lateral connection with respect to the
upstream cross section. This location will be used for interpolating
water surface elevations on the river side of the connection.
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Storage Areas

Storage
‘ Area

Storage Areas are lake like regions in which water can be diverted into
or from. Storage areas can be located at the beginning of a reach (as
an upstream boundary to a reach), at the end of a reach (as a
downstream boundary to a reach), or they can be located laterally to a
reach. Storage areas can be connected to a river reach by using a
lateral structure connection. Storage areas can be connected to
another storage area by using a storage area connection. Storage
area connections can consist of a weir and gated spillways; a weir and
culverts; just a weir; or a linear routing option. An example river
system with storage areas is shown in Figure 6-39.

W{ Geometric Data - Beaver Cr. with Storage Areas with Gates w
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Figure 6-39 Example Schematic with Storage Areas
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To add a storage area to the river system, first use the storage area
drawing tool at the top of the geometric editor. Once the storage
area, drawing tool is selected, the user single clicks the left mouse
button to begin drawing the storage area. Additional points are added
by moving the mouse and single clicking. The storage area will be
represented as a polygon. To finish drawing the storage area, double
click the left mouse button. The first and last point will then be
connected, and the storage area will be filled in with a blue color. The
user will then be prompted to enter a name for the storage area.

After the storage area is drawn and labeled, the user must enter data
to describe the storage area. This is accomplished with the storage
area editor, which is one of the buttons on the left side of the
geometric editor. Press the storage area editor button and the
following editor will appear:

i ~
Storage Area: [N -] | 1] -+ oren @

Connections and References to this Storage Area

ls:R5=7.62 | L5:R5=48.55 | Ls:Rs=47.44 |
5S4 Conn: 445
" Area times depth method Area {acres}li
Min Elew: li

{* Elevation versus Volume Curve

Elevation Volume Curve

First elevation must have zero volume

Elevation |'I.-'|::Iume (acre-ft] | «
1[2.19 0. J
2|2.75 0,19
3|2.35 0.9 |
4|3.2 4,32
5|3.54 12,26
6|3.97 24,97
7|4.53 47.99
8|5.27 129.62

| a|g.22 396.3 |
10| 7.46 945,34
11|9.07 1909, 14
12| 11.16 3319.69
13| 13.88 5200.9
14|17.42 7694.17
15|22.01 10990, 29
16| 26.6 14288,
17
18
19
= -

Plot Val-Elev ... 0K Cancel |

Figure 6-40 Storage Area Editor
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As shown in the figure above, the user has two options for entering
information about the volume of the storage area. The first option is a
simple area times a depth option. The user enters the area of the
storage, and a minimum elevation. The storage area is assumed to
have the same area at all elevations, therefore the volume is simply
the depth times the area. The second option is to enter and elevation
versus volume relationship for the storage area. This option provides
more detail and accuracy, and is the recommended method whenever
possible. Also shown in the storage area editor are any connections or
references to that particular storage area. Valid connections to a
storage area are: lateral structures, storage area connections, and a
cross section connected directly to a storage area.

Storage areas can be converted to two-dimensional flow areas by
pressing the button labeled “-> 2DFlow”. When this option is selected,
the interface will now think that this area is a 2D Flow Area, and the
user will then need to define the 2D computational mesh. See 2D Flow
Areas below for more information on how to do this.
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2D Flow Areas

20 Flaw
Area

S

Two Dimensional Flow Areas (2D Flow Areas) are regions of a model in
which the flow through that region will be computed with the HEC-RAS
two dimensional flow computation algorithms. 2D Flow Areas are
defined by laying out a polygon that represents the outer boundary of
the 2D Flow Area. Then the user must define the computational mesh.

2D Flow Area can be located at the beginning of a reach (as an
upstream boundary to a reach), at the end of a reach (as a
downstream boundary to a reach), or they can be located laterally to a
reach. 2D Flow Areas can be connected to a river reach by using a
lateral structure connection. 2D Flow Areas can be connected to
another 2D Flow area or a Storage Area by using a SA/2D Area
Connection (this is described later in this chapter).

The HEC-RAS 2D modeling capability uses a Finite-Volume solution
scheme. This algorithm was developed to allow for the use of a
structured or unstructured computational mesh. This means that the
computational mesh can be a mixture of 3-sided, 4-sided, 5-sided,
etc... computational cells (up to 8 sided cells). However, the user will
most likely select a nominal grid resolution to use (e.g. 200 X 200 ft
cells), and the automated tools within HEC-RAS will build the
computational mesh.

Note: for a more detailed description of how to use the HEC-RAS two-
dimensional modeling capabilities, please see the separate User’s
manual that comes with HEC-RAS called “2D Modeling User’s
Manual”.

A 2D Flow Area, and computational mesh, is developed in HEC-RAS by
doing the following:

Draw a Polygon Boundary for the 2D Flow Area

The user must add a 2D flow area polygon to represent the boundary
of the 2D area using the 2D flow area drawing tool in the Geometric
Data editor (just as the user would create a Storage Area). The best
way to do this in HEC-RAS is to first bring in terrain data and aerial
imagery into HEC-RAS Mapper. Once you have terrain data and
various Map Layers in RAS Mapper, they can be displayed as
background images in the HEC-RAS Geometry editor. Additionally, the
user may want to bring in a shapefile that represents the protected
area, if they are working with a leveed system. The background
images will assist the user in figuring out where to draw the 2D flow
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area boundaries in order to capture the tops of levees, floodwalls, and
any high ground that will act as a barrier to flow.

Use the background mapping button on the HEC-RAS Geometry editor
to turn on the terrain and other Map Layers, in order to visualize
where the boundary of the 2D Flow Area should be drawn.

NOTE: The boundary between a 1D river reach and a 2D Flow Area
should be high ground that separates the two. For levees and
roadways this is obviously the centerline of the levee and the roadway.
However, when using a lateral structure to connect a main river to the
floodplain (when there is no actual levee), try to find the high ground
that separates the main river from the floodplain. Use this high
ground as a guide for drawing the 2D boundary, as well as defining the
Lateral Structure Station Elevation data.

To create the 2D Flow Area, use the 2D Flow Area tool (the button on
the Geometric Editor Tools Bar labeled 2D Flow Area, highlighted in
red on Figure 12). Begin by left-clicking to drop a point along the 2D
Flow Area polygon boundary. Then continue to use the left mouse
button to drop points in the 2D Flow Area boundary. As you run out of
screen real-estate, right-click to re-center the screen. Double-click the
left mouse button to finish creating the polygon. Once you have
finished drawing the 2D area polygon by double clicking, the interface
will ask you for a Name to identify the 2D Flow Area. Shown in Figure
6-41 is an example 2D Flow Area polygon for an area that is protected
by a levee. The name given to the 2D Flow Area in this example is:
“2D Interior Area”.

“¢_ Geometric Data - Muncie Geometry - 2D 50t Grid [F=EE)

IEi\e Edit Options View Tables Tools GIS Tools Help

Tools| River | Storagdl| 2DFlew EerszDArea|ssse0Area zpArea | zoArea | Pump RS Description @ Plot WS extents for Profile:
| i Reach Area Area Conn BCLines |Breaklined magnn | Station m (none) -
N E== &5 Iy Fegons | 0P || <1298 | ==

2D Interior Area

ighGround 1

»
411573.77, 1808656.63

Figure 6-41. Example 2D Flow Area polygon.
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Adding Break Lines inside of the 2D Flow Area

Before the computational mesh is created the user may want to add
break lines to enforce the mesh generation tools to align the
computational cell faces along the break lines. Break lines can also be
added after the main computational mesh is formed, and the mesh can
be regenerate just around that break line. In general, break lines
should be added to any location that is a barrier to flow, or controls
flow/direction.

Break lines can be imported from Shapefiles (GIS Tools/Breaklines
Import from Shapefile); drawn by hand; or detailed coordinates for an
existing breakline can be pasted into the break line coordinates table
(GIS Toools/Breaklines Coordinates Table). To add break lines by
hand into a 2D flow are, select the 2D Area Break Line tool
(highlighted in Red in Figure 3-2), then left click on the geometry
window to start a break line and to add additional points. Double click
to end a break line. While drawing a breakline, you can right click to
re-center the screen in order to have more area for drawing the
breakline. Once a break line is drawn the software will ask you to
enter a name for the break line. Add break lines along levees, roads,
and any high ground that you want to align the mesh faces along.
Break lines can also be placed along the main channel banks in order
to keep flow in the channel until it gets high enough to overtop any
high ground berm along the main channel.
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Creating the 2D Flow Area Computational Mesh

Select the 2D Flow Area editor button on the left panel of the
Geometric Data editor (Under the Editors set of buttons on the left) to
bring up the 2D Flow Area editor window:

2D Flow Area: |2D Interior Area j ﬂ ﬂ -+ St,::,:',-?age 5 |

Connections and References to this 2D Flaw Area
Ls:Rs=13214 | LS:Rs=7300 |

Defaullt Manning's n Value: 0.06 2D Flow Area Computation Points
Edit Land Classification to Mannings n... | esh contains: 5391 cells
ell size max = 4726.11 (sg ft)

cell vol Filter Tol: 0.01 ell size min = 1702.67 (=g ft)
= volime Fier e ell size avg = 2543.09 (=g ft)

i : 0.01
Face Profile Filter Tol: Generate Computation Points on

Face Area-Elev Eiter Tal: 0.01 Regular Interval with All Breaklines...

T e Tl e 0.02 Enforce Selected Breaklines ...

View [Edit Computation Points ...

Force Mesh Recomputation

Figure 6-42. 2D Flow Area Mesh Generation Editor

The 2D Flow Area editor allows the user to select a nominal grid size
for the initial generation of the 2D flow area computational mesh. To
use this editor, first select the button labeled Generate
Computational points on regular Interval .... This will open a
popup window that will allow the user to enter a nominal cell size. The
editor requires the user to enter a Computational Point Spacing in
terms of DX and DY (see Figure 3-5). This defines the spacing
between the computational grid-cell centers. For example, if the user
enters DX = 50, and DY = 50, they will get a computational mesh that
has grids that are 50 x 50 everywhere, except around break lines and
the outer boundary. Cells will get created around the 2D flow area
boundary that are close to the area of the nominal grid-cell size you
selected, but they will be irregular in shape.

Since the user can enter break lines, the mesh generation tools will
automatically try to “snap” the cell faces to the breaklines. The cells
formed around break lines may not always have cell faces that are
aligned perfectly with the break lines. An additional option available is
Enforce Selected Breaklines. The Enforce Selected Breaklines
option will create cells that are aligned with the breaklines, which
helps ensures that flow cannot go across that cells face until the water
surface is higher than the terrain along that break line. When using the
Enforce Selected Breaklines option, the software will create cells
spaced along the breakline at the nominal cell size entered buy the
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user. However, the user can enter a different cell spacing to be used
for each breakline. This is accomplished by selecting GIS
Tools/Breaklines Cell Spacing Table, and then entering a user
defined cell spacing for each breakline.

The popup editor has an option to enter where the user would like the
cell centers to start, in terms of an upper left X and an upper left Y
coordinate. These Starting Point Offset fields are not required. By
default it will use the upper left corner of the polygon boundary that
represents the 2D flow area. Use of the Shift Generated Points
option allows the user to shift the origin of the grid cell centers, and
therefore the location of the cell centers.

i -
20 Flow Area Generate Points

Computation Point Spacing
Spacing DX =
Spacing DY =

Shift Generated Paints (Optional)
Shift Right =
Shift Up =

1T

Generate Points in 2D Flow Area | Cancel |

L

Figure 6-43. 2D Flow Area Computational Point Spacing Editor

After the Computational Point Spacing (DX and DY) has been entered,
press the Generate Points in 2D flow area button. Pressing this button
will cause the software to compute a series of X and Y coordinates for
the cell centers. The user can view these points by pressing the
View/Edit Computational Point’s button, which brings the points up in a
table. The user can cut and paste these into a spreadsheet, or edit
them directly if desired (It is not envisioned that anyone will edit the
points in this table or Excel, but the option is available).

Warning: If there is an existing computational mesh and the
“Generate Points in 2D Flow Area” option is used, all of the
existing mesh points will be replaced with the newly generated
points. Any hand editing that was done by the user will be lost.

There are five additional fields on the 2D Flow Areas editor (Figure 6-
42) that are used during the 2D pre-processing. These fields are:

Default Manning’s n Value: This field is used to enter a default
Manning’s n values that will be used for the Cell Faces in the 2D Flow
Area. User’s have the option of adding a spatially varying landuse
classification versus Manning’s n value table (and a corresponding
Land Classification layer in RAS-Mapper), which can be used to
override the base Manning’s n values where polygons and roughness
are defined. Even if a Land Use Classification versus Manning’s n
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value table is defined, for any areas of the 2D Flow Area not covered
by that layer, the base/default Manning’s n value will be used for that
portion of the 2D Flow Area.

Cell Volume Filter Tol: This tolerance is used to reduce the number
of points in the 2D cell elevation volume curves that get developed in
the 2D Pre-processor. Fewer points in the curve will speed up the
computations, but reduce the accuracy of the elevation volume
relationship. The default tolerance for filtering these points is 0.01 ft.

Face Profile Filter Tol: This filter tolerance is used to reduce the
number of points that get extracted from the detailed terrain for each
face of a 2D cell. The default is 0.01 ft.

Face Area-Elev Filter Tol: This filter tolerance is used to reduce the
number of points in the cell face hydraulic property tables. Fewer
points in the curves will speed up the computations, but reduce the
accuracy of the face hydraulic property relationships. The default is
0.01 ft.

Face Conveyance Tol Ratio: This tolerance is used to figure out
if more or less points are required at the lower end of the face
property tables. It first computes conveyance at all of the elevations
in the face property tables. It then computes the conveyance at an
elevation half way between the points and compares this value to that
obtained by using linear interpolation (based on the original points). If
the computed value produces a conveyance that is within 2% (0.02) of
the linear interpolation value, then no further points are needed
between those two values. If linear interpolation would produce a
value of conveyance that is more than 2% from the computed value at
that elevation, then a new point is added to that table. This reduces
the error in computing hydraulic properties, and therefore conveyance
due to linear interpolation of the curves. A higher tolerance will results
in fewer points in the hydraulic property tables of the cell faces, but
less hydraulic accuracy for the flow movement across the faces. The
default value is 0.02, which represents a 2% change.

Once a nominal grid size has been selected and a base Manning’s n-
value has been entered, the user should press the OK button to accept
the data and close the editor. When the OK button is selected the
software automatically creates the computational mesh and displays it
in the Geometric Data Editor graphics window (See Figure 6-44).
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Figure 6-44. Example 2D computational mesh for an interior of a levee protected area.

As mentioned previously, cells around the 2D Flow Area boundary will be irregular in
shape, in order to conform to the user entered polygon. The mesh generation tools
utilize the irregular boundary, as well as try to ensure that no cell is smaller in area
than the nominal cell size. The cells around the boundary will be equal to or larger
than the nominal cell size; therefore, if a boundary cell is going to be smaller than
the nominal cell size it gets combined with a neighbor cell. Additionally, breaklines
can be placed inside of a 2D Flow Area in order to align the mesh to a geometric
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feature (levee, road, etc...) Shown in Figure 6-45, is a zoomed in view of a mesh
with break lines on top of levees.
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Figure 6-45. Zoomed in view of the 2D Flow Area computational mesh.

The HEC-RAS terminology for describing the computational mesh for
2D modeling begins with the 2D Flow Area. The 2D Flow Area defines
the boundary for which 2D computations will occur. A computational
mesh (or computational grid) is created within the 2D Flow Area.
Each cell within the computational mesh has the following three
properties:

Cell Center: The computational center of the cell. This is where the
water surface is computed for the cell.

Cell Faces: These are the cell boundary faces. Faces are generally
straight lines, except along the outer boundary of the 2D Flow Area, in
which a cell face can be a multi-point line.

Cell Face Points: The cell Face Points (FP) are the ends of the cell
faces. Later on in this document the Face Point (FP) numbers for the

outer boundary of the 2D Flow Area will be used to hook the 2D Flow

Area to a Lateral Structure.
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Figure 6-46. Description of HEC-RAS 2D modeling computational mesh terminology.

6-106



Chapter 6 Entering and Editing Geometric Data

Edit/Modify the Computational Mesh

The computational mesh will control the movement of water through
the 2D flow area. Specifically, one water surface elevation is
calculated for each grid cell center at each time step. The
computational cell faces control the flow movement from cell to cell.
Within HEC-RAS, the underlying terrain and the computational mesh
are preprocessed in order to develop detailed elevation—volume
relationships for each cell, and also detailed hydraulic property curves
for each cell face (elevation vs. wetted perimeter, area, and
roughness). By creating hydraulic parameter tables from the
underlying terrain, the net effect is that the details of the underlying
terrain are still taken into account in the water storage and
conveyance, regardless of the computational cell size. However, there
are still limits to what cell size should be used, and important
considerations for where smaller detailed cells are needed versus
larger coarser cells.

In general, the cell size should be based on the slope of the water
surface in a given area, as well as barriers to flow within the terrain.
Where the water surface slope is flat and not changing rapidly, larger
grid cell sizes are appropriate. Steeper slopes, and localized areas
where the water surface elevation and slope change more rapidly will
require smaller grid cells to capture those changes. Since flow
movement is controlled by the computational cell faces, smaller cells
may be required to define significant changes to geometry and rapid
changes in flow dynamics.

The computational mesh can be edited/modified with the following
tools: break lines; moving points; adding points, and removing points.

Break Lines

The user can add new break lines at any time. HEC-RAS allows the
user to enter a new break line on top of an existing mesh and then
regenerate the mesh around that break line, without changing the
computational points of the mesh in other areas. The user can draw a
new break line, then left click on the break line and select the option
Enforce Break line in 2D Flow Area. Once this option is selected, new
cells will be generated around the break line with cell faces that are
aligned along the break line. Any existing cell centers that were
already in the mesh in the area of the break line are remove first
(within a buffer zone around the break line, based on the cell size used
around the break line).

Additionally the user can control the size/spacing of cells along the
break line. To control the cell spacing along a break line, right click on
the break line and select the option Edit Break Line Cell Spacing. A
window will appear allowing the user to enter a minimum and
maximum cell spacing to be used when forming cells along that break
line. The minimum cell spacing is used directly along the break line.
The software will then increase the cell size around the break line, in
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order to provide a gradual cell size transition from the break line to the
nominal cell size being used for the mesh. The user can enter a
Maximum cell size if desired. If no maximum cell size is entered, the
software automatically transitions the cells from the minimum cell size
around the break line, to the default mesh cell size. To enforce the
new cell spacing, the user must select the Enforce Break line in 2D
Flow Area option, after entering the break line cell spacing. Break line
cell spacing’s are saved, such that if the mesh is regenerated, the user
defined break line cell spacing will automatically be used. User can
also bring up a table that will show all of the break lines and any user
entered break line cell spacing values. To open this table, select GIS
Tools, then Break Lines Cell Spacing Table. Once the table is open,
users can add or change break line cell spacing values from the table.
Then if the user regenerates the whole mesh, or just the area around
a specific break lines, the new break line cell spacing will be used.

When creating a mesh around a break line, it may be desirable or even
necessary to use smaller cells than the nominal cell size used in other
areas of the mesh. However, transitions from a larger cell size
immediately to a smaller cell size, may not produce the most accurate
computational model. So it is better to transition cell sizes gradually.
The HEC-RAS mesh generation tools allow the user to enter a
minimum and a maximum cell spacing to use around break lines. The
mesh generation tools will automatically transition from the smaller
cell size right at the break line to the larger cell size away from the
break line.

Hand Based Mesh editing Tools

The hand editing mesh manipulation tools are available under the Edit
menu of the HEC-RAS Geometric Data editor. If the user selects Edit
then Move Points/Object, the user can select and move any cell center
or points in the bounding polygon. If a cell center is moved, all of the
neighboring cells will automatically change due to this movement. If
the user selects Edit then Add Points, then wherever the user left-
clicks within the 2D flow area, a new cell center is added, and the
neighboring cells are changed (once the mesh is updated). The
software creates a local mesh (Just the area visible on the screen, plus
a buffer zone), such that while you are editing, just the local mesh will
get updated. The entire mesh only updates once the user has turned
off the editing feature, which saves computational time in creating the
new mesh. If the user selects Edit then Remove Points, then any click
near a cell center will remove that cell’s point, and all the neighboring
cells will become larger to account for the removed cell.

The user may want to add points and move points in areas where
more detail is needed. The user may also want to remove points in
areas where less detail is needed. Because cells and cell faces are
preprocessed into detailed hydraulic property tables, they represent
the full details of the underlying terrain. In general, the user should
be able to use larger grid cell sizes than what would be possible with a
model that does not preprocess the cells and the cell faces using the
underlying terrain. Many 2D models simply use a single flat elevation
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for the entire cell, and a single flat elevation for each cell face. These
types of 2D models generally require very small computational cell
sizes in order to model the details of the terrain.

HEC-RAS makes the computational mesh by following the Delaunay
Triangulation technique and then constructing a Voronoi diagram (see
Figure 6-47 below, taken from the Wikimedia Commons, a freely
licensed media file repository):

Figure 6-47. Delaunay - Voronoi diagram example.

The triangles (black) shown in Figure 18 are made by using the
Delaunay Triangulation technique
(http://en.wikipedia.org/wiki/Delaunay_triangulation ). The cells (red)
are then made by bisecting all of the triangle edges (Black edges), and
then connecting the intersection of the red lines (Voronoi Diagram).
This is analogous to the Thiessen Polygon method for attributing basin
area to a specific rain gage.

You may want to add points and move points in areas where you need
more detail. You may also want to remove points in areas where you
know you need less detail. Because cells and cell faces are pre-
processed into detailed hydraulic property tables, they represent the
full details of the underlying terrain. In general, you should be able to
get away with larger grid cell sizes than what you would be able to
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with a model that does not do this pre-processing of the cells and the
cell faces using the underlying terrain. Many 2D models simply use a
single flat elevation for the entire cell, and a single flat elevation for
each cell face. These types of 2D models generally require very small
computational cell sizes in order to model the details of the terrain.

Storage Area and 2D Flow Area Connections

EA/20Area
Conn

BneH

Storage Area/2D Flow Area connections (SA/2D Area Conn) are used
to link two storage areas together with a hydraulic structure, or two
2D Flow Areas, or a storage area to a 2D Flow Area. The SA/2D Area
Conn tool can also be used to place a hydraulic structure in the middle
of a 2D Flow Area in order to control how flow travels from one series
of cells to another series of cells. The SA/2D Area Conn can consist of
a weir; culverts and a weir; gated spillways and a weir; or a linear
routing option (The Linear Routing option is for storage areas only, not
2D Flow Areas). To establish a hydraulic connection between two
storage areas, press the “SA/2D Area Conn” button at the top of the
geometric data window. Once the storage area connection drawing
tool is invoked, the user simple presses the left mouse button one time
while over the from storage area, then double click the left mouse
button while over the too storage area. This establishes the
connection between the storage areas, as well as what is considered to
be the positive flow direction.

Once a connection is made between two flow areas, the user must
enter information describing the hydraulics of the connection. This is
accomplished by pressing the SA/2D Area Conn editor button on the
left hand side of the geometric data editor. When this button is
pressed, the following window will appear:
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Figure 6-48 Storage Area Connection Editor

As shown in the figure above, the user should first enter a description
for the storage area connection. Next the type of routing connection
must be selected from the drop down box. As mentioned previously,
the user has the choice of a weir only; weir and gates; weir and
culverts; or linear coefficient routing between storage areas. Once a
routing type is selected, the window will place editor buttons specific
to that type of routing onto the left side of the editor. In this example,
because a weir and culverts was selected, the weir, culverts, and
hydraulic table parameters buttons show up on the window. The user
must enter data for each of the buttons shown on the window. In this
example it is required to enter a weir/embankment, culvert
information, and hydraulic table parameters. When the
weir/embankment editor is selected, the following window will appear:
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B 7423, 683,
7
8
Weir Crest Shape: |Ogee ﬂ 3
Spillway Approach Height: |12 10
11
Design Energy Head: 20 13
Qﬂd — 13
14
15
16
17
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20
> -]
HW Connections ... TW Connections ...
(a4 | Cancel |

Figure 6-49 Weir/Embankment Editor for Storage Area Connections

To complete the data for the weir/embankment between two storage
areas, the user enters a Weir Width (used only for drawing the
schematic); a Weir Coefficient (used in the weir flow calculations); a
Weir Crest Shape (used to assist in the calculation of the weir
coefficient, as well as defining submergence criteria); and the
Station/Elevation Points that describe the top of the
weir/embankment profile. The weir/embankment can have up to 500
points to describe the profile. The program will use all of the
information entered by the user for calculating weir flow between the
two storage areas. After all of the data is entered, simply press the
OK button to have the data accepted by the program.

If the user has selected the weir and culverts routing type, then
culvert information must be entered also. When the culvert editor
button is selected, the following window will appear:
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Culvert Data Editor 1

Add ... | Copy | Delete ... |CulvertID | "l

Solution Criteria: |Highestu.5. EG j Rename ... ﬂ ﬂ
Shape: |Eh:|x j Span: |2EI Rise: |6

Chart |B - flared wingwalls j

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

Upstream Invert Elev:  [200
Culvert Length: IlDU* Downstream Invert Ilﬂﬂi
Entrance Loss Coeff: lrﬂ # identical barrels : lli
Exit Loss Coeff: lli

Manning's n for Top: W@ Lpstream |3lnwnstream j

Marnning's n for Bottom: W _1}50. 30,

Depth to use Bottom n: lﬂi _i

Depth Blodked: lﬂi 4] j
Ok, | Cancel | Help |

Select culvert to edit

Figure 6-50 Culvert Editor for Storage Area Connections

The culvert editor shown above has exactly the same information as
the normal culvert editor used at a river crossing. For detailed
information about this editor, please review the section on culverts
found earlier in this chapter.

Whenever the user selects a weir, or a weir and culvert routing type,
an additional button will appear on the editor labeled “Htab Param”.
This editor is used to define the limits of the family of rating curves
that will be developed for the storage area connection. When this
button is pressed, the following editor will appear:
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——

Parameters for Hydraulic Property Tables ﬁ
F
IE—— e

Mumber of points an free flow curve: 0
Mumber of submerged curves: 0

Mumber of points on each submerged curves: |20

111

Apply number of points to all Connections

Head water maximum elevation: 213

Tail water maximum elevation (Optional):

11

Maximum Flow (Recommended);

oK | Cancel

Figure 6-51 Hydraulic Properties Table Editor

As shown in Figure 6-51, the user must enter a number of points for
the free flow curve (default is 50, max 80); number of submerged
curves (default is 50, max 60); number of points on the submerged
curves (default is 20, max 50); and head water maximum elevation.
Additionally, the user can enter a tailwater maximum elevation and a
maximum flow rate. All of these parameters are used to define the
limits of the family of rating curves that get created when the
geometric pre-processor runs.

If the user has selected the Weir and Gates option, an editor for
gated spillways will show up on the left hand side of the window.
Pressing this button will bring up the window shown in Figure 6-52. As
shown in the figure, this editor is the same gate editor that is used for
inline and lateral gated spillways. For information about this editor,
please review the sections on inline gated spillways found earlier in
this chapter.

Note: The user also has the option to perform a breaching analysis of
any SA/2D Flow Area connection. The breach data is stored in the
currently opened Plan, however, the user can get to the breach editor
by pressing the button labeled “Breach (plan data)” on this editor.
Breach information for a SA/2D Flow Area is the same as for a Dam or
a levee breaching analysis.
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Connection Gate Editor

Gate Group:  |Gate #1 jﬂﬂ D| iw

Gate type (or meﬁﬁodology}:|5luice ﬂ
Geometric Properties Gate Flow

Height: r Sluice Gate Flow
Width: Illili Sluice Discharge Coeffident (0.5-0.7): 0.6

Invert: 200
# Openings: 1

x| Ba|

Centerline Stations
e j Submerged Orifice Flow

—i =0 Orifice Coeffident (typically 0.8): 0.8
=l Head Reference: |5i|| (Invert) ﬂ

4
| Weir Flow Over Gate Sill (gate out of water)
E Weir Shape: |E=r|::ad Crested j
7
_8
9] Weir Coeffident: 3
10
11
= A

OK Cancel Help

Figure 6-52 Gated Spillway Editor for Storage Area Connections

The final option for Storage Area Connections is to model the
connection as a Linear Routing Method. This option uses a
coefficient times the difference in available storage between the two
storage areas, divided by the time step. When this option is pressed,
the following window will appear:

S5A Connection Linear, Routing Editor,

Linear Routing Coef for How from Storage area: Upstream 54 |0.05
to Storage area: Downstrean S

Linear Routing Coef far low from Starage area: Downstream [0.05
5S4 to Storage area: Upstream 5S4

Elewation af zpillway crest: Zh0.4

ok | I:ance||

Figure 6-53 Simple Spillway Data Editor

As shown in the Linear Routing editor, the user must enter a linear
routing coefficient for both the positive and negative flow directions.
Additionally, the minimum elevation of the spillway crest must be
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entered. If both water surfaces go below the spillway crest, no flow is
passed between the storage areas.

2D Flow Area and Storage Area External Boundary Conditions

EAM20Area
BC Linex

iiisind

User can define boundary condition location lines spatially along 2D
Flow Areas and storage areas. This is accomplished using the SA/2D
Area BC Lines drawing tool on the Geometric Data editor Tools button
bar. To use this option, select the SA/2D Area Conn tool button at
the top of the geometric data editor, then draw a line along the outer
boundary of the 2D flow Area (or storage area) where you want the
boundary condition to be located. Once the line is drawn the interface
will ask you to enter a unique name for the boundary condition line.
After you have drawn all the boundary condition lines you want along
2D flow Areas and Storage areas, save the geometry data. Then you
can go into the Unsteady Flow Data editor and define the boundary
condition types/data for each of these boundary condition lines.

Pump Stations

Pump
Station
o

A pump station can be used to pump water between two storage
areas, a storage area and a river reach, or between two river reaches.
Each pump station can have up to ten different pump groups, and
each pump group can have up to twenty identical pumps. To add a
pump station to the system, select the Pump Station drawing tool at
the top of the geometric data editor. When this button is pressed, the
mouse icon will change to a set of cross hairs with a pump. Move the
mouse to the location that represents where the pump station will be
pumping from, press the left mouse button to start the connection.
Next, move the mouse to the location where the pump station will be
pumping too, then press the left mouse button again. This will
establish a pump station connection between two elements.

Once a pump station is added to the system, the user must edit the
pump station and fill in the required data. To bring up the pump
station editor, select the pump station editor button on the left hand
side of the geometric data editor, or move the mouse over the pump
station icon on the schematic, press down on the left mouse button,
then select Edit Pump Station. When the Pump Station editor is
selected, the following window will appear:
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Pump Station Data Editor

Pump Station Name: I vI ﬂﬂ Rename ... | Copy ... |

Purmp Connection Data | Pump Group Data | Advanced Control Rules |

Pump From: |Storage area: Bayou setRS | Setsa | Del|
Distance from upstream RS to the pump intake: I

Pump To:  Beaver Creek Kentwood RS: 5.39 setRS | Setsa | Del|
Distance from the upstream RS to the pump nuﬂetlﬂ

Optional On-Off Reference (If not set, then the From location is used)

Reference: [Storage area: Bayou setRS | Setsa | Del|
Distance from the upstream RS to the reference: I

Plan Data
Highest elevation in pump line (optional): IZED ’V Steady Flow Optimization ... I

Plot Pump Curves ... K. Cancel

Figure 6-54 Pump Station Editor with Pump Connection Data

As shown in Figure 6-54, there are three tabs on the pump station
editor, the first is for the pump connection data, the second is for the
pump group data, and the third is for applying advanced rule controls
over the pump station. The Pump Connection Data contains the
following data:

Rename Pump Station: This option allows the user to rename the
pump station to something other than the default.

Pump From: This is the location of where the pump station is pumping

from. This can be either a storage area or a river station from a river
reach. The Set RS button allows the user to connect a pump from a
river station of a reach, the Set SA button allows the pump to be

connected from a Storage Area, and the Del button allows the user to
delete the from connection.

Pump To: This is the location of where the pump station is pumping
to. This can be either a storage area (use Set SA button) or a river
station from a river reach (use Set RS button).
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Optional On-Off Reference: By default the program uses the “Pump
From” location to determine when the pump should turn on or off.
However, the user has the option to set a different location to be used
as the monitor point for determining whether the pump should be
turned on or off. This optional monitor location can be a storage area
or a river station within a river reach.

Highest elevation in pump line: This option allows the user to enter an
elevation to be used as the highest elevation in the pump line. One
example of where this may be useful is if a pump station was being
used to pump water over top of a levee. In this situation, the too and
from water surface elevations does not completely quantify the
required head to pump the water over the levee. So it is necessary to
enter the elevation of the highest point in the pump line (top of the
levee) in order to accurately compute the flow going through the

pump.

Steady Flow Optimization: This option is for steady flow modeling
only. If water is being pumped from or to a river reach, the amount of
flow going into or out of the reach should be accounted for when
computing the water surface profiles. However, the water surface
profiles will affect the computation of the amount of flow through the
pumps. Therefore, to calculate this accurately, the pump flow and
water surface profiles must be calculated iteratively until a balance is
found between the river flows and the pump flows. This optimization
feature is not done automatically by the steady flow program,
however, the user can have the program do this by selecting Steady
flow optimization. When this option is selected, a window will
appear allowing the user to turn the pump flow optimization on.

In addition to the pump connection data the user must fill out the
pump group data. Select the Pump Group Data tab and the editor
will look like the following:
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Pump Station Data Edito

Pump Station Mame: IF‘umps ;I ﬂ ﬂ Rename ... I Copy ... I
Pump Connection Data Pump Group Data I Advanced Control Rules |

Group Mame: IGrnup #1 ;I Add Group I Delete Group ... | Rename Group ... |
—Pump Groups
Mumber of Pumps in Group: |3 vI Pump Effidency Curve
Head(ft) | Flow(cfs) | «
Startup (min): |5 Shutdown {min): |5 1] ] 300
[~ Bias group operations to On {at start of simulation); 2| 10 |
Pump Operations _3 15 240
Pump MName | WS Elev On (ft) | WS Elev OFF (ft) —: E 122
Purp #1 _G 21 0
Pump#2 —?
Pump#3 E
_3
10)
11
12
13)
14
15
1 A
Plot Pump Curves ... QK I Cancel I

[This option determines how to handle the cases where the WS is between the On and OFf

Figure 6-55 Pump Station Editor with Pump Group Data

As shown in Figure 6-48, the pump group data consists of the
following:

Group Name: By default the first pump group is called “Group #1”,
and the second would be “Pump Group #2”, etc. The user has the
option to rename any pump group to whatever they would like. This is
done by pressing the “Rename Group” button.

Add Group: This button is used to add another pump group. If you
have pumps that have different flow capacities and use different pump
efficiency curves, they must be entered as a separate pump group.

Delete Group: This button is used to delete the current pump group.

Number of Pumps in Group: This field is used to enter the number of
identical pumps in the current pump group. ldentical pumps must use
the same pump efficiency curve but can have different on and off
trigger elevations.

Startup (min): This option is used for unsteady flow only. When a
pump is triggered to turn on, the default operation is that the pump

6-119



Chapter 6 Entering and Editing Geometric Data

turns on instantly and starts pumping to full capacity the very next
time step. This option allows the user to enter a start up time in which
the pumps will transition from zero flow to full capacity over the user
entered time step in minutes. This option is very useful to prevent the
unsteady flow computations from going unstable when to large of a
flow change is experienced from a pump turning on.

Shutdown (min): This option is used for unsteady flow only. When a
pump is triggered to turn off, the default operation is that the pump
turns off instantly and stops pumping the very next time step. This
option allows the user to enter a shut down time in which the pumps
will transition from full capacity to zero flow over the user entered time
step in minutes. This option is very useful to prevent the unsteady
flow computations from going unstable when to large of a flow change
is experienced from a pump turning off so abruptly.

Bias group operations to on (Steady Flow Only): This option is only
relevant for a steady flow run. When this option is selected, and a
particular water surface profile is between the on and off elevation for
a pump, the program will assume the pump is turned on. If this
option is not checked, then the program will assume the pump is off
when the water surface is between the on and off elevations.

Pump Efficiency Curve: This table is used to enter the pump efficiency
curve, which is a table of static heads versus flow rates. The head
represents the total head in the system, which is normally the
difference in the water surface elevations between the from and the to
location. Note: The entered flow is the pump rate capacity at
that particular head. In HEC-RAS, the flows entered for a given
head difference, must already account for all energy losses in
the pump line (friction, bends, junctions, etc...). Do not enter
the rated pump curve from the manufacturer, that curve does not
account for losses in the pump line. An example of how to compute a
pump efficiency curve is shown in Figure 6-49 below. As shown in
Figure 6-56, the user must compute all energy losses in the system,
between the two static pools. The energy losses in the line are
subtracted from the manufacturer pump efficiency curve to get the
curve for use in HEC-RAS. The pump efficiency curve can be plotted
for visual inspection by pressing the Plot Pump Curves button at the
bottom of the window.
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Head (ft) /

Adjusted Pump Efficiency
Curve for HEC-RAS \ .

System Energy_Loss Curve

v

Flow (cfs)

6-56. Pump Efficiency Curve for HEC-RAS

for when the pumps will turn on and off. The monitor location for
triggering a pump on or off is by default the from location, unless
otherwise specified in the Optional On-Off Reference field. In general,
the pump on elevation must be higher than the pump off elevation.
Trigger elevations must be specified for all of the pumps. If the user
puts the pump off elevation higher than the pump on elevation, then
the pump turns on when the water surface goes below the on
elevation, and the pump remains on until the water surface gets
higher than the pump off elevation. This would be for example,
pumping water up to a storage tank. When the pump off elevation is
lower than the pump on elevation (typical way of using it), the pump
turns on when it goes above the on elevation, and the pump turns off
when it goes below the off elevation. This is the typical use of the
pumps for interior ponding areas.

The final tab, labeled Advanced Control Rules, is an optional tab
used to specify rules that will override the physical pump data. When
this tab is selected the editor will appear as follows:
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Pump Station Data Edito

Pump Station Mame: IF‘umps ;I ﬂ ﬂ Rename ... I Copy ... I
Pump Connection Data | Pump Group Data  Advanced Control Rules I
Add MNew Rule ... I Delete Rule ... | Copy Rule ... Iﬂ ﬂ

Pump Fules

—Edit Current Selected Rule

Fule Flow Maximum: I?UU Fule Flow Minimum: Il
Transition (min): I Transition {min): I

Trigger Node:  [Storage area: Bayou SetRs | setsa |

Trigger WS Max: IZU'EI Trigger WS Min: IZUE.E
Rule Start Day: IlEAPF‘- Rule Start Hour; IUUUU
Rule End Day: IZ"rAPF‘. Rule End Hour: IUUUU

Plot Pump Curves ... QK I Cancel I

6-57. Pump Editor with Advanced Control Rules Tab Selected.

As shown in the Figure 6-57 the Advanced Control Rules tab has three
buttons at the top of the editor, Add New Rule; Delete Rule, and
Copy Rule. The Delete Rule button will delete the currently selected
rule from the list of pump rules shown in the text box labeled Pump
Rules. The Copy Rule button makes a copy of the currently opened
rule. The Add New Rule button allows the user to enter a new rule.
When this button is selected an editor will appear as shown below:
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HEC-RAS

(" Always apply this rule

(" Apply based on target flow

" Apply based on target WS

(" Apply based on day /hour

(" Apply based on day/hour and flow
" Apply based on day/hour and W5

Cancel

L

6-58. Rule Types Editor.

As shown in Figure 6-58, there are six types of rules that can be
applied to a pump station. Each of the six rule types allow the user to
specify a minimum and maximum flow for the entire pump station.
This minimum and maximum flow will narrow the range of possible
flows that have been computed for the pump station based on the
physical pump data. The rule types only differ in how and when the
minimum and maximum flow range gets applied.

The first rule type, Always apply this rule, is applied at all time
steps in the solution. The second rule type, Apply Based on Target
Flow, is applied only when a target minimum and/or maximum flow is
exceeded (flow is greater than specified maximum or less than
specified minimum) at a user specified flow monitoring location. The
flow monitoring location can be a cross section within a river reach, or
a storage area. The third rule type, Apply based on target WS, is
applied only when a target minimum and/or maximum water surface
elevation is exceeded (stage is greater than specified maximum or less
than specified minimum) at a user specified stage monitoring location.
The fourth rule type, Apply based on Day/Hour, is only applied only
during a user specified time window. The user enters a starting day
and time, and an ending day and time. The specified maximum and
minimum flows are then applied to the pump station only during the
user specified time window. The fifth rule type, Apply based on
day/hour and flow, is a combination of a user specified time
window, and a maximum and/or minimum flow target at a user
specified flow monitoring location. The last rule type, Apply based
on day/hour and WS, is a combination of a user specified time
window, and a maximum and/or minimum stage target at a user
specified stage monitoring location.

The user can also apply a transition time in minutes to the maximum
and minimum flow for each of the rules. Therefore if a rule will change
the flow from the currently computed value to a user entered
maximum, the transition time is used to allow for the flow change to
occur over a user specified time. This same concept is used for the
minimum flow rate also.

The user can specify as many rules as they want for each pump
station. The rules will be applied to the pump station in the order that
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they have been entered (which is also the order in which they appear
in the editor). The user can move a rule up or down in the list by

highlighting a rule, then using the up and down arrow buttons to move
the rule.

After all of the pump data are entered, press the OK button to have
the data excepted by the program. This does not save the data to the
hard disk, it only allows it to be used in the current execution of the
program. To save the data permanently, you must save the geometry
data from the File menu of the Geometric Data Editor.
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Cross Section Interpolation

Occasionally it is necessary to supplement surveyed cross section data
by interpolating cross sections in between two surveyed sections.
Interpolated cross sections are often required when the change in
velocity head is too large to accurately determine the energy gradient.
An adequate depiction of the change in energy gradient is necessary to

accurately model friction losses as well as contraction and expansion
losses.

Cross section interpolation can be accomplished in three ways from
within the HEC-RAS interface. The first method is to simply copy one
of the bounding cross sections and then adjust the station and
elevation data. The cross section editor allows the user to raise or
lower elevations and to shrink or expand various portions of any cross
section. The second and third options allow for automatic interpolation
of cross section data. From the Geometric Data editor, automatic

interpolation options are found under the Tools menu bar as shown in
Figure 6-59.

i ———
" Geometric Data - Base G Data + Interpolated EE
File Edit Options View Tables | Tools | GISTools Help
[oolz Eie?crh Stnurreaage 232;‘" E X5 Interpolation 3 Within a Reach ... ? siEsle bl
Editars’ === A
— Channel Design/Modification ... Between 2 X5's .\ J
"JL:CT' Channel Modification (original)...
Graphical Cross Section Edit ...
Cross X
Section Channel Bank Stations ...
\_\‘—"J Reverse X5 Stationing and Cut Line Data ...
Erdg;/Cul - - ,
& Cross Section Points Filter ...
Fixed Sediment Elevations ...
Inline
Structure: Pilot Channels ...
w Ineffective Areas 3
Lateral X X
Structure Mannings N Set Channel to Single value ...
w Vertical Datum Adjustment 3
Storage I
Area -
() Reach Connectivity ...
e Reach Order for Computations ...
A -
e Reach Order --> Find loops that prevent backwater solution ...
S-*E:?U“”EE Flow Roughness Factors ...
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[IVTR[=E:] Seasonal Roughness Factors ...
Pump 1 g
Eetng - ~4.33333
| e —
e, [ —— o
HTah — 4.18686°
Pararm. —
| e 3833133
Wigwn e a5
Picture — 3.16666*
— 283333
R S
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P A —
— 2.16666*
1.83333*
[ i -
pu—
=
—
T

0.3141, 0.8208

Figure 6-59 Automatic Cross Section Interpolation Options
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The first cross section interpolation option, Within a Reach, allows for
automatic interpolation over a specified range of cross sections within
a single reach. When this option is selected, a window will pop up as
shown in Figure 6-60. The user must first select the River and Reach
that they would like to perform the interpolation in. Next the user
must select a starting River Station and an ending River Station for
which interpolation will be performed. The user must also provide the
maximum allowable distance between cross sections. If the main
channel distance between two sections is greater than the user defined
maximum allowable, then the program will interpolate cross sections
between these two sections. The program will interpolate as many
Cross sections as necessary in order to get the distance between cross
sections below the maximum allowable. Additionally the user can
specify the number of decimal places used for the stationing and
elevations of the interpolated cross sections.

Cut Line GIS Coordinates. When cross sections are interpolated,
there location on the river system schematic is also interpolated. HEC-
RAS has two options for interpolating the coordinates of the cross
section cut lines: Linear Interpolation cut lines from the
bounding XS’s and Generate for display as perpendicular
segments to reach invert. The default method is linear interpolation
from the bounding cross sections. This method simply draws straight
lines between the two cross sections and interpolates the cross section
coordinates based on main channel distance. The second method
(perpendicular segments to the reach invert line) scales the cross
sections along the river reach invert line. A perpendicular segment
across the river reach is drawn for the main channel. However, the
overbanks are based on average slopes of the invert line upstream and
downstream from the point of intersection.
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X5 Interpolation by REEP‘ i
River: |Critin:a| Cr. i |
Reach: |L.I|:||:|er Reach ﬂ
Upstream Riv Sta: |12 -l
Downstream Riv Sta: |1 ﬂ
Maximurn Distance between X5's: 100]

Cut Line GIS Coordinates

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

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

Decimal places in interpolated Sta Elev: 0.00 -

Delete Interpolated X5's Interpolate X5's |

Close

Enter max distance between interp XSs.

Figure 6-60 Automatic Cross Section Interpolating Within a Reach

Once the user has selected the cross section range and entered the
maximum allowable distance, cross section interpolation is performed
by pressing the Interpolate XS's button. When the program has
finished interpolating the cross sections, the user can close the window
by pressing the Close button. Once this window is closed, the
interpolated cross sections will show up on the river schematic as light
green lines. The lighter color is used to distinguish interpolated cross
sections from user-entered data. Interpolated cross sections can be
plotted and edited like any other cross section. The only difference
between interpolated sections and user-defined sections is that
interpolated sections will have an asterisk (*) attached to the end of
their river station identifier. This asterisk will show up on all input and
output forms, enabling the user to easily recognize which cross
sections are interpolated and which are user defined.

The second type of automatic cross section interpolation, Between 2
XS's, allows the user to have much greater control over how the
interpolation is performed. When this option is selected, a Cross
Section Interpolation window will appear as shown in Figure 6-61.
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_“'
= X5 Interpolaticn - Base Geometry Data + Interpolated =
R —
River: |Criﬁn:a| cr. j Upper Riv S5ta: |11 - ﬂﬂ
Reach: |U|:u|:uer Reach j Lower Riv 5ta: |10 I

Distance Between X5's So0

Dec places in interp Sta/Elev: |IZI.IIIIII j |Maximum Distance [ﬂ]j |

Cut Line GIS Coordinates

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

=

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

| | Interpolate New X5's

Close

Figure 6-61 Detailed Cross Section Interpolation Window

This cross section interpolation window displays only two cross
sections at a time. The user can get to any two cross sections from
the River, Reach and River Station boxes at the top of the window.
Interpolated cross section geometry is based on a string model as
graphically depicted in Figure 6-59. The string model consists of chords
that connect the coordinates of the upstream and downstream cross
sections. The cords are classified as master and minor cords. As
shown in Figure 6-61, five master cords are automatically attached
between the two cross sections. These master cords are attached at
the ends of the cross sections, the main channel bank stations, and
the main channel inverts. Minor cords are generated automatically by
the interpolation routines. A minor cord is generated by taking an
existing coordinate in either the upstream or downstream section and
establishing a corresponding coordinate at the opposite cross section
by either matching an existing coordinate or interpolating one. The
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station value at the opposite cross section is determined by computing
the decimal percent that the known coordinate represents of the
distance between master cords and then applying that percentage to
the opposite cross section master cords. The number of minor cords
will be equal to the sum of all the coordinates of the upstream and
downstream sections minus the number of master cords. Interpolation
at any point in between the two sections is then based on linear
interpolation of the elevations at the ends of the master and minor
cords. Interpolated cross sections will have station and elevation
points equal to the number of major and minor cords.

This interpolation scheme is used in both of the automated
interpolation options ("Within a Reach"” and "Between 2 XS's"). The
difference is that the Between 2 XS's option allows the user to define
additional master cords. This can provide for a better interpolation,
especially when the default of five major cords produces an inadequate
interpolation. An example of an inadequate interpolation when using
the default cords is shown below.
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Delete Existing Interpolated X5's | | Interpalate Tew ¥5's

Close

Interp 4 xs's between “10" and "11

Figure 6-62 Cross Section Interpolation Based on Default Master Cords

As shown in Figure 6-62, the interpolation was adequate for the main
channel and the left overbank area. The interpolation in the right
overbank area failed to connect two geometric features that could be
representing a levee or some other type of high ground. If it is known
that these two areas of high ground should be connected, then the
interpolation between these two sections should be deleted, and
additional master cords can be added to connect the two features. To
delete the interpolated sections, press the Del Interp button.

Master cords are added by pressing the Master Cord button that is
located to the right of the Maximum Distance field above the graphic.
Once this button is pressed, any number of master cords can be drawn
in. Master cords are drawn by placing the mouse pointer over the
desired location (on the upper cross section), then while holding the
left mouse button down, drag the mouse pointer to the desired
location of the lower cross section. When the left mouse button is
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released, a cord is automatically attached to the closest point near the
pointer. An example of how to connect master cords is shown in
Figure 6-63.

R —
= X5 Interpolation - Base Geometry Data + Interpolated [ = ﬂ
River: |Criﬁn:a| Cr. ﬂ Upper Riv 5ta: 11 - ﬂﬂ
Reach: |U|:u|:uer Reach ﬂ Lower Riv Star |10 I

Distance Between X5's 500
Dec places in interp Sta/Elev: |D.DD ﬂ |I'~"Iaximum Distance {ft]ﬂ |1E"I|

Cut Line GIS Coordinates

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

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

Interpaolate New X5's

Close

Create additional interpolation cords

Figure 6-63 Adding Additional Master Cords for Interpolation

User defined master cords can also be deleted. To delete user defined
master cords, press the scissors button to the right of the master
cords button. When this button is pressed, simply move the mouse
pointer over a user defined cord and click the left mouse button to
delete the cord.

Once you have drawn in all the master cords that you feel are
required, and entered the maximum distance desired between
sections, press the interpolate button. When the interpolation has
finished, the interpolated cross sections will automatically be drawn
onto the graphic for visual inspection. An example of this is shown in
Figure 6-64.
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R —
== X5 Interpolation - Base Geometry Data + Interpolated [ = g
River: |Critin:a| cr. j Upper Riv Sta: |11 - ﬂﬂ
Reach: |U|:-per Reach j Lower Riv 5ta: |10 I

Distance Between XS's 100

Dec places in interp Sta/Elev: |D.DD j |Maximum Distance {ft]ﬂ |1EIEI

Cut Line GIS Coardinates

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

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

Delete Existing Interpolated X5's | | Interpolate New X5's

Close

:

Interp 4 xs's between “10" and "11"

Figure 6-64 Final Interpolation with Additional Master Cords

As shown in Figure 6-64, the interpolation with the addition of user
defined master cords is very reasonable.

In general, the best approach for cross section interpolation is to first
interpolate sections using the "Within a Reach" method. This
provides for fast interpolation at all locations within a reach. The
"Within a Reach" method uses the five default master cords, and is
usually very reasonable for most cross sections. Once this is
accomplished, all of the interpolated sections should be viewed to
ensure that a reasonable interpolation was accomplished in between
each of the cross sections. This can be done from the "Between 2
XS's" window. Whenever the user finds interpolated cross sections
that are not adequate, they should be deleted. A new set of
interpolated cross sections can be developed by adding additional
master cords. This will improve the interpolation.
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An additional option available in the “Between Two XS’s” interpolation
method is the ability to specify a constant distance for interpolation
and to specify a specific location to interpolate a cross section. The
Constant Distance option allows the user to put in a distance. This
distance will be used to interpolate cross sections starting from the
upstream cross section and moving downstream. Once the user
entered distance can no longer be met between the two cross sections,
then interpolation stops. The second option, Set Location (ft), allows
for the interpolation of a single cross section at a specified distance
from the upstream cross section.

CAUTION: Automatic geometric cross section interpolation should not
be used as a replacement for required cross section data. If water
surface profile information is required at a specific location, surveyed
cross section data should be provided at that location. It is very easy
to use the automatic cross section interpolation to generate cross
sections. But if these cross sections are not an adequate depiction of
the actual geometry, you may be introducing error into the calculation
of the water surface profile. Whenever possible, use topographic maps
to assist you in evaluating whether or not the interpolated cross
sections are adequate. Also, once the cross sections are interpolated,
they can be modified just like any other cross section.

If the geometry between two surveyed cross sections does not change
linearly, then the interpolated cross sections will not adequately depict
what is in the field. When this occurs, the modeler should either get
additional surveyed cross sections, or adjust the interpolated sections
to better depict the information from the topographic map.
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River Ice

The current version of HEC-RAS allows the user to model ice-covered
channels. This section of the user’s manual will describe how to enter
the data describing the ice cover and the ice cover properties. If the
ice cover geometry is known, that is, if the ice cover thickness and
roughness are known throughout the reaches of interest, the user can
supply these data and describe the ice cover directly. If the ice cover
results from a wide-river type jam, HEC-RAS will estimate the jam
thickness in reaches where the ice jam occurs. In this case, the user
can supply the material properties of the jam or use the default
values. To find out how to view specific results for a channel with an
ice cover, see Chapter 9 of this User’'s manual.

Entering and Editing Ice Data

River ice data can be entered in two ways: by using the Add Ice
Cover option under the Options Menu found at the top of the Cross
Section Data Editor (Figure 6-2), or by using Tables Menu found at
the top of the Geometric Data window (Figure 6-1). Both ways of
entering data will be described below. It is important to remember that
at least two cross sections are required to define the ice cover. A cross
section should be placed at the upstream and downstream ends of
each ice-covered reach.

Entering Ice Data at a Cross Section

To enter river ice data 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. See the CROSS SECTION DATA section of the User’s
Manual, for information on selecting the appropriate river, reach, and
cross section in the Cross Section Data Editor. Once a cross section
with an ice cover has been selected, choose the "Add ice cover..."
option under the Options Menu found at the top of the Cross Section
Data Editor (Figure 6-2). This will open the Ice Cover Editor (Figure 6-
65). All ice data for this cross section can be entered with this editor.
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Ice Cover Manning's n Values
LOB LOB ROB

| o5 | | jo.06

Ice Cover Spedfic Gravity: 915

Wide River Ice Jam

v [ Over Banks

Internal friction angle of jam (degrees):

Ice Jam Porosity (fraction water filled):
Coeffident K1{lateral to longitude stress in jam):

I Maximum mean velodty under ice cover:

T 7

=]
L
(5]

1

Ice Cohesion:

[+ Fixed Manning's n Value {or Mezhikovsky's data will be used)

oK Cancel Help | Clear

Figure 6-65 Ice Cover Editor

Ice Cover Thickness. The ice cover thickness in the left overbank
(LOB), main channel (Channel), and right overbank (ROB), are entered
here. If there is no ice in any of these areas, a thickness of zero should
be entered.

Ice Cover Manning’s n Values. The Manning’s n value of the ice
cover in the left overbank (LOB), main channel (Channel), and right
overbank (ROB), are entered here. If any part of a cross section has a
non-zero ice thickness, a Manning’s n value must be supplied.

Ice Cover Specific Gravity. The default value is 0.916. The user can
supply an alternative value here.

Wide River Ice Jam. The boxes under this option are checked if this
section is to be treated as a wide river ice jam. In this case, HEC-RAS
will estimate the jam thickness using the complete ice jam force
balance as described in the Hydraulic Reference Manual. The user can
confine the jam to the main channel or allow the jam to be in the
channel and overbank areas by checking the proper boxes. If the ice
cover is confined to the channel, the overbanks can have a known ice
thickness (including an ice thickness of zero) assigned to them in the
Ice Cover Thickness option. If the Wide River Ice Jam option is
selected, an ice cover thickness must be supplied for the main channel
using the Ice Cover Thickness Option or through the Ice Tables (see
below). This ice cover thickness will be used as the initial estimate of
the ice jam thickness and will also serve as the minimum thickness
allowed for the ice jam at that section. If the jam is allowed in the
overbank areas, the channel and overbanks hydraulic properties will
be combined to calculate a single jam thickness for the channel and
overbanks. NOTE: A wide river jam cannot be selected for an entire
river channel. A cross section with fixed ice cover geometry must be
included at the upstream end and the downstream end of the wide

6-135



Chapter 6 Entering and Editing Geometric Data

river ice jam to serve as the boundary conditions for the jam. There is
no limit to the number of separate wide river jams that can exist in a
river network. However, every ice jam must have a cross section with
fixed ice geometry at its upstream and downstream limit. Ice jams can
extend through any number of junctions. However, the jam will only
be extended between reaches that have identical reach names.

Internal Friction Angle of the Jam (degrees). This describes the
"strength" of the ice jam as a granular material. The default value is
45 degrees.

Ice Jam Porosity (fraction water filled). This describes the fraction
of the ice jam that is filled with liquid water. The default value is 0.4.

Coefficient K1 (longitudinal to lateral stress in jam). This
describes the ratio of the lateral stress and the longitudinal stress in
the jam. It is the efficiency of the jam in transferring longitudinal
stress into lateral stress against the channel banks. The default value
is 0.33

Maximum mean velocity under ice cover. This option limits the
maximum mean velocity under a wide river ice jam. The default value
is 5 fps. If the maximum mean velocity is greater than this, the ice
cover will be thinned until the maximum velocity is attained, or the
minimum ice thickness supplied by the user is reached. In any case,
the jam thickness will not be allowed to be thinner than the user
supplied thickness. This option prevents the jam from thickening to
such an extent that the entire cross sectional area of the channel
would become blocked.

Ice Cohesion. At present, the ice jam cohesion is set to the default
value of zero. This cannot be changed by the user. A value of zero is
appropriate for breakup ice jams.

Fixed Manning’s n Value (or Nezhikovsky’s data will be used).
The Manning’s n value of the ice jam can be specified by the user or
estimated using the empirical relationships developed from
Nezhikovsky’s data (1964). The empirical relationships estimate the
Manning’s n value on the basis of the jam thickness and the total
water depth. The default is the user supplied Manning’s n value.

Once all the ice data have been entered and edited, click the OK
button. At the bottom of the Cross Section Data Editor, in the space
entitled "List of special notes for cross section,"” the words "lce cover"
will now appear. The user can now click on the words "lce cover" to
return to the ice cover editor for that cross section.

Entering Ice Data Through a Table

Ice cover information can also be entered using the Tables Menu found
at the top of the Geometric Data Window (Figure 6-1). To enter data

the user selects the Ice Cover Option under the Tables Menu. All the
information that can be entered under the Ice Cover Editor can also be
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entered using the Ice Cover table. It is often very convenient to enter
and view data for more than one cross section at a time (Figure 6-66).

(el Thames River | J J J F3| ¥ Edit Interpolated X5's |

Reach: |ICE Jam Section J
Selected Area Edit Options
Add Constant ... | Multiply Factor ... | Set Values ... | Replace ... |
ver Statio| LOBice | Chanice | ROBice | LOBice | Chanice | ROBice |Ice Spedfic| Ice Jam | Ice Jam | Friction &
Thickness | Thickness | Thickness| Mannn | Mannn | Mannn | Gravity |[Zhan (y/n)| OB {y/n) | Angle J
1(42000 0.5 0.06 0.915 n n 45
2(41590 0.5 0.06 0.915 v n 45
341190 0.5 0.06 0.915 ¥ n 45
4 (40690 0.5 0.06 0.915 v n 45
5(40130 0.5 0.06 0.915 ¥ n 45
6(39190 0.5 0.06 0.915 v n 45
7| 38560 0.5 0.06 0.915 ¥ n 45
8(37530 0.5 0.06 0.915 v n 45 -
T O

Cancel Help

Figure 6-66 Entering Ice Information Using a Table

The user has the option of entering the ice thickness in the left
overbank (LOB ice Thickness), the main channel (Chan ice Thickness),
and the right overbank (ROB ice Thickness); the Manning’s n value of
the left overbank ice cover (LOB ice Mann n), the main channel ice
cover (Chan ice Mann n), and the right overbank ice cover (ROB ice
Mann n); and the specific gravity of the ice cover (Ice gravity). The
user can also choose if the ice cover in the main channel is the result
of a wide river ice jam (lce Jam Chan. Note: only y or n can be
entered here), and choose if the overbanks are also included in the
wide river ice jam (lce Jam OB. Note: only y or n can be entered
here). The user can further select the internal friction angle of the ice
jam (Friction Angle); the porosity of the ice jam (Porosity); the
longitudinal to lateral stress ratio of the ice jam (Stress K1 ratio); the
maximum allowable under ice flow velocity (Max Velocity); and if the
Manning’s n value of the ice jam is fixed, that is selected by the user,
or if the Manning’s n value will be determined by HEC-RAS (Note:
only y or n can be entered here).

As in all instances where a Table is used to enter data, in each column
the user has the option of entering one or more values, adding a
constant to one or more of the values, multiplying a group of values by
a factor, or changing a group of values to a specific value. Additionally,
cut, copy, and paste buttons are provided to pass data to and from the
Windows Clipboard.
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Entering Ice Data at Bridges

The influence of ice on the hydraulics of bridges is a relatively
unstudied area. Little is known about the ways in which a wide river
ice jam interacts with the various components of a bridge. The
important components of a bridge that may interact with an ice jam
include the piers, low chord, approaches, and deck. Previous
investigations of ice jams in rivers with bridges have largely ignored
their presence, arguing that observed ice jams did not contact the low
steel significantly. Removing the bridge information for an ice jam
study still remains an option. However to allow a user to efficiently use
HEC-RAS with ice and with bridges, three separate options are
provided. These options allow the user to selectively decide at each
bridge whether or not the ice cover can interact with the structure.
When modeling ice at bridges, users should carefully evaluate the
results for consistency and accuracy.

Ice information at bridges is entered using the Bridge/Culvert editor
found under the Geometry editor. Use the options menu in the
Bridge/Culvert editor to select the ice option. This will open a window
as shown in Figure 6-67.

i N

HEC-RAS

Select Ice Jam Computation Option

{* Mo ice computed in the bridge

" Ice remains constant throught the bridge

Figure 6-67. Entering Ice Information at Bridges

No ice computed in the bridge. In this case no ice calculations will
be preformed at the bridge itself and the ice thickness at the bridge
will be assumed to be zero.

Ice remains constant through the bridge. In this case, the ice
thickness at the cross section immediately upstream of the bridge will
be used. If the ice thickness is calculated as a wide river jam, this
thickness will be used.

Dynamic ice jam computed through the bridge. In this case, the
wide river ice jam calculations will be preformed at the bridge cross
section. The user must check for inconsistent results, especially if any
part of the ice jam is above the low chord of the bridge.

Setting Tolerances for the Ice Jam Calculations

The user can override the default settings for the ice jam calculation
tolerances which are used in the solution of the ice jam force balance
equation. The tolerances are set as multiples of the water surface
calculation tolerance used in the solution of the energy equation,
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described in the Simulation Options section of Chapter 7. The user can
change the values of these tolerances by changing the water surface
calculation tolerance. The tolerances are as follows:

Ice thickness calculation tolerance. This tolerance is compared
with the difference between the computed and assumed ice thickness
at a cross section. It is set to ten times the water surface calculation
tolerance. Its default value is 0.1 ft.

Global ice thickness calculation tolerance. This tolerance is
compared with the difference between the computed ice thickness at
each cross section between successive solutions of the ice jam force
balance equation and the energy equation. It is set to ten times the
water surface calculation tolerance. Its default value is 0.1 ft.

Global water level calculation tolerance. This tolerance is
compared with the difference between the computed water surface
elevations at each cross section between successive solutions of the
ice jam force balance equation and the energy equation. It is set to six
times the water surface calculation tolerance. Its default value is 0.06
ft.

Maximum number of ice jam iterations. This variable defines the
maximum number of times for successive solutions of the ice jam
force balance equation and the energy equation. It is set to 2.5 times
the maximum number of iterations. Its default value is 50.
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Viewing and Editing Data through Tables

Once cross-section and hydraulic structure data are entered, the user
can view and edit certain types of data in a tabular format. The
following options are available from the Tables menu option on the
Geometric Data editor:

Manning’s n or k values

It is often desirable to view and edit the Manning’s n values or
roughness heights (k values) for several cross sections all at the same
time. From the Geometric Data editor, the user can select
Manning’s n or k values from the Tables menu item. Once this
option is selected, a window will appear as shown in Figure 6-68.

As shown in Figure 6-68, the user has the options of selecting either n
or k values to be used as the roughness coefficient, add a constant to
one or more of the n or k values, multiply a group of n or k values by
a factor, or change a group of n or k values to a specific value.
Additionally, cut, copy, and paste buttons are provided to pass data to
and from the Windows Clipboard. The user can optionally select to
view all regions of the cross sections, the left overbank only, the main
channel only, the right overbank only, or both overbanks. The main
channel roughness coefficients are shown shaded in green in order to
make it easier to distinguish between overbank and channel roughness
coefficients in the table.

To add a constant to a group of n or k values, the user must first
highlight the values that they would like to change. Highlighting is
accomplished by placing the mouse in the upper left cell of the desired
cells to highlight, then press the left mouse button and drag the cursor
to the lower left corner of the desired cells to highlight. When the left
mouse button is released, the cells that are selected will be highlighted
(except the first cell). Once the user has highlighted the desired cells
to be modified, press the Add Constant button. This will bring up a
pop up window, which will allow the user to enter a constant value that
will be added to all cells that are highlighted.
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Edit Manning’s n or k Values - .- ¢
River: - M E I Edit Interpolated X5's Channv?l.l r;1'u'alues have
a light green
Reach: |Kv.=.-r1twood ﬂ |.ﬁ.JI Regions ﬂ ba%:kg?ound
Selected Area Edit Options
Add Constant ... | Multiply Factor ... | Set Values ... | Replace ... | Reduce toL ChR ... |
RiverStation | Frem(n) | n#1 | nz2 | n#3 | n#4 | nas | nss
1/5.99 n 0.1 0.14 0.04 0.14
2|5.875% n 0.1 0.12 0.04 0.14
3|5.76 n 0.1 0.04 0.14
4|5.685% n 0.09 0.1 0.04 0.1
5]5.61 n 0.03 0.1 0.04 0.08
5]5.525% n 0.07 0.09 0.1 0.04 0.06
7154 n 0.06 0.1 0.04 0.08
8(5.41 n 0.15 0.25 0.04 0.15
9|5.4 Bridge
10]5.39 n 0.15 0.2 0.04 0.2 0.15 0.2
11]5.29 n 0.04 0.06 0.04 0.06
12|5.21* n 0.07 0.08 0.04 0.08 0.06
13]15.13 n 0.1 0.04 0.1 0.06
14|5.065% n 0.1 0.04 0.1 0.03
15]5.0 n 0.1 0.04 0.1

QK

Cancel Help

Figure 6-68. Manning's n Data View and Editing Table

To multiply a group of n or k values by a factor, the user first
highlights the desired cells. Once the cells are highlighted, pressing
the Multiply by a Factor button will bring up a pop up window. This
window allows the user to enter a value that will be multiplied by each
of the highlighted cells.

To set a group of n or k values to the same number, the user must
first highlight the values that they would like to change. Once the cells
are highlighted, pressing the Set Values button will bring up a pop up
window. This window will allow the user to enter a specific n or k
value, which will replace all of the highlighted values.

The last option (Replace) is to find and replace a specific number with
a new number. When this option is selected the user is asked to put in
a number to search for and also a number to replace it with. This
option only searches and replaces data in highlighted fields.

An additional option is the Reduce Channel to a Single n-Value.
This option will find the Manning’s n or k value at the midpoint
between the main channel bank station, then change the entire
channel to a single roughness coefficient equal to that midpoint value.

The user can also go directly into the table and change any individual
values.
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Reach Lengths

The user has the ability to view and edit cross section reach lengths in
a tabular format. This is accomplished by selecting Reach Lengths
from the Tables menu of the Geometric Data editor. Once this option
is selected, a window will appear as shown in Figure 6-69. The user
has the same editing features as described previously for the n values
table. See the discussion under Manning’s n or k values, in the
previous section, for details on how to edit the data.

River: |Beaver Creek | ﬁ @ v Edit Interpolated X5's
Reach: |Kentwnnd ﬂ
Selected Area Edit Options
Add Constant ... Multiply Factor ... | Set Values ... | Replace ... |
River Station LOB | Channel | ROB
1(5.99 440 00 400
2|5.875% 440 a0a 400
3[5.76 225 400 275
4[5.685% 225 400 275
5(5.61 240 450 190
6| a.225* 240 450 190
7544 270 170 500
8(5.41 100 100 100
9(5.4 Bridge
10]5.39 320 500 520
11)|5.29 410 416.5 410
12|5.21% 410 416.5 410
13]15.13 310 355 340
14| 5.065* 310 355 340
15| 5.0 0 0 0

Cancel Help |

Figure 6-69. Reach Lengths View and Editing Table

Contraction and Expansion Coefficients (Steady Flow)

The user has the ability to view and edit contraction and expansion
coefficients for Steady flow hydraulics in a tabular format. This is
accomplished by selecting Contraction/Expansion Coefficients
(Steady Flow) from the Tables menu of the Geometric Data editor.
Once this option is selected, a window will appear as shown in Figure
6-70. The user has the same editing features as described previously
for the n values table. See the discussion under Manning’s n values, in
the previous section, for details on how to edit the data.
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Edit Contraction/Expansion Coefficients (Steady Flow) -

River: - E E Iv Edit Interpolated X5's
Reach: |KEntwund j
Selected Area Edit Options
Add Constant ... | Multiply Factor ... | Set Values ... | Replace ... |
River Station Contraction | Expansion
1(5.99 0.1 0.3
2|5.875% 0.1 0.3
3| 5.78 0.1 0.3
4(5.685% 0.1 0.3
5(5.61 0.1 0.3
6|5.525% 0.1 0.3
7| 5.94 0.3 0.5
8(5.91 0.3 0.5
9|5.4 Bridge
10]5.35 0.3 0.5
11|15.29 0.1 0.3
12| 5.21% 0.1 0.3
131 5.13 0.1 0.3
14| 5.065% 0.1 0.3
15|5.0 0.1 0.3

oK Cancel Help

Figure 6-70. Contraction and Expansion Coefficients (Steady Flow) Table

Contraction and Expansion Coefficients (Unsteady Flow)

In general, contraction and expansion losses are not used in unsteady
flow, and therefore the default coefficients are 0.0. Forces due to
contractions and expansion are handled in the momentum equation
through pressure force differences. However, because HEC-RAS is a
one-dimensional unsteady flow model, the one-dimensional
momentum equation does not always capture all of the forces acting
on the flow field at a sharp contraction and/or expansion zone. In
order to better approximate the forces acting on the water, and the
resulting water surface elevation, at a contraction and/or expansion,
the user can enter empirical contraction and expansion coefficients for
unsteady flow modeling. These coefficients will be multiplied by a
change in velocity head, just like in steady flow modeling, but the
resulting energy loss gets converted to an equivalent force for
placement into the momentum equation.

The user has the ability to view and edit contraction and expansion
coefficients for Unsteady Flow hydraulics in a tabular format. This is
accomplished by selecting Contraction/Expansion Coefficients
(Unsteady Flow) from the Tables menu of the Geometric Data
editor. Once this option is selected, a window will appear similar to
the one shown in Figure 6-71. The user has the same editing features
as described previously for the n values table. See the discussion

6-143



Chapter 6 Entering and Editing Geometric Data

under Manning’s n values, in the previous section, for details on how

to edit the data.

Figure 6-71. Contraction and Expansion Coefficients (Unsteady Flow) Table

Minor Losses

Edit Contraction/Expansion Coefficients (Unsteady Flow| -
River: - ﬁ g v Edit Interpolated X5's
Reach: |Lu|: Hav j

Selected Area Edit Options

Add Constant ... | Multiply Factor ... | Set Values ... | Replace ... |
River Station Contraction | Expansion -

106 | 57250,60 0.1 0.3

107| 56775.92 0.1 0.3

108| 56243, 79 0.1 0.3

109] 55700, 55 0.1 0.3

110 54696, 51 0.1 0.3

111] 53922, 53 0.1 0.3

112]52879,19 0.1 0.3

113]|51784. 74 0.1 0.3

114| 50720, 68 0.1 0.3 J

115|49715.77 0.1 0.3

116|48965.94 0.1 0.3

117|45110,09 0.1 0.3

118| 47453, 14 0.1 0.3

119|46722,59 0.1 0.3

120|46310.48 0.1 0.3 |

Cancel Help

Minor losses due to bends, junctions, etc... can be added to both the
steady flow and the unsteady flow solution. Minor losses are
computed by the user entering a K loss coefficient at a specific cross
section. The K loss coefficient can vary from 0.0 to 1.0. This loss
coefficient gets multiplied by the velocity head at that specific cross
section in order to compute the minor energy loss. This energy loss
gets added to the energy equation for steady flow computations. For
unsteady flow computations, the energy loss is converted to an
equivalent force and inserted into the momentum equation. In both
cases the energy loss is assumed to act as a force in the upstream
direction to slow the flow down.

To use the minor loss option, select Minor Losses from the Tables
menu at the top of the Geometric editor. When this option is selected,
a table will appear allowing the user to enter a K loss coefficient at any
desired cross section.
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Bank Stations

This table allows the user to set or move the main channel bank
stations. If the main channel bank stations have not been set, and the
user brings up this table, the bank stations will be set to the ends of
the cross section. If the bank stations are already set the user can
adjust the bank stations by adding a constant, multiplying them by a
factor, or setting them to a specific value. If the new bank stations do
not exist in the cross section, the program will automatically
interpolate them.

Levees

This table allows the user to easily enter and edit levee stations and
elevations. The editor allows the user to quickly move levee stations
and/or elevations. This can be very useful when trying to decide on a
location for levee setbacks and/or the levee elevations.

Ice Cover

This option allows the user to enter ice cover data in a tabular form. A
detailed discussion of ice cover information was presented earlier in
this chapter.

Names

This option allows the user to change the name of any of the objects
that make up the model schematic of the river system. When this
option is selected, a submenu will appear that lists all of the objects of
the schematic in which the user may want to change the current name
of. This list includes: River and Reach Names; River Stations; Node
Names; Node Descriptions; Junctions; storage Areas; Storage Area
Connections; and Pump Stations.

River and Reach Names

This option will bring up a table of all the River and Reach names in
the model. The user can change any name by simply going to the
appropriate cell and changing the current label.

River Stationing

This option allows the user to view and edit the cross section river
stationing in a tabular form. This is accomplished by selecting

Names, then River Stations from the Tables menu of the Geometric
Data editor. Once this option is selected, a window will appear as
shown in Figure 6-72. This table allows the user to change the river
stationing of individual cross sections, add a constant value to the river
stationing of selected cross sections (those cross sections highlighted
by the user), multiply the selected cross sections river stationing by a
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factor, or to renumber the cross section river stationing based on the
main channel reach lengths

Rename River Staticns‘

River: h
Reach: |Lc:u: Hav j
Main Channel Lengths ] GIS Cut Line Intersection |
Starting RS Value: |EI |}'_ decmal places j
Create RS in miles | Create RS in feet |
Il —selected Area Edit Options
l Add Constant | Multiply by Factor |
RS Mew R.5 -
I 1{138154.4 138154.4
2[137690.8 137690.8
3| 137327.0 137327.0
4| 135564.9 136564.9
5(136202.3 136202.3
©6(135591.4 135591.4
7(135068.7 135063.7
8(134487.2 134487.2
9(133331.0 1335581.0
101133446, 1 133446.1
11|132973.6 132973.6
121132363.8 132363.8
13| 131699.7 131699.7
14| 130997.6 130997.6
15|130339.2 130339.2
16| 129627.5 129627.5
17| 1287a60.7 1287a0.7
18| 128280.7 128280.7
191 127410.9 127410.9 ﬂ
K Cancel Help

Figure 6-72. Cross Section River Stationing View and Editing Table

Node Names

This option allows the user to add an additional name to a node (a
node is a cross section, bridge, culvert, inline structure, etc...). The
name can be up to 16 characters long. The user can request that the
name be displayed on a profile plot or on a cross-section plot. To use
this feature, select Names, then Node Names from the Tables
menu. When this option is selected a window will appear as shown in
Figure 6-73. Enter any text name that you want at a desired location
within the model.
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River: |{.|5.JI Rivers) j
Reach: | ﬂ Find Text ... | Replace Text ...
MNode Mames (16 Characters Maximum)
River Reach RS Mode MName
1|Beaver Creek  |Kentwood 5.99
2|Beaver Creek | Kentwood 5.875%
3|Beaver Creek  |Kentwood 5.76 ISGS Gage
4|Beaver Creek | Kentwood 5.685%
5|Beaver Creek  |Kentwood 5.61
& |Beaver Creek | Kentwood 5.525%
7|Beaver Creek | Kentwood 5,44
&|Beaver Creek  |Kentwood 5.41
9 |Beaver Creek  |Kentwood 5.4 BR [Highway 1049
10|Beaver Creek | Kentwood 5.39
11|Beaver Creek | Kentwood 5.29
12|Beaver Creek | Kentwood 5. 21%
13|Beaver Creek | Kentwood 5.13
14|Beaver Creek | Kentwood 5.065%
15|Beaver Creek | Kentwood 5.0

Figure 6-73. Node Name Table Editor

Node Descriptions

This table allows the user to enter a description for any node (cross
section, bridge, culvert, inline structure, lateral structure, and pump
stations). The description can be up to six rows of text. The table
allows the user to display any number of the rows at one time. The
user can request that the description be displayed on a profile plot or
on a cross-section plot. To use this feature, select Names, then Node
Descriptions from the Tables menu. Enter any text description that
you want at a desired location within the model.

Junctions

This option allows the user to change the name of any junction that is
currently in the model.

Storage Areas

This option allows the user to change the name of any storage area
that is currently in the model.

Storage Area Connections

This option allows the user to change the name of any storage area
connection that is currently in the model.
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Pump Stations

This option allows the user to change the name of any pump station
that is currently in the model.

Picture File Associations

This table allows the user to see and edit the directories that pictures
are attached to for the project. For example, if all of the pictures for a
project were in a directory separate from the project, and these
pictures were then moved to another directory, this table would allow
you to easily change the associated directory for the pictures.

Ineffective Flow Area Elevations

This table allows the user to see the trigger elevations for all of the
ineffective flow areas in the model. The user can change any of the
elevations directly from this table.

Bridge Width Table

This option allows the user to view and/or modify bridge width and
distance data. Previous versions of HEC-RAS (versions 2.21 and
earlier) allowed the user to enter a zero length between the cross
sections inside of a bridge and the cross sections just outside of the
bridge. This creates and unrealistic water surface profile in the vicinity
of the bridge. Current versions require the user to maintain some
distance between the outside cross sections and the bridge structure.
This table was added to make the process of modifying old data sets
less painful. When this option is selected, a window will appear as
shown in Figure 6-74. As shown in Figure 6-74, the user is given the
length between the cross sections that bound the bridge (Dist Avail),
the distance between the upstream cross section and the bridge
(Upstream Dist), the bridge width (Bridge Width), and the distance
between the downstream cross section and the bridge (Downstream
Dist). The user must ensure that the upstream and downstream
distances are greater than zero. This will require entering an
upstream distance, and then changing the bridge width to allow for a
positive downstream distance.
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i -
Bridge Width and Upstream Distance Tabl

rver: [T IR - | & | B @

Reach: |Lc:n: Haw

Selected Area Edit Options

=]

Add Constant ... | Multiply Factor ... | Set Values ... | Replace ...
River Station Dist Avail Upstream Dist | Bridge Width | Downstream Dist

1] 103245 247.45 100 42 105.45
2| 75960 85.15 30 30 25.15
3| 58730 1277 40 20 67.7
4] 36713 106.12 35 30 41. 12
5| 23828 88.41 20 50 18.41
6]21241 83.41 30 20 33.41
7115100 2193.53 240 210 143.53
3]11985 1558.43 50 50 69.43
9| 2920 316.24 50 160 106.24
10| 2436 129.19 15 100 14.19

Ok

Cancel

Help

Figure 6-74. Bridge Width and Distance Table

Weir and Gate Coefficient Table

This table allows the user to see and edit all of the weir and gate
coefficients for all of the inline and lateral structures within the model.

HTAB Internal Boundaries Table

This table allows the user to see and edit all of the Hydraulic Tables
properties that have been specified for internal boundaries, such as
bridges, culverts, inline structures, lateral structures, and storage area
connections. These hydraulic table properties are used in defining the
limits that the pre-processor uses for building the family of curves for
each internal boundary structure. This option is only used in an
unsteady flow simulation.

Linear Routing Coefficients

This option allows the user to view and edit any linear routing
coefficients that have been entered for either lateral structures or
storage area connections.

Priessmann Slots on Lidded XS’s

This table allows the user to turn the Priessmann slot option on or off
for any or all of the cross sections that have lids added to them. An

example of this table is shown below in Figure 6-75.
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River: |{.ﬁ.|| Rivers) j i

Reach: | ﬂ

Ched: for a Preissmann's Slot to be added to X5's with a lid

River Reach RS Add Preissmann Slot | «
1| 17th Street 3 36020 [
2| 17th Street 3 35519.8% v
3| 17th Street 3 35619.6% v
4| 17th Street 3 35419.4% v
5| 17th Street 3 35219.2% v
6| 17th Street 3 35013, % ™

I | 7] 17th street 3 34818.5% 7
8| 17th Street 3 34618.6% I
9| 17th Street 3 34413.4% v
10| 17th Street 3 34218.2% v

A
j Cancel

Figure 6-75. Table Editor For Priessmann Slot Option.

As shown in the Figure above, every cross section that has a lid will
show up in the table. If the user wants the Priessmann slot option to
be used during unsteady flow calculations, then that cross section
must be checked in the column labeled Add Priessmann Slot. An
easy way to turn this option on or off for all of the cross sections is to
click on the column heading of the check box column (which will
highlight all of the locations in the table). Then, pressing the space
bar will toggle the check mark on and off for all of the highlighted
locations.

The Priessmann Slot option will instruct the computational code to
treat this cross section and lid as a pressurized pipe. This option is
only for unsteady flow computations. If the option is turned on, the
conveyance curves for the cross section will be truncated at the
maximum low chord elevation of the lid. Priessmann slot theory will be
used for modeling the flow once it becomes pressurized. For more on
modeling pressurized pipes in HEC-RAS, please review the section on
modeling pressurized pipes in Chapter 16 of this manual, as well as
the HEC-RAS Hydraulic Reference manual.

Manning’s n by Land Classification

This table allows the user to enter Manning’s n values for various Land
Classification types. This option requires the user to have added a
Land Classification Map layer into the HEC-RAS project inside of RAS
Mapper. If a land Classification Layer has been developed within HEC-
RAS Mapper, that layer can then be selected (associated with a specific
geometry file). Once a Land Classification layer is selected, the types
of land classifications contained within that layer will show up in the
table (See Figure below). The user can then enter a Manning’s n
values to associate with each Land Classification type (name).
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Currently this option for entering Land Classifications, and associating
Manning’s n values with them, is only used for defining Manning’s n
values for 2D Flow Areas. See the Figure below for this example:

Set Manning's n to Override Default Lan
—Selected Area Edit Options
Add Constant ... | Multiply Factor ... | Set Values ... | Replace ... |

Land Caover Layer Geometry Overrides (Blank for Default Values)

Default Mann n| Base Mann n (blank for default) | Flat Area
nodata 0.06
building 10 100
medium density residential 0.08
open space 0.04
park 0.06
frees - 0.12
urban . 0.1

Assodiated Layer: [d:\,..\Example Data\2D Unsteady Flow Hydraulics\Muncie\LandCover\LandCoverUserShapefile, tif

0K |

Figure 6-76. Manning's n by Land Class Table.

As shown in the Figure above, the editor displays the Manning’s n
values that may be contained within the Land Cover file (Default
Mann n). The user can override these default Manning’s n values for
this specific geometry file by entering their own defaults into the
column labeled Base Mann n (Blank for default). If this column is
left blank, the software will use the Manning’s n values from the Land
Cover Layer. If the user enters values in this column, then these
values will be used for those Land Cover layer types.

Additionally, the user has the option to draw polygons on top of the
geometry, in which they can redefine the Manning’s n values within
that polygon. This option could be used for calibrating manning’s n
values within that region (Inside of the polygon), or it could be used
for defining main channel Manning’s n values based on user defined
regions (polygons). To use this option, draw polygons onto the
geometric editor, using the drawing tool labeled 2D Area Mann n
Regions. After drawing the polygon the user is required to give it a
unique name. Once the polygons are drawn they will show up in the
Manning’s n by Land Cover Table. Right now these Manning’s n values
only work for 2D Flow Areas.
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Importing Geometric Data

HEC-RAS has the ability to import geometric data in several different
formats. These formats include: a GIS format (developed at HEC); the
USACE Standard Surveyor format; HEC-2 data format; HEC-RAS data
format; UNET geometric data format; and the MIKE11 cross section
data format. Data can be imported into an existing HEC-RAS
geometry file or for a completely new geometry file. Multiple data
files can be imported into the same geometric data file on a reach-by-
reach basis.

To import data into a HEC-RAS geometric data file, the user selects the
Import Geometric Data option from the File menu of the Geometric
Data window. Once this option is selected, the user then selects one
of the available formats from the list. Once this choice is made, a
window will appear allowing the user to select a file containing the
data to import. After the user has selected a file, an import window
will appear to guide you through the import process.

The Import Options window will guide you through the process of
importing all or part of the import file. The initial tab of the Import
Options dialog is the Intro tab, shown in Figure 6-77. HEC-RAS will
read the import file and look for a “UNITS” tag. Based on the value
associated with the tag, you will be offered the option to import the
data in the current unit system or to convert the data from one unit
system to another. If no unit system is found in the file the import
dialog will default to your current RAS project units.
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Import Geometry Data

Intro | River Reach Stream Lines | Cross Sections and IB Nodes | Storage Areas and Connections |

The import data has been read into a temporary geometry structure and
now can be incorporated into the current geometry file. Step through the
various tabs to select the desired import options. When all the appropriate

options have been set, press the Finished - Import Data button.

Current RAS project units: |US Customary Units

Import data as: IO Customary units
" 51 (metric) units

Import data will not be converted on impart.

Previous |

Figure 6-77. Unit system conversion is an import option in HEC-RAS

Finished - Import Data Cancel

River Reach Stream Lines

The next tab on the import options window is the River Reach Stream
Lines (see Error! Reference source not found.). This set of options
allows you to specify which river reaches to import, how to import the
data, and what to name the river and reach. Import options for the
river and reaches are summarized in Table 6-2.
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Import Geometry Data —

Intro  River Reach Stream Lines I Cross Sections and I8 Nodes | Storage Areas and Connections |

r generated while reading it are v. Check the reaches

The river reach stream lines found in the
impart, and modify port dy

listed bel

Import File Import File Invert |Import As Import As Import |Import Merge Mode
River Reach #Paints | River Reach Status |Stream Lines
1|Baxter River [Upper Reach |[2589 [Bawter River  Upper Reach inew v Replace
2|Baxter River [Lower Reach |5798 |Baxter River  Lower Reach  new v Replace
Tule Creek Tributary 1907 | Tule Creek Tributary v Replace

Previous Mext Finished - Import Data Cancel

Figure 6-78. River and reach import options.

Table 6-2. Summary of River Reach Import option fields.

Column Description

Import As The name of the River once it is imported to RAS.
River

Import As The name of the Reach once it is imported to RAS.
Reach

Import Status Identifies whether the river reach exists in the RAS
geometry file or is new.

Import Stream Checkbox to choose what river reaches to import. Use
Lines the spacebar to toggle the checkbox. All rows can be
selected by clicking on the column header.
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Merge Mode The river reach can replace existing data, append

upstream, or append downstream.

Cross Section and IB Nodes

The next tab on the Import Options window allows you to import cross
sections and internal boundaries (bridges and inline structures). The
Cross Sections and IB Nodes screen options are shown in Error!
Reference source not found..

Import Geometry Data

Intro | River Reach Stream Lines i.Gress.Sections.and JB Nodes | Storage Areas and Connections |
Mode Types in Table
’7 [w Cross Sections (X5)

¥ Bridges and Culverts (BR/Culv)  |[v Inline Structures (IS) | Lateral Structures (LS)

Import River:

Import Reach:

(Al Rivers)

Import As: | #FRS5 = 180 # MNew= 130 # Import = 130
Import As: | CheckMew | CheckExsting | Reset |

Lell«

V

The imparted RS can be edited here, change the import River and Reach names on the previous tab
Import File Import File Import File Import As Import |Import
River Reach RS RS Status [Data
1| Baxter River Upper Reach 34816 84316, new [
2|Baxter River Upper Reach 84000 54000, new =
3| Baxter River Upper Reach 83554. 33554, new i
4|Baxter River Upper Reach 83362, 83362, new =
5| Baxter River Upper Reach 32964 32964, new v
& |Baxter River Upper Reach 82599 52599, new v
7| Baxter River Upper Reach 81920 51920, new =
8| Baxter River Upper Reach 81718, 31718, new v
9|Baxter River Upper Reach 81236, 81236, new =
10 | Baxter River Upper Reach 80916 80916, new i
11| Baxter River Upper Reach 80628 806523, new v
17| Raxter River Linner Reach AN377 AN3TT. nEw v il

Select Cross Section Proj

Mode Mames

| Descriptions

—Match Import File RS to Existing Geometry RS ——

Matching Tolerance |,nl Match to Existing |

erties to Import
V¥ Ineffective Areas
|v Blocked Obstructions

[T PFicture References [T =5 Lids —Round Selected RS

[¥ GIS Cut Lines I Ice Data [2 decimal places -] Round |
| Station Elevation Data |l Rating Curves

¥ Reach Lengths [T Skew Angle rGenerate RS Based on main channgl lenaths

¥ Manning's n Values [ Fixed Sediment Elewation {only available when looking at a single reach)

¥ Bank Stations [ HTab Parameters Starting RS Value: |U IZ decimal plac&LI

[T Contraction Expansion Coef

™ Pilot Channel Parameters

I

Levees

Create RS in miles | Create RS in feet |

Previnusl Mext | Finished - Impart Data I Cancel |

Figure 6-79. Cross section and internal boundary import options.

There are several options for importing cross-sectional data. You must
first specify the Import River and Import Reach upon which the cross
sections reside. The import dialog will inform you what river and reach
name the data will import to (Import As) in the HEC-RAS geometry.
(The Import As information was specified on the River Reach Stream
Lines tab). You then specify the cross sections to import and the
specific cross section properties to import.
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Only those cross-sectional properties available from the import file will
be available for import. Properties selected will be imported for each
cross section specified during the import process. The properties
import option will allow you to update individual pieces of data (such
as bank station data) without modifying the other data already
specified in HEC-RAS.

The cross sections that will be imported and how they will be imported
are specified in the import table. Import table options are summarized
in Table 6-3.

Table 6-3. Summary of Cross Section and IB Nodes Import option fields.

Column Description
Import File The name of the River in the import file. Refer to the
River associated Import As field to see the name of the river

that the cross section will be imported into.

Import File The name of the Reach in the import File. Refer to the
Reach associated Import As field to see the name of the reach
that the cross section will be imported into.

Import File RS The name of the River Station in the import file.

Import As RS The name of the River Station the cross section will be
imported into. This data may be user-specified and
changed using the provided tools. The “Reset” button
will replace the river station data with the data in the
import file.

Import Status  The Import Status will be “New” or “Exists”. New will
add the cross section to the data. Exists will update
(replace) the existing data with the properties
specified.

Import Data Checkbox to choose what river stations to import. Use
the spacebar to toggle the checkbox. All rows can be
selected by clicking on the column header. You can
also use the buttons provided to select all of the New
cross sections (Check New) or those that Exist (Check
Existing).

There are also several tools provided to change the river station name.
River station identifiers are the link between the GeoRAS generated
data and the HEC-RAS data. Cross-sectional river stations must be
numbers in HEC-RAS. HEC-RAS will use the river stations (along with
River names) for determining the order of cross sections for
performing water surface profile calculations. River station numbers
must increase in the upstream direction. Import options for river
stations allow you to match river stations to the existing geometry,
round the river station value for import, and create river stationing.
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Match River Stations to Existing Geometry

The Match Import File RS to Existing Geometry RS option allows you to
specify a numeric tolerance to search for duplicate cross sections in
existing geometry files. This tool is useful when you are re-importing
cross section data where you may have modified the stream centerline
or cross section layout. The newly computed river stations may differ
from the original stationing due to small spatial changes made in the
GIS. This tool is also convenient if you are updating cross sections
that have river stations that were rounded during the initial import of
the data.

Round Selected River Stations

GeoRAS may export the river stationing to more decimal places than
are necessary. You can round the river stations to the precision
appropriate for your study.

Create River Stations

By default, GeoRAS will compute river stations in the unit system of
the digital terrain model and will use a zero station at the most
downstream end of each river reach. If you wish to change the river
stationing you can do so in the GIS, or you can do so during the
import process. It is recommended that you document the method
used if you change the river stations. Documenting the method used
to compute new river stations will be important if you need to re-
import cross-sectional data — the river station identifier is the link
between the GeoRAS generated data and the HEC-RAS data.

Storage Areas and Connections

The Storage Areas and Connections tab, shown in Figure 6-80, allows
you to specify storage areas and storage area connections to import
and what name to import them with.
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Storage Areas and their Status

I Import Geometry Data

Intro | River Reach Stream Lines | Cross Sections and IB MNodes 5..S.ta[ag&.m.eas.ﬂld.ﬂannacﬁgns..él

Available Connections and their Status

Import File

Impart File

Import As

Storage Area

5A Conn

Storage Area

Morthside

Morthside

Southside

Southside

Check only the new storage areas | Check only the new storage area connections |
Select Storage Areas Properties to Import Select Storage Area Connections Properties to Import |
¥ outline ¥ GIS Line |
[¥ Elevation-Volume Relationship ¥ wWeir Profile

Previous | Mexk | Finished - Import Data Cancel |

Figure 6-80. Storage Areas and Connections import options.

The following is a brief description of each of the file types that HEC-
RAS can import to the Geometric Data editor.

GIS Format

A file format for interfacing HEC-RAS with GIS/CADD systems has
been developed at HEC. A detailed description of the file format is
contained in Appendix B of this manual. Chapter 14 of this manual
provides detailed discussions on how to import GIS/CADD data into
HEC-RAS, as well as how to export computed water surface profiles
back to GIS/CADD systems.

USACE Survey Data Format

The U.S. Army Corps of Engineers (USACE) has developed a standard
file format for survey data. This format is documented in Chapter 6 of
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Engineering Manual (EM) 1110-1-1005. The USACE survey format
encompasses a wide range of data types. The current version of HEC-
RAS has the capability to read this file format, but only cross section
data are extracted from the file. At this time all other data are
ignored.

HEC-2 Data Format

The HEC-2 program was the predecessor to the HEC-RAS software
package. The HEC-2 program was used for many years to compute
steady flow water surface profiles. Consequently, thousands of data
sets exist in the HEC-2 data format. HEC-RAS has two ways of
importing HEC-2 data. The first way is accomplished through the use
of the Import HEC-2 Data option from the File menu on the main
HEC-RAS window. When this method is used, it is assumed that the
user has started a new project; and therefore all of the HEC-2 data is
imported (geometric data, flow data, and plan information). A second
way of importing HEC-2 data is provided from the geometric data
editor. This way of importing HEC-2 data allows the user to bring the
data into existing HEC-RAS geometric data files. This method also
allows the user to import multiple HEC-2 data files into the same HEC-
RAS geometric data file. However, when importing HEC-2 data from
the geometric data window, only the geometric data contained in the
HEC-2 files will be imported. All of the other data (flow data and plan
information) will be ignored.

HEC-RAS Data Format

This option allows the user to combine several HEC-RAS geometry files
into a single geometry file. For example, if several pieces of a river
system were developed as separate HEC-RAS models, this option could
be used to put them together into one model.

UNET Geometric Data Format

This option allows the user to import a UNET geometric data file
(CSECT geometry file). UNET is an unsteady flow program developed
by Dr. Robert Barkau. The Corps, as well as many other agencies, has
used this software for many years. UNET models are often very
complex, consisting of many river reaches that can be connected in
numerous ways. The HEC-RAS UNET importer does not have enough
information to draw the schematic in the proper manner. The river
reaches and storage areas will be connected correctly, but the user will
need to edit the schematic to make it look like the actual river system.

MIKE11 Cross-Section Data

This option allows the user to import cross section data from the
MIKE11 program. MIKE11 is a one-dimensional river hydraulics model
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developed by the Danish Hydraulic Institute. Users must first export
the MIKE11 data to a raw text file. This is an available option from
MIKE11l. Once the data is in the text file format, it can be imported
into HEC-RAS.

CSV (Comma Separated Value) Format

This option allows for the import of comma separated value data. Itis
only intended to import cross section geometry and does not resolve
the river network. River system connectively must be completed by
forming junctions after all of the cross section data has been imported.

The data must be in the format of “River Station”, “X”, “Y”, “Z” or
“River Station”, “Station”, “Elevation”, as shown in Figure 6-81. Once
a file has been selected, you must choose the file format and select
the Column Headers that correspond to the HEC-RAS geometry
convention. By default, HEC-RAS looks for keywords (such as “River”,
“Reach”, “X”, “Y”, “Z”, “Elevation”, etc...) to automatically populate the
selected data list item. The River and Reach data is optional — if it is
not specified, all cross sections will be assigned to the same river
reach.

=, CSV Import X

Select the format tepe for the data you would like to impart. 1f a River and Reach are not specified, the data will be imported with a
unigue River and Reach name which pou can rename.

The firzt line of the import file muzt contain the Column Headings for the Comma S eparated Yalue data. The first ine of the file iz

|Hiver,H each RS XY .72

" Station-Elewaton Farmat

¥, Z Format
Thiz format requirez column data for River Station [RS], Easting [£), Morthing [7], and Elevation [£].

River:| River - Heach:lHeach j HS:|HS j .‘><:|.‘><.' j Y:|Y j Z:|Z j

0K | Cancel |

Figure 6-81. CSV data import window.

After identifying the Column Headers, using the dropdown lists, for the
data in the CSV file, the standard RAS Geometric Data Import window
(Figure 6-80) will appear to guide you through the import process of
identifying exactly what data you would like to import. After the cross
sections are imported, most likely you will need to adjust the river
centerlines and establish connectivity with junctions.

One option for completing the River Network is to create a
georeferenced stream centerline (or a stick figure diagram of the
system). Then import the RAS cross sections onto the stream
network. A detailed discussion on creating a georeferenced stream
centerline is provided in a later Section of this document: Example of
Georeferencing an HEC-RAS Model.
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Geometric Data Tools

Several tools are available from the Geometric Data editor to assist
you in the development and editing of data. These tools consist of:
cross section interpolation; Channel design/modification; channel
modification; graphical cross section editor; channel bank stations;
reverse stationing data; set ineffective flow areas to permanent mode;
cross section points filter; fixed sediment elevation; pilot channels;
and GIS cut line check. The cross section interpolation tool has been
described previously in this chapter. Channel modification is described
separately in Chapter 13 of this manual. The following is a short
description of each of the tools.

Graphical Cross Section Editor

A graphical cross section editor is available from the Tools menu of
the Geometric Data Editor window. When this option is selected, a
window will appear as shown in Figure 6-82.

The user has the option to move objects (objects are ground points,
main channel bank stations, Manning’s n value station locations,
ineffective flow areas, levees, and blocked obstructions), delete
objects, or add new objects. To move an object, the user first selects
Move Objects from the Options menu. Then move the mouse
pointer over the object that you want to move, press down the left
mouse button, and then move the object. When you are finished
moving the object, simply release the left mouse button and the object
will be moved. To delete an object, first select Delete Objects from
the Options menu. Next, move the mouse pointer over the object
that you would like to delete and click the left mouse button.
Whatever object is closest to the mouse pointer will be deleted. To
add an object to the cross section, first select the type of object you
want to add from the available list under the Options menu. Once
you have selected an object type to add, move the mouse pointer to
the location where you would like to add it and click the left mouse
button. If the object that you are adding requires more than one
point, such as blocked ineffective flow areas and blocked obstructions
then continue to move the mouse pointer and click the left mouse
button to add the additional points.
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Figure 6-82. Graphical Cross Section Editor

Other available options from the Graphical Cross Section editor are the
ability to zoom in and zoom out, full plot, pan, overlay a grid onto the
cross section plot, and to undo all of the graphical editing. When the
Undo Edits option is selected, the cross section is automatically
returned to its original state before this particular editing session
began. However, once this editor is closed, or if the user selects a
different cross section from the editor, it is assumed that the user is
happy with the changes that were made and they are saved in
memory. The data is not saved to the hard disk, so it is still possible
to get the original data back if needed.

Bank Station Tools

Several tools have been added to make it convenient to change the
location of the main channel bank stations. These tools are in the
form of buttons across the top of the graphic window displaying the
currently opened cross section.

The first tool allows the user to move the left bank of the main channel
one point at a time to the left. Simply click this button to have the left
main channel bank station move one point to the left.
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LB+ The second tool allows the user to move the left bank of the
J main channel one point at a time to the right. Simply click this
button to have the left main channel bank station move one point to
the right.

=S| The third tool allows the user to move the main channel bank

stations to cross section points that are just above the
currently displayed water surface profile. The user can turn on any of
the previously computed water surface profiles to be displayed on the
plot. Once a water surface profile is displayed, and the user presses
this button, the main channel bank stations will be move to the first
two points that are above the water line on the plot. This option is
very useful if you would like to set the main channel bank stations to a
consistent stationing based on a particular flow event. For example, if
a water surface profile is computed for the 2-year flow event, the user
could then move all of the main channel bank stations just outside of
this flow profile.

3 & This tool is very similar to the previously described tool. It

does the same thing, only moving the main channel bank
stations inward to just above the water line (assuming the current
main channel bank stations are above the water line).

This tool allows the user to move the right bank of the main channel
one point at a time to the left. Simply click this button to have the
right main channel bank station move one point to the left.

re|  This tool allows the user to move the right bank of the main

channel one point at a time to the right. Simply click this button
to have the right main channel bank station move one point to the
right.

L}*' This tool allows the user to set the left or right bank of the

main channel to a stationing of one of the existing points in the
cross section. Once this button is pressed, the user can set the
stationing of the left and right bank of the main channel by simply
moving the mouse to the desired location and clicking the left mouse
button. The program assumes the left bank when the mouse is left of
the lowest point in the view area, and it assumes the right bank when
the mouse pointer is right of the lowest point in the view area.

{J_ This tool allows the user to move the station locations of
existing Manning’s n values. When this option is selected,
vertical lines will appear at all of the current Manning’s n value (or K-
value) break points. The user can move the mouse pointer over the n
value break locations at the top of the graphic, press and hold the left
mouse button down, and then move the n value break location to the

new desired location.

Persistent Scale

This option allows the user to set a persistent scale, in both the
vertical and horizontal, to be used when plotting any cross section.
When this option is checked, additional data fields will be displayed to
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the right of the option. The user has the option to set a left and right
stationing, or a maximum width for the X-axis. Likewise, a top and
bottom elevation, or a height can be set for the Y-axis. By setting a
persistent scale, as the user moves from one cross section to the next,
it is much easier to visualize how cross sections are changing from one
to the next.

Compare Geometry Files

This option allows the user to compare cross sections from two
different geometry files (one being the currently opened geometry
file). When this option is selected, additional data fields and buttons
will show up to the right of this option. The user first selects the
second geometry file to use for comparing to the currently opened
geometry file. Next the user selects the specific river, reach, and river
stationing to plot against the currently displayed cross section. The
second geometry, which will be displayed in pink on the graphic, is
only for visualization, as it cannot be modified by the graphical editor.

Merge Cross Sections

This option allows the user to merged data from one cross section into
another. This option works in conjunction with the Compare Geometry
Files option described above. To use this option, the user must first
turn on the compare geometry files option and select the desired
geometry file and cross section to compare to the current geometry
file and cross section. Next the user turns on the Merge Cross
Sections option. When this option is selected some additional data
fields will show up next to the Compare Geometry Files data fields.
Additionally two red vertical lines will show up on the plot, defaulted to
the main channel bank stations of the existing cross section. An
example of what the Graphical Cross Section editor will look like when
the two options are turned on is shown in the figure below.
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Figure 6-83. Graphical Cross Section Editor with Merge Cross Section Option.

As shown in the Figure above, the two red lines indicate the zone for
merging data. The merge data zone can be everything inside of the
two lines, or everything outside the two lines. The merge data zone
can be changed by either graphically grabbing one of the vertical lines
or moving it, or by entering a value in the appropriate fields under the
Merge XS data area at the upper right hand corner of the window.
Before the data is merged, the user may want to shift the comparison
cross section (shown in purple) left or right, and/or up and down, to
align the appropriate portion of the cross section with the appropriate
portion of the current cross section (shown in black). Shifting the
comparison cross section can be accomplished by entering a Shift X
and/or Shift Y value into the appropriate fields in the upper right
corner of the window. Additionally the cross section can be shifted by
holding down the Shift key and then pressing the arrow keys. The
amount of shift for each press of an arrow key can be controlled by
entering a value for the X and Y shift amount in the fields in the upper
right corner of the window. Once the merge zone has been set, and
the comparison cross section has been shifted appropriately, the user
can press either the button labeled Inside or Outside. If the button
labeled Inside is pressed, then the data for the current cross section,
inside of the merge zone (between the two red lines), is replaced with
the data from the comparison cross section. If the button labeled
Outside is pressed, then the data outside of the two red lines is
replaced (i.e. the data from the current cross section, outside of the
red lines, is replaced with the data from the comparison cross section.
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Channel Bank Stations

This tool allows the user to select a water surface profile from a
previous run, and then have the program move the main channel bank
stations to the station/elevation points closest to the edge of the water
surface.

Reverse Stationing Data

Cross section data should be entered into HEC-RAS from left to right
when looking downstream. This is the assumed direction for all of the
cross sections and other structure data. If you have data that has not
been entered from left to right while looking downstream, this editor
will allow you to reverse the data to the assumed direction. To bring
up this editor, select Reverse Station Data from the Tools menu of
the geometric data editor. When this option is selected a window wiill
appear as shown in Figure 6-84.

Select nodes to reverse stationing

—Selected Locations
Selected Locations (3 selected)

Mode Types. . I Beaver Creek  Kentwood 5.875
Beaver Creek  Kentwood 5. 76
River: IElea'u'er Creek ;I Beaver Creek  Kentwood 5.685%

Reach: IKEHtINnnd ;I

RS:  [(allRs)

5.99

5.875%

5.76

5.685% ]
5.61

5.525%

5.44

5.41 :l
5.4 BR

5.39

5.29

5.21%

5.13

5.065%

5.0

Clear Selected List QK Cancel

Figure 6-84. Reverse Cross Section Stationing Editor
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As shown in Figure 6-84, you first select the river and reach which
contains the data to be reversed. Then select the particular river
stations of the data that is not in the correct format (left to right
looking downstream). Add those locations to the box on the right side
of the editor, by pressing the arrow button in the middle of the editor.
Continue to do this until you have all of the cross section that you
want to reverse the stationing for. Finally, press the OK button and
the data will be reversed.

Cross Section Points Filter

This tool allows a user to filter out unnecessary points in cross
sections. With the use of GIS data, cross sections can contain many
more points than actually necessary to describe the terrain. HEC-RAS
has a limit of 500 points in any cross section. Because of this limit, it
is occasionally necessary to filter out points that are not needed. To
bring up this editor, select Cross Section Points Filter from the
Tools menu of the geometric data editor. When this option is selected
a window will appear as shown in Figure 6-85.

As shown in Figure 6-85, the editor allows the user to filter points on a
cross section by cross section basis, or for a range of cross sections at
one time (Multiple Locations option tab). To filter a single cross
section, the user selects the river, reach, and river station they want
to work on. Then press the button labeled Filter Points on Selected
XS to filter the points.
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Figure 6-85 Cross Section Points Filter Editor

The cross section points filter performs two different types of filtering
on each cross section. The first type is called a Near and Colinear
Points Filter, this method simply searches for points that are close
together. If two points are found to be within the horizontal and
vertical distance tolerance, then the second point is removed. The
second pass of this filter searches for points that are in a straight line,
or nearly in a straight line. This filter searches to find three
consecutive points that may be in a straight line. If a line is connected
between points one and three, and point two is less than a predefined
tolerance from that line (vertical filter tolerance based on a distance
perpendicular to the line), then the second point is a candidate to be
removed. A second check is done to ensure the slope of the line that
connects point one and two together, is not changing significantly
when point one and three are connected (minimum change in slope
tolerance). Options are available to only filter cross sections that have
more than 500 points, as well as to restore a cross section back to the
original points before filtering occurred.
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The second type of filter is called Minimize Area Change. To use
this filter press the Minimize Area Change tab below the graphic
window. When this tab is selected the user will be asked to enter the
number of points that they would like the new cross section to be
trimmed down to. After a number is entered, the user presses the
Filter Points on Selected XS button to perform the filtering. This
filtering method will drop out one point at a time until the cross section
is down to the user desired number of points. The decision process for
dropping a point is to find the point in the cross section that will cause
the area of the cross section to change the least.

Additionally, this editor allows the user to select multiple cross sections
and perform the filter operation on all of them at once. This is done
by first selecting the Multiple Locations tab. Then select the cross
sections that you would like to filter. Set the filter tolerances to any
desired values, and then press the Filter Points on Selected XS
button.
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Fixed Sediment Elevations

This option allows the user to fill in portions of cross sections with
sediment. The sediment is assumed to be at a constant elevation in
any particular cross section. To use this option select Fixed Sediment
Elevations from the Tools menu of the geometric data editor. When
this option is selected, a window will appear as shown in Figure 6-86.
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Figure 6-86. Fixed Sediment Elevation Editor

As shown in Figure 6-86, the user selects a particular river and reach
to work on, then a range of cross sections to apply the sediment fill to.
There are three options for having a sediment fill over a range of cross
sections. The first option is to enter a sediment elevation at an
upstream or downstream cross section then project the sediment fill
on a slope over the range of selected cross sections. The second
option is to set the upstream and downstream elevations, then allow
the program to use linear interpolation for the cross sections in
between. The final option is to set the sediment elevation individually
on a cross-section by cross-section basis.
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The lower left hand portion of the editor is used to set the sediment
values over a range of sections. The table on the lower right hand side
of the editor shows the actual values that are applied to each cross
section. The user can change any value in the table directly, or they
can highlight a section of values and use the four buttons above the
table to modify the values. These four buttons allow for adding a
constant; multiplying the values by a factor; setting all of them to a
specific value; or setting them to the cross section invert.

Pilot Channels

Pilot channels are an option that was added for unsteady flow
modeling. Occasionally, when modeling low flows (such as at the
beginning or end of a storm event), the program will go unstable. This
instability can occur for many reasons. The following is a list of some
of the main causes for instabilities at low flows:

1. At low flows the depths are very small. As the flood wave begins
to come into the reach, the depths change dramatically percentage
wise. Unsteady flow models use derivatives that are based on the
change in depth with respect to time and distance. If the depth
changes significantly during any time step, the derivatives can
become very large, and oscillations will occur. These oscillations
can grow to the point where the solution becomes unstable.

2. Also during low flows, it is much more likely that your river may be
flowing in a pool and riffle sequence. At the riffles, the flow may
be passing through critical depth and going supercritical. By
default, the unsteady flow solver in HEC-RAS cannot handle flows
going down to or passing through critical depth (unless the mixed
flow option is turned on). This again causes instabilities in the
solution, and may eventually cause the solution to go unstable.

Pilot channels are one of the available options to help prevent the
model from going unstable. A pilot channel cuts a rectangular notch
into the bottom of the cross section. Generally this notch is not very
wide (often 1 ft is used), but it provides depth to the cross section at
low flows (typically make it 5 to 10 feet deep). Additionally, the use of
a pilot channel can smooth-out irregularities in the channel bottom.
This also helps the stability of the model solution. The pilot channel
area and conveyance are barrowed from the lower portion of the main
channel, such that the total area and conveyance properties of the
cross section relate to the original cross section at higher flows. In
other words, when the depth of flow gets higher, the area and
conveyance of the pilot channel are ignored. To use the pilot channel
option, select Pilot Channel from the Tools menu of the geometric
data editor. When the pilot channel option is selected a window will
appear as shown in Figure 6-87.
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Figure 6-87. Pilot Channel Editor

As shown in Figure 6-87 the user selects a river, reach, and range of
river stations to apply the pilot channel too. On the lower left hand
side of the form are some utilities to enter the pilot channel
information. The user enters the pilot channel width (typically the
width should be narrow), and the Manning’s n value (should be equal
to or higher than the main channel n value). The user can either enter
an elevation for the invert of the pilot channel and project it on a slope
over the range of cross sections, or they can enter an upstream and a
downstream invert elevation and have the program use linear
interpolation for the cross sections in between. A list of the final pilot
channel values for each of the cross sections is shown in the table on
the lower right hand side of the editor. The user can modify the table
directly and change any value on a cross section-by-cross section
basis. The profile plot on the editor will display the invert elevation of
the pilot so you can compare it to the actual channel invert. Once you
have finished adding the pilot channel information, press the OK
button, and then save the geometric data.
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Ineffective Areas - Set to Permanent Mode

The default method for ineffective flows is that the area defined as
ineffective will contain water but have no conveyance (the velocity is
assumed to be zero). This remains true until the water surface
reaches a trigger elevation (an elevation set by the user, as to when
the ineffective flow area should become effective again). Once the
water surface is higher than the trigger elevation, the entire ineffective
flow area becomes effective. Water is assumed to be able to move
freely in that area based on the roughness, wetted perimeter and area
of each subsection.

Occasionally you may have a need to have these ineffective flow areas
remain ineffective permanently. The ineffective flow areas can be set
to the permanent mode individually from the cross section editor, or
through a table from the geometric data editor. To bring up the table,
select Set Ineffective Areas to Permanent Mode from the Tools
menu of the geometric data editor. When this option is selected a
window will appear as shown in Figure 6-88.
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Figure 6-88. Editor to Set Ineffective Flow Areas to Permanent

6-173



Chapter 6 Entering and Editing Geometric Data

The editor for this option allows the user to select the river, reach, and
river stations, of the cross sections in which you want to set the
ineffective flow areas to the permanent mode. Add those locations to
the box on the right side of the editor, by pressing the arrow button in
the middle of the editor. Continue to do this until you have all of the
cross section that you want. Finally, press the OK button and the data
will be reversed.

Ineffective Areas — Fix Overlapping

This tool will search through all of the cross sections and check to see
if the user has entered blocked ineffective areas that overlap each
other. The computational program does not like to have overlapping
ineffective flow areas so this must be rectified before the computations
can begin. This tool will find all the cross sections that have
overlapping ineffective flow areas and it will adjust the stationing of
the block with the lower elevation so it does not overlap the adjacent
ineffective area.

Ineffective Areas — Convert Multiple Blocks to Single “Normal”
Ineffective

This tool will convert cross sections with multiple blocked ineffective
flow areas to a cross section with the “Normal” ineffective flow areas
(just one left and one right ineffective flow area in the overbanks).

Manning’s n Set Channel to Single Value

This option allows the user to select a set of cross sections in which
the Manning’s n value will be set to a single value. This option will
change any cross section that has more than one n value inside of the
channel to a single value. The n value at the low point in the main
channel is what is used for the entire channel.

Vertical Datum Adjustment

These tools allows the user to adjust the elevation data of the entire
model or selected nodes (cross sections, bridges/culverts, structures,
etc...), storage areas, storage area connections, or pump stations
contained in the project. When this option is selected a submenu will
come up that allows the user to select to adjust the Entire Geometry
model with a single value; define a Table of locations and adjustment
values; or select various types of nodes (cross sections, bridges,
culverts, etc...) in the project. Once an option is selected a new
window will appear allowing the user to enter a factor(s) to multiply or
add to all of the elevations of the selected nodes.
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Reach Connectivity

This tool allows the user to view how reaches are connected together.
When working with a very large model with lots of reaches, it can
often be difficult to see how the reaches are connected, or if there is a
problem with a connection. This tool displays the connections in a text
table.

Reach Order for Computations

When this option is selected a window will pop up showing the order of
the reaches for computations (see Figure 6-89). The reaches are
listed from upstream to downstream order. For complex models the
reach order is very important. The HEC-RAS software will
automatically compute the order for computations. However, the user
can change the order if they do not like the order that the program
came up with. Warning: changing the computational order for
reaches can cause the computational programs not to work correctly.
Before changing the computational order, be sure you fully understand
what the steady flow and unsteady flow computational modules
require for computational orders.

= e B
o comsaoen e QU

[~ Use the User Specified Order for unsteady computations Defaults

i

Cut, Paste and Move to Complete List Move: ﬂ 1
Default Order | User Spedified Order

1| Audubon 1 17th Street 2

il |_2|Claiborne 2 17th Street 3
_3|ClaiTol7th 1 Wash-Orleans 1
4| 17th Street 3 ClaiTol7th 1
5| Claiborne 1 Audubon 1
6| Napolean 2 Washington 1
7| Mapoleon 1 Washington 2
_8|Wash-Orleans 1 Mapoleon 1
_9|Washington 2 Mapoleon 2
10|Washington 1 Claiborne 1
11| 17th Street 2 Claiborne 2

Figure 6-89. HEC-RAS Reach Computational Order Table

Reach Order — Find Loops

When this option is selected, the program will search through the
model schematic and find any loops in the system that will cause the
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backwater computations to fail. This can occur if the user puts in a
looped system that would continue to loop water.

Flow Roughness Factors

This option allows the user to adjust roughness coefficients with
changes in flow. This feature is very useful for calibrating an unsteady
flow model for flows that range from low to high. Roughness generally
decreases with increases flow and depth. This is especially true on
larger river systems. This feature allows the user to adjust the
roughness coefficients up or down in order to get a better match of
observed data. To use this option, select Flow Roughness Factors
from the Tools menu of the Geometric Data editor. When this option
is selected, a window will appear as shown in Figure 6-90.

As shown in Figure 6-90, the user first selects a river, reach, and a
range of cross sections to apply the factors to. Next a starting flow,
flow increment, and a number of increments is entered. Finally, a
roughness factor is entered into the table for each of the flows. The
user can create several sets of these factors to cover a range of
locations within the model. However, one set of factors cannot overlap
with another set of factors. Hence, you can only apply one set of
roughness change factors to any given cross section.
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Geometry - Roughness Change Factors L

Add | Copy | Delete| ﬂﬂ i

River: |I'~"Iississi|:u|:ui Riwv ﬂ
Reach: |L.I|:||:uer ﬂ
Upstream Riv Sta: 28.7 -
Downstream Riv Sta: 12 -
Auto-Generate Flow Column
Uniform Spacing ... | Exponentially Increasing ... |
| Flow | RoughnessFactor | =
1 0. 1.2
_2] 100000, 1.2
| _3| 200000. 1.1
4 300000, 1.
_ 3 400000, 0.8
_B] 500000, 0.7
7 200000, 0.7
_8] F0000a, 0.65
9 800000, 0.65
10] 900000, 0.65
11 1000000, 0.65
12 1100000, 0.65
13 1200000, 0.65 ﬂ
Import Calibration Factars ... Ok | Cancel |

Figure 6-90. Flow versus Roughness Change Factors Editor

Seasonal Roughness Change Factors. This option allows the user
to change roughness with time of year. This feature is most
commonly used on larger river systems, in which temperature changes
can cause changes in bed forms, which in turn causes changes in
roughness. This factor can be applied in conjunction with the flow
roughness change factors. When applying both, the seasonal
roughness factor gets applied last.

To use this option, select Seasonal Roughness Factors from the
Tools menu of the Geometric Data editor. When this option is
selected a window will appear as shown in Figure 6-91.

As shown in Figure 6-91, the user first selects a river, reach, and
range of river station to apply the factors to. Next the user enters the
day and month in the Day column, for each time that a new roughness
factor will be entered. By default the program will automatically list
the first of each month in this column. However, the user can change
the day to whatever they would like. The final step is to then enter
the roughness change factors.
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T —
Geometry - Seasonal Roughness Change Factors
— e —

—Roughness Factor Data
Set: |riv: Mississippi Riv rch:Lower rs:953.03 t0 922 |_v|

Add I Copy | Deletel ﬂﬂ

Riwver: |Mississippi Riv

Reach: |Lower

Upstream Riv Sta: 953.03 vI
Downstream Riv Sta: L HICKM "I

Day (ex 15MAY) | Roughness Factor || =
01JAN 1.15
01FEE 1.15
O1MAR. 1.1
O1APE. 1.1
O1MAY 1.05
01IUN 1
01IuL 0.95
01alG 0.95
015EP 1
010CT 1.05
O1MOY
01DEC

Figure 6-91. Seasonal Roughness Factors Editor
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Geometric Data Options

A few new options have been added to the HEC-RAS Geometric Data
editor. To select one of the options go to the Options menu at the
top of the Geometric Data Editor, and select the desired option. The
following is a list of the currently available options:

Main Channel Manning’s n Value Compositing

When this option is selected, the following window will appear on the
screen:

Main Channel Manning's n Value Compositing s
e — _—

* Composite Main Channel Manning's n Values

Compositing Slope Criteria |5 H: LW

" Do not Composite Main Channel Manning's n Values

oK |

Figure 6-92. Main Channel Manning’s n Value Compositing Editor

This editor allows the user to control how HEC-RAS will composite
Manning’s n values for the main channel only. The default option is
the top option. This option will composite all of the main channel
manning’s n values into a single n value, as long as the side slopes of
the main channel are greater than 5H:1V. The user has the option to
change this slope criterion. The second option is to tell HEC-RAS to
not composite Manning’s n values for any of the cross sections in the
model. For more details on Manning’s n value compositing for the
main channel, see the Hydraulic reference manual.

Hydrologic Unsteady Routing

This option allows the user to define portions of a model to be routed
with a hydrologic routing technique instead of using the full unsteady
flow equations. The software will simultaneously solve the unsteady
flow equations and the hydrologic routing reaches each time step.
This option is very useful when encountering portions of the model
that are very steep and full unsteady flow routing is either unstable or
not possible at all. Currently the only hydrologic routing method
available is Modified Puls routing. This option only works as part of an
unsteady flow model, and is ignored when using a geometry file in
steady flow mode.

To use the hydrologic routing option, go to the Options menu at the
top of the Geometric Editor and select the option called Hydrologic
Unsteady Routing. When this option is selected the following
window will appear.
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Modified Pl.llSH}‘drﬂl gic Routing (Unstes -m
[+ Use Meodified Puls Routing Add Region ... | Edit Region ... Delete Reqion ...

[ Tail Water Check @

River Reach RS Up RS On RC's Imported

—

Import Rating Curves for Selected Regions
Steady Flow Output Plan: |Steady Flow Mo Dam (SteadyMoDam) ;I 13 profiles

Bald Eagle Loc Hav 1381544 |47453.14 116 RC's

Plat ... | oK | Cancel

Figure 6-93. Hydrologic Unsteady Flow Routing Editor

To use the Modified Puls routing option, the user must first create a
steady flow plan with the exact same geometry file. The purpose of
the steady flow plan is to compute a range of water surface profiles
from very low to the highest expected flow rate. The results from the
steady flow run are used within the hydrologic routing reaches in order
to provide the necessary discharge-volume relationships required by
Modified Puls routing. As shown in Figure 6-93, a Steady Flow Output
Plan must be selected at the bottom of the editor, which will be used
for importing the computed rating curves. Based on the computed
rating curves from the steady flow run, and the known distances
between cross sections, the program can compute a volume for any
flow rate on the fly, in order to solve the Modified Puls equations.

Users can establish hydrologic routing reaches almost anywhere in the
model. A hydrologic routing reach must be at least two cross sections
long. A hydrologic routing reach can be an upstream piece,
downstream piece, or an intermediate piece of any existing HEC-RAS
unsteady flow river reach. A hydrologic routing reach can also
encompass an entire HEC-RAS river reach. Hydrologic routing reaches
can contain bridges/culverts and lateral structures, but it cannot
contain an inline structure. If you have an inline structure within a
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reach that you want to perform hydrologic routing, you must stop the
hydrologic routing reach at least two cross sections upstream of the
structure, and you can start a new routing reach downstream of the
structure. The hydraulics of bridges and culverts will be incorporated
into the routing through the resulting steady flow water surface
profiles. Flow over lateral structures are computed each time step as
they would normally be for unsteady flow routing.

To establish a piece of a model as a hydrologic routing reach, select
the Add Region button. When this button is pressed, a window will
appear in which you can select a river, reach, and a range of cross
sections (upstream and downstream end of the reach) to establish as
a hydrologic routing reach. Multiple hydrologic routing reaches can be
set within the same model. There is also a button to edit the limits of
an existing reach, and a button to delete reaches.

Two check boxes exist at the top of the window. The first check box is
labeled Use Modified Puls Routing. If this box is not checked, the
modified puls routing option will be ignored, and HEC-RAS will perform
full unsteady flow routing at all of the cross sections. When this box is
checked, any hydrologic routing reaches listed in the table will be
modeled with the Modified Puls routing method. The second check box
is labeled Tailwater Check. When this option is turned on, the
downstream interface of any hydrologic routing reach will be
monitored to see if the next cross section downstream has a higher
computed water surface than the last section of the hydrologic routing
reach. If the downstream water surface (tailwater) is higher than the
last cross sections water surface of the hydrologic routing reach, then
that water surface is forced into the downstream portion of the
hydrologic routing reach. This allows for downstream conditions to
influence the water surface, volume, and flow rate in the hydrologic
routing reach.

The last step required to use the hydrologic routing reach is to import
computed rating curves from a previously run steady flow model that
used the exact same geometry file. This is accomplished by selecting
the steady flow output plan and then pressing the Import Rating
Curves (RC’s) from Steady Flow Output button. There is also an
option to plot the rating curves at the bottom of the editor, in order to
visually inspect them. In general, users should set up a steady flow
model with many water surface profiles (at least 20) in order to get
good definition in the flow versus elevation points of the rating curves.
Flows should range from lower than expected to route, to higher than
expected to route within the unsteady flow model.

Georeferencing an HEC-RAS Model

Georeferencing is the process by which real-world coordinates are
assigned to an HEC-RAS model to reference it to other data. An HEC-
RAS model that shares a common coordinate system with GIS layers
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allows the developer of the model to visualize limits of the defined
study area using background data.

The use of aerial photographs, for example, can be extremely
beneficial for identifying the location of a landform such as levee or
road or structures such as bridges and weirs while showing the user
it’s representation in the hydraulic model. Therefore, background data
is quite useful for model development. HEC-RAS results may also be
quickly visualized using automated GIS procedures using tools such as
HEC-RAS Mapper and HEC-GeoRAS. Additionally, floodplain maps may
also be developed if the HEC-RAS model is georeferenced.

HEC-RAS allows the user to have a stream system schematic, and
hydraulic elements, that is drawn spatially correct. This requires that
the stream centerlines, cross sections, storage areas, and 2D Flow
Areas have GIS coordinate information in order to draw them in a
georeferenced framework. Generally, GIS coordinate information can
be imported into the geometric editor from the HEC-GeoRAS program.
However, HEC-RAS also has editors and tools for allowing the user to
enter and manipulate GIS coordinate information directly in HEC-RAS.
The following is a list of the GIS tools available from the GIS Tools
menu at the top of the Geometric Data editor.

GIS Tools in HEC-RAS

GIS tools in HEC-RAS are provided on the Geometric Data editor on
the GIS Tools menu shown in Figure 6-94. The GIS Tools provide
capabilities for editing and modifying x and y coordinates associated
with the river network, cross sections, and other features in HEC-RAS.
These GIS coordinate data can be edited directly through the different
table options or computed based on the data available. The GIS Tools
also provide visual displays of the data that can be exported to the GIS
for processing.
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GIS Tools | Help

Reach Invert Lines Table ...

X5 Cut Lines Table ...

Storage Area/2D Flow Area Outlines Table ..

Storage Area/20 Flow Area Outlines Filter (multiple) ...
Storage Area/2D Flow Area Connection Lines Table ...
Storage Area/2D Flow Area Connection Centerline Table ...
20 Flow Area boundary conditions lines ..

GIS Levee Lines Table ...

GIS Ineffective Area Lines Table...

Strearn Mode (River Staticning) Table ...

GIS Cut Lines k
v Scale Cut Lines to Reach Lines ...

(IS Coordinate Operations r

Plot GIS Profile Reach Bounds ...
Limit GIS Bounds to Bridge Openings
Plot GIS Reach Bounds from File ...
Make GIS Ticks ...

— T =2

Figure 6-94. GIS Tools Menu Options

Tables

The x and y position that establish the location of the river reaches,
cross-sectional cut lines, storage area outlines, storage area
connections, levee lines, and ineffective areas are available through
Tables from the GIS Tools menu. These tables identify the object and
provide simple spreadsheet operations including cut, copy, and paste.
This allows you easy access to geo-reference an individual object, such
as a cross section cut line. The following is a list of the available
tables from the GIS Tools menu:

Reach Invert Lines Table: This option allows the user to numerically
edit the coordinates of the river reach schematic lines. When the river
system schematic is hand drawn on the screen, the coordinates of the
river reach lines are put into a simple coordinate system that ranges
from 0.0 to 1.0 in both the X and Y direction. However, the user has
the option of taking real world coordinates (such as UTM or State Plane
coordinates) off of a map and entering them into this table. If the
user decides to use real world coordinates, real world coordinates must
be added for all of the reaches of the schematic. If this is not done,
the schematic will still be displayed in the simple 0.0 to 1.0 coordinate
system (the hand drawn coordinates). Once real world coordinates
have been entered for all of the river reaches, then the schematic will
be drawn in that coordinate system. To enter/edit the reach
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schematic lines, select the Reach Invert Lines Table option from the
GIS Tools menu. Once this option is selected, a window will appear
allowing the user to enter/edit the coordinates of any of the reaches
defined in the schematic (Figure 6-95).

Edit reach lines for plan view on schematic plot

River: CL.I'I'bE‘LEH"Id Rn.rer J J J Compute Line Length ... | Filter Line ... |
Reach: |Cumberland River J Set number of rows in table | Reverse Order |

Selected Area Edit Options
Add Constant ...

| Multiply Factor ... | Set Values ... | Replace ... |

Schematic X | Schematic ¥

WO GO | s [ L | e | R | P |

2244541.0819507
2244541.0819507
2244669, 7240432
2244669, 7240432
2244783.96260432
2245212, 3574174
2245687.8714891
2246383.3031197
2247011.6154475
2247297, 2119506

5190870, 1608279
5191869, 7480222
5193526.20835962
5194597, 1540985
5195925.2191038
5197210.4034112
51958324.22958119
5198981.1017923
5199666.533421

5200294.8457491

Cancel

Figure 6-95. GIS coordinates for River/Reach lines

-
Help |

XS Cut Lines Table: This option allows the user to numerically edit
the coordinates of the cross section schematic lines. When the river
system is hand drawn on the screen, the default coordinate system is
a simple 0.0 to 1.0 range for both the X and Y direction. However, the
user can add spatially references map layers into the HEC-RAS
Geometry editor, to be used as background map layers. If the user
adds spatially referenced background map layers, then the coordinate
system used will be based on the background maps. As cross sections
are entered, they are automatically scaled based on the coordinates of
the river reach line and the main channel distance between cross
sections. Each cross section is drawn as a straight line perpendicular
to the river reach schematic line. The user has the option of entering
the real world coordinates (UTM or State Plane) of the cross section
schematic lines. Each cross section schematic line must have at least
two points, a start and an end, but additional points can be added if
the cross section was taken as a multi segmented line. In order for
the cross section schematic lines to be plotted in the real world
coordinate system, the user must enter real world coordinates for all
of the cross sections in the reach. To enter/edit the cross section
schematic lines, select the XS Cut Lines Table option from the GIS
Tools menu. Once this option is selected, a window will appear
allowing the user to enter/edit the coordinates of any of the cross
section schematic lines. User’s can also use the Measuring Tool
feature built into HEC-RAS to digitize the appropriate locations of a
cross section. The measure tool is accessed by holding down the
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Cntrl Key and using the mouse to lay out a line. Once the line is
ended, statistics about the line are shown on the screen and the X and
Y coordinates of that line are sent to the Windows clipboard. The user
can then paste them into the Cross Section Cut Line table if desired.

Storage Area/2D Flow Area Outlines Table: This option allows
the user to enter/edit the X and Y coordinates that define the outline
of a storage area or a 2D Flow Area. If you are using GIS data, these
coordinates may be in the UTM or State Plane coordinate system. If
you are not using GIS data, the coordinate system for the storage
areas will just be in a O to 1.0 system. The coordinates of a storage
area can also be edited graphically by using the Move Object option
from the edit menu.

Storage Area/2D Flow Area Outlines Filter (multiple): This
option allows the user to select multiple storage areas and/or 2D Flow
Areas, for filtering the number of points in the polygon that describes
the storage area or 2D Flow Area. Once the user selects the storage
areas and 2D Flow Areas to be filtered, they will be prompted for a
point filter tolerance (default is 0.1). This tolerance is a collinear point
filtering tolerance. The software puts a line between points 1 and 3,
then if point 2 is a distance less that the tolerance away from that line,
then it assumes that point two is not needed (i.e. the three points are
basically on a straight line), so point to is dropped from the polygon
perimeter.

Storage Area/2D Flow Area Connection Lines: This option allows
the user to edit/enter coordinates for the line used to show a
connection between two storage areas, a storage area and a 2D Flow
Area, and between a storage area and a river reach. These lines can
also be edited graphically by using the Move Object option from the
Edit menu.

Storage Area/2D Flow Area Connection Centerline Table: This
option is used to define the coordinates of the hydraulic structure that
is being used to connect two storage areas, or a storage area to a 2D
Flow Area, or two 2D Flow Areas. The connection should be drawn
from left to right looking in what the user considers to be the positive
flow direction. This line will be drawn on the river system schematic,
and will represent the hydraulic structure being used to connect two
areas.

2D Flow Area Boundary Condition Lines: This option will show the
coordinates of any 2D Flow Area external Boundary Condition lines.

GIS Levee Lines Table: This option allows the user to edit/enter the
coordinates for a user specified levee. Levees can be defined in the
GIS system and imported into HEC-RAS. The coordinates will consist
of X, Y, and Z (elevation).

GIS Ineffective Flow Area Table: This option allows the user to
edit/enter the coordinates for a user specified ineffective flow areas.
Ineffective flow areas can be defined in the GIS system and imported
into HEC-RAS. The coordinates will consist of X, Y, and Z (trigger
elevation for when it will be turned off).
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GIS Cut Lines

The GIS Cut Lines menu item provides useful tools for quickly
computing geospatial information for cross sections. The tools allow to
georeference cross sections and to adjust the geospatial length of the
cross section to match the width specified by the cross-section’s
station-elevation data.

Accept Displayed Locations (as Georeferenced). This tool allows
the user set the GIS cut line x and y positions to the coordinates
displayed in the Geometric data editor. You can do this for several
cross sections at a time using this menu option, or you can do this one
cross section at a time by using the left mouse button to click on a
specific cross section.

Remove Georeferenced Cut Line Data: This option allows user’s to
select cross sections and then request that all the georeferenced
coordinates for those cross sections be removed, and the cross section
go back to being laid out as straight lines along the stream centerline.
The location of the cross sections will be based on their river stationing
and reach lengths between the cross sections.

Adjust Cut Line Lengths to Match XS Lengths. You can adjust the
length of the cut line to match the width defined by the cross section’s
station-elevation data. This tool will invoke the table (see Error!
Reference source not found.-88) showing the river station, cut line
length, cross section length, and ratio of cut line length to cross
section length. You then specify how you would like to adjust the cut
line: whether RAS should adjust the left side, right side, or both sides
the line equally to make the cut line length equal to the cross section
length.

Once you have decided which side to extend or trim, you then choose
to adjust the cut line lengths or cross section lengths using the
provided buttons.

Adjust the GIS Cut Line Lengths

River: Set Selected Range .. Adjust Cut Lengths |

Reach: |L-:uwer Adjust Crozz Section Lengths |

Thiz editor adjuzstz the length of GIS cut lines to match the lenath of . The length

modification can be applied to the eft L], ight [R], or both [B] 2 of Lt line.

River Sta Cut Length %5 Length F atio Extend [L/R/E] -
1| 47694.06 182734 227159 0.80 ]
2| 47556.05 232943
2l 4778 m 230 4

Figure 6-96. Dialog for adjusting cross section and cut line lengths

Extend Cut Lines and Sta/Elev. The menu option to extend the cut
line and station elevation data allows you to extend both the cut line
and cross section in the left bank or right bank. This is used to extend
the cross section to improve floodplain mapping and should only be
used once the cross section has reached high ground. The dialog use
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for extending a cross section is shown in Error! Reference source
not found.-97.

Extend X5 and Cut Lines to the Left

Eiten |Ba:<tel j ﬂ % E [v Edit Interpolated %5's
Reach: |L0wer j
Selected Area Edit Options
Add Conztant | Multiply Factar | SetWalues . | Replace ... |
River Station Amount bo Extend -
1| 47694 06 260
2| 47556.05 b s
3| 4735601

Figure 6-97. Dialog for extending a cut line.

Project XS to Straight Cut Line. This is an option to straighten a
cross section based on its first and last point in the XS Cut Line. This
option adjusts the Cut Line and the internal station/elevation data to
match the new length of the line.

Reverse Cut Lines. This option will reverse the order of the
horizontal coordinates of the cross section cut line. Cross sections
must be laid out from left to right looking downstream. You can ask
HEC-RAS to show you the direction a cross section line was laid out. If
the cross section cut line is not laid out from left to right (but the
station/elevation data are), you can reverse the cross section cut line
with this option. If you need to reverse the order of the cross section
cut line and the station/elevation data, there is a separate tool to do
that under the Tools menu of the Geometric Data editor.

Scale Cut Lines to Reach Lines

As discussed previously, the cross sections may look georeferenced,
but they actually may not be. Cross sections that do not have
geospatial information are drawn perpendicular to the stream
centerline and the spacing is based on the downstream reach lengths.

By default, the Geometric Schematic scales the display of the cross
sections based on the river network. This is handy when the data is
not georeferenced (when the river schematic is very short when
compared with real world distance), but we want to turn this option off
when we georeference the cross sections. Select the GIS Tools |
Scale Cut Lines to Reach Lines menu item to turn it on or off, the
default is on.

GIS Coordinate Operations

The GIS Coordinate Operations allow you to switch the x an y
coordinates; add and multiply the coordinates by a factor; and to filter
points in the GIS lines for a few of the objects in HEC-RAS: reaches,
cross sections, and storage areas/2D Flow Areas. These tools are
useful if you accidentally imported the northing and easting data
incorrectly.
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Other tools allow you to add and multiple the coordinate values. This
is convenient for performing simple coordinate transformations or for
removing a false northing or easting. Coordinate manipulation options
are shown in Figure 6-98.

Reaches - Swap X and ¥ Coordinates ...
Reaches - Add and Multiply Coordinates ...

Reaches - Filter Coordinates ...

Cut Lines - Swap X and ¥ Coordinates ...
Cut Lines - Add and Multiply Coordinates ...

Cut Lines - Filter Coordinates ...

Storage Areas - Swap X and ¥ Coordinates ...
Storage Areas - Add and Multiply Coordinates ...

Storage Areas - Filter Coordinates ...

Figure 6-98. Coordinate manipulation menu options.

Plot GIS Profile Reach Bounds

If you intend to perform a floodplain delineation based on the
computed HEC-RAS results, you will need to verify what RAS thinks
are the limits of the model. You can plot this information using the
Plot GIS Profile Reach Bounds menu option for each water surface
profile. After selecting this option you will need to choose the
profile(s) to plot and river reach(es). The bounds will be plotted in
magenta (by default) as illustrated in Figure 6-99.

The GIS Profile Reach Bounds is also referred to as the Bounding
Polygon. This data will be used in the GIS to keep the floodplain
delineation to occur only over the limits of the hydraulic model.

4477579
e 4444 40

Figure 6-99. GIS bounding polygon information limits floodplain delineation to the area
modeled in HEC-RAS
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Limit GIS Bounds to Bridge Openings. This option will limit the
GIS bounding polygon to the inside of a Bridge opening at all bridge
locations.

Example of Georeferencing an HEC-RAS Model

In this example the Baxter River dataset will be used demonstrate how
to georeference an HEC-RAS model. Specifically, the River Network,
Cross Sections, Storage Areas, and Storage Area connections, shown
in Error! Reference source not found.100, will be georeferenced
using methods in HEC-RAS and using the GIS.

1088167
<3 ongn 186
SR
J 324 745
)

Il
i 9082.3734815.68
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e 25 AT

63293.80

13104 44
2471.388
6761.226
4387.074

Figure 6-100. A non-georeferenced model schematic.

To successfully georeference a RAS model, you decide on a coordinate
system and have at least one background dataset that has been
projected to that coordinate system. A digital raster graphic (DRG) of
a topographic quad sheet, an aerial photograph, or a digital terrain
model (DTM) may be available for reference.

Once the coordinate system has been defined and a background
dataset acquired, you should establish the stream centerline first.
Georeferencing the river network will assist you in spatially locating
the cross sections.

Establish the River Network

The river network may be created in either the GIS using HEC-GeoRAS
or created directly in HEC-RAS; however, you will not have access to
production level digitizing tools in HEC-RAS so this option is limited to
very simply river networks.
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Creating the River Network using HEC-GeoRAS

Open ArcMap and load the 3D Analyst and Spatial Analyst Extensions.
Turn on the HEC-GeoRAS toolbar and Save the ArcMap document.

Set the Coordinate System for the data frame (map) and load the
background data (image, DTM, etc). The GeoRAS tools for
establishing the Stream Centerline topology require that you load a
terrain model.

The Stream Centerline is used to establish the river reach network and
is shown in Error! Reference source not found.6-101. The river
network must be digitized in the direction of flow with reach end points
coincident at junctions.

Tributary

Baxter River

Upper Reach

Figure 6-101. River network for the Baxter River example dataset.

Digitize the stream centerlines for the river reaches shown. From the
GeoRAS toolbar, select the RAS Geometry | Create Layer | Stream
Centerline menu item.

Start editing the feature class by selecting the Editor | Start Editing
menu item. The stream centerline must be created in the direction of
flow, so start at the top end of the river and zoom in so that the
channel is easily identified.

Select “Create New Feature” for the Task and “River” for the Target
feature class. Select the Sketch tool and begin digitizing the line in
the downstream direction. (Left-click drops a vertex.) Continue
digitizing the line until you reach the junction. If you need to pan,
simply select the Pan tool, pan through the map, and re-select the
Sketch tool to continue digitizing. To finish the reach line at the
junction, double-click to drop the endpoint.
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Digitize each river reach, individually. There are three river reaches in
total, with one junction at the confluence of Tule Creek. You will
create the junction after creating all the reaches.

Creating a Junction. To create a junction, the endpoints of each
reach must be coincident. While in Edit mode, select “Modify
Features” for the Task. Next set the snapping tolerance, by selecting
the Editor | Options menu item. On the General tab, set the
Snapping Tolerance to “10” map units.

Next select the Editor | Snapping menu item. Click on snapping to
the End points for the River layer, as shown Error! Reference
source not found. 6-102.

Layer Vertex Edage End
¥SCutlines O O O
River [l [l

Figure 6-102. Select the option for snapping at end points

Next, select the Edit tool and grab the endpoint of a river reach line by
pressing and holding the left mouse button. Move it towards another
reach endpoint. When the point is within the snapping tolerance, a
sketch of the endpoint will appear and snap to the endpoint. Release
the mouse button and the endpoint will snap. The progression of
steps to snap endpoints in illustrated in Error! Reference source not
found. 6-104.

/ [ /

T D I e N E— N

Figure 6-103. Progression for creating a junction using snapping.

Repeat the snapping process for the other reach. Verify that the reach
network has been created in the downstream direction by changing the
line symbol to include and arrow at the end of the line. In a later step,
you will use the GeoRAS tools to double-check the connectivity.

River and Reach Names. Each river must have a unique river name,
and each reach within a river must have a unique reach name. Use

the o< (River Reach ID) tool to give each river reach a name.

Click on the River Reach ID tool to make it active. Use the cursor to
select each river reach. The River and Reach Name dialog (shown in
Error! Reference source not found. 6-104) will appear allowing you
to enter the river and reach name. For this example, the Baxter
River has an Upper Reach and a Lower Reach and Tule Creek is a
Tributary.
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Assign River and Reach Names E|

River |Ba:-:ter River ﬂ
Reach |L||:uper Reach
oK | Help | Cancel ‘

Figure 6-104. River and Reach name assignment dialog.

After labeling each River reach, look at the attributes for the River
layer and verify that the River and Reach information was provided for
each reach. To open the attribure table, right-click on the River layer
and select the Open Attribute Table menu item.

Network Connectivity. To verify the river reach connectivity, select
the RAS Geometry | Stream Centerline Attributes | Topology
menu item. The fields FromNode and ToNode will be populated with
integer data. Verify that the endpoints at the junction all share a
common node number. The complete attribute table for the River
layer is shown in Error! Reference source not found. 6-105.

B Attributes of RiverMetwork

| River | Reach FromNode | Tolode ArcLength From 5ta ToS5ta |
¥ | Baxter River Upper Reach 1 2 41221.3 431571 85378.4
J Baxter River Lower Reach 2 3 431571 0 431571
J Tule Creek Tributary 4 2 12551.5 0 12551.5

Figure 6-105. Completed Stream Centerline attribute table.

Lastly, run the RAS Geometry | Stream Centerline Attributes |
Lengths/Stations menu item. This computes the length of each
reach for determining the cross-section river stationing. The FromSta
and ToSta fields will be populated with the FromSta being the
downstream endpoint of the reach. The FromSta and ToSta data are
“backwards” from the FromNode and ToNode because the actual river
stationing is calculated from downstream to upstream!

Export the data by selecting the RAS Geometry | Extract GIS Data
menu item. The dialog shown in Error! Reference source not
found. 6-106 will be invoked allowing you to choose the destination
directory and filename.

Export GIS Data

File Mame |HGEDH.¢.S"sGenreferencing'\GlS'\EISEHAS g

(1] 4 | Help | Eancel|

Figure 6-106. Filename and location for GIS export.
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After pressing OK, GeoRAS will export the GIS data to an XML file and
then convert the XML file to the SDF format. Two files will be created:
“GIS2RAS.xmI” and “GIS2RAS.RASImport.sdf’. This process will take
several seconds. The dialog shown in Error! Reference source not

found. 6-107 will appear when the process is has successfully created
the files. You now have a file you can import into your RAS model.

Export GIS Data

(IS data for RAS exported successfully!

Figure 6-107. Successful GIS data export dialog

Creating the River Network using HEC-RAS

If you don’t have access to GIS tools or your river network is very
simple, creating the river network in HEC-RAS is an option. To get
started, open the RAS project that needs to be georeferenced.

Open the Geometric Data editor and create a New Geometry File. Add

the background data by clicking on the Add Background Data @
button. If the image does not come in correctly, select the View | Set
Schematic Plot Extents menu item and press the Set to Computed
Extents button in the Geometry Extents window shown in Error!
Reference source not found. 6-108. This will zoom out the bounds
of the image.

i it

Geometry Extents

Computed Data Extents:
LeftExtent:  |5386768.00 ©386763.40
Right Extent: |6458580,00 6454867.63
Top Extent: lm 2055837.45

Bottom Extent: [2027243.00 202904252

Set to Current View | Set to Computed Extents |

Cancel |

L A

Figure 6-108. Dialog for setting the display extents in HEC-RAS.

Press the OK button to use the new extent coordinates and to dismiss
the window.

Select the River Reach creation tool and digitize the Baxter River.
You will want to be zoomed in to a reasonable scale. Digitize the
centerline of the river in the downstream direction. You can pan by
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right clicking. This will pan the display window so that the mouse is
centered.

After double clicking to end the river the dialog shown in Error!
Reference source not found. 6-109 will be invoked to provide you a
place to enter the River and Reach name.

River: |Ea:-:ter River j

Reach: |L||:||:|er Reach

k., Cancel |

Figure 6-109. River and reach name data entry dialog.

Create the Tule Creek Tributary. Make sure to end the line on the
Baxter River at the confluence. You will then be asked if you would
like to split the Baxter River. Select Yes and provide a reach name for
the Lower Reach of the Baxter River. Next, provide a junction name.

Save the geometry. You will now have an HEC-RAS geometry that
has a georeferenced River Network like that in Error! Reference
source not found. 6-110. This can be imported into an existing RAS
geometry.

Tributary

Figure 6-110. A georeferenced river network in HEC-RAS.

Importing the Stream Centerline

Once you have an import file created using GeoRAS or a geometry file
created in RAS with a georeferenced stream centerline, you can import
the stream centerline from either the GeoRAS export file or the RAS

6-194



Chapter 6 Entering and Editing Geometric Data

mport Options

geometry file. The RAS Geometric Data importer works the same for
either file.

Open HEC-RAS and load the non-georeferenced geometry shown in
Error! Reference source not found. 6-111. Save the geometry to a
new geometry so that if anything goes wrong you won'’t destroy your
existing model data.

Q;f: g ributary

Figure 6-111. A non-georeferenced appears as a stick diagram in HEC-RAS.

Select the File | Import Geometry Data | GIS Import menu item.
Select the RASImport.sdf file to import created using GeoRAS. (If
you created the centerline in a RAS geometry file, select File | Import
Geometry Data | HEC-RAS Format instead and choose the
geometry file.)

HEC-RAS may display a warning or error message because it is
expecting cross section data and the file only has the river network
information. Continue through the error message.

Click on the River Reach Stream Lines tab. Note that the importer,
as shown in Error! Reference source not found. 6-112, thinks that
the river reaches are all “new”.

Intra  River Reach Stream Lines ] Cross Sections and B MNades | ]

The river reac

stream lines

fownd it T generat ile reading it are i nit o import,

and maodify the import name and way existing stream lin erged. [& rahge of r d with the
space bar)
Irmpart File Impaort File Ineert | Import Az Impaort Az Import | Impart Merge Mode
River Reach HPoints | River Reach Statuz | Stream Lines
1| Baster River Upper Reach | 2583 |Ba:¢[erHiv3j Upper Reach | new 7 Fieplace
2| Baster River Lower Reach |5798 | baster Hiver Lower Reach | new v Replace
3| Tule Creek Tributary 1907 | Tule Creek Tributary nEw v Fieplace

Figure 6-112. The HEC-RAS geometry importer looks to match the names in the import
file with names in the RAS geometry file.

HEC-RAS thinks that the river reaches are new because the names in
the import file do not match those that are in the existing RAS model.
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Select the appropriate names to import the river and reaches to by
using the list boxes in the Import As columns. When completed, the
Import Status will change to “exists”, as shown in Error!
Reference source not found. 6-113.

Import Options

Intra  River Reach Stream Lines ] Crass Sectians and IB Mades | |

ed with the
space bar)
Irmpaort File Irmpaort File Inveert | Import Az Import Az Import | Impart Merge Mode
River Feach HPaints | River Reach Statuz [ Stream Linez
1| Bauter Fiver | Upper Feach | 2589 j Upper Exists [ Feplace
2| Baster River Lower Beach |5798 | daster L ouwer exizts 7 Fieplace
3| Tule Creek Tributary 1907 [Tule Tributary exists v Replace

Figure 6-113. When river and reach names in the import file and geometry file match, the
import status is "exists".

You are now ready to import the stream centerlines. Press the
Finished-Import Data button. The stream centerline will import,
replacing the existing river network. The HEC-RAS model will no
longer look like a stick diagram, but will look georeferenced with a
river network like that in Error! Reference source not found. 6-114.

Tributary

P B

Figure 6-114. An HEC-RAS model with a georeferenced river network.

The cross sections look like they could be georeferenced, but they are
not. They are actually drawn perpendicular to stream centerline and
are spaced based on the channel downstream reach lengths. You can
verify that the cross sections are not georeferenced by looking at the
Cut Lines table. Select the GIS Tools | XS Cut Lines Table menu
option. In the river station list box there is a label of “NO DATAI!”
after each river station (see Error! Reference source not found. 6-
115).
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Edit Cross Section lines for plan view on schematic plot

Riwer:

Filter Line ..

1

Replace .. |

Reach: | Upper

Selected Area Edit Dptions
Add Constant .. Fultiply Factaor ...

Schematic | Schematic -

ml
el

Figure 6-115. Cross sections without cut line information display "NO DATA!!" in the river
station list.

Note that the storage areas are also not georeferenced. We will
complete the remainder of the georeferencing within the HEC-RAS
Geometric Data editor.

Storage Areas and Connections

Load the background image using the Add Background Data button
and turn it on. Let’s georeference the storage areas first.

Zoom into the area around the storage area on the north side of the

river. Use the line creation tool available in RAS to create the outline
of where the storage area should be. The line creation tool becomes
active in any display in RAS when you press the Ctrl key.

Press the Ctrl key, while depressed, left-mouse click around the
area that the storage area represents. When the polygon is completed,
release the Ctrl key. The dialog shown in Error! Reference source
not found. 6-116 will be displayed summarizing some of the line
information and the x and y coordinates will be copied to the clipboard.
Press the OK button to continue.

RAS X

Line Length = 15798.11
(The palyline was copied to dipboard)

Polyline extents:
dx = 4970.75
dy = 4108.48
dyfdx = 0.82653

Figure 6-116. Summary dialog from the line creation tool.

Now you need to paste the spatial information into the storage area
table. Select the GIS Tools | Storage Area Outlines Table. The
table shown in Error! Reference source not found. 6-117 will open
with the previous outline information.
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Storage Area/2D Flow Area Outlines

o (] b B Fter e .|

Selected Area Edit Options

Add Constant ... | Multiply Factor ... | Replace ... |

Schematic 7 j

Set Values ... |

Schematic ¥ |
2045925.8146822
2047592, 1129065
2047096.4959987
2048 380.8089326
2048890.9710095

Schematic X |
1|6402893.517147
2|6400936.6845734
3| 6400030.9022439
4| 6400295.800341
5
6

6401449, 3920193
6402688, 4342886

2049318.2269544 |
oK

Cancel
S

Figure 6-117. Storage area outline information.

Select the entire table by clicking in the upper left hand corner of the
table, as shown in Error! Reference source not found. 6-118, and
paste the information using the Ctrl+V paste command. The
coordinates of the line you create will replace the previous data. Press
OK to accept the changes.

-

Storage Area/2D Flow Area Outlines

ﬂ MQ Filter Line ... |

SA; |N|::rﬂ'|side

Selected Area Edit Options

Add Constant ... Multiply Factor ... | Set Values ... | Replace ... |

| Schematic X | Schematic ¥ |

0402393, 517147

2045925.8146522

1
2
3
4
3
B

6400936.6843 734
6400030.9022489
6400295.800941

6401449, 3920193
6402688, 4342886

OK

2047592, 1129065
2047096.4959987
2043386.8059326
20435390,9710095
2049318, 2269644

Cancel

Schematic 7 j

El
Help |

Figure 6-118. Storage area outline information replaced with georeferenced data.

Georeference each storage area as you did for the first. The storage
areas should finally look like those in Error! Reference source not

found. 6-119.
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Figure 6-119. Geometric schematic with georeferenced storage areas.

Note that the storage area connection on the south side of the river is
not georeferenced. You can georeference it the same as with the
storage areas. Use the line creation tool to draw a line between the
storage areas. Paste the results in the Storage Area Connections
Lines Table accessible from the GIS Tools menu and the storage
area connection will be drawn between the storage areas (see Error!
Reference source not found. 6-120).

Figure 6-120. Geometric schematic with a georeferenced storage area connection.

Cross Sections

As discussed previously, the cross sections may look georeferenced,
but they are not. Cross sections that do not have geospatial
information are drawn perpendicular to the stream centerline and the
spacing is based on the downstream reach lengths.

By default, the Geometric Schematic scales the display of the cross
sections based on the river network. This is handy when the data is
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not georeferenced (when the river schematic is very short when
compared with real world distance), but we want to turn this option off
when we georeference the cross sections. Select the GIS Tools]|
Scale Cut Lines to Reach Lines menu item, as shown in Error!
Reference source not found. 6-121, to remove the check.

Reach Invert Lines Table ...

X5 Cut Lines Table ...

Storage Area/2D Flow Area Outlines Table ...

Storage Area/20 Flow Area Outlines Filter (multiple] ...
Storage Area/20 Flow Area Connection Lines Table ...
Storage Area/2D Flow Area Connection Centerline Table ...
20 Flow Area boundary conditions lines ..

GIS Levee Lines Table ...

GI5 Ineffective Area Lines Table...

Strearn Mode (River Stationing) Table ...

GIS Cut Lines 3

Scale Cut Lines to Reach Lines ...
GI5 Coordinate Operations »

Plot GIS Profile Reach Bounds ...
Limit GIS Bounds to Bridge Openings

Figure 6-121. The Scale Cut Lines to Reach Lines menu item should be unchecked when
using georeferenced data.

Cross sections should be georeferenced first at locations where you
have a pretty good idea where they should go. The hydraulic
structures in your model are the place to start. If you do not have
bridges in your model, you should start by locating where the most
downstream and most upstream cross sections are located. This will
allow HEC-RAS to establish where the cross sections should be along
the river using the channel downstream reach lengths.

For this example, we are going to start with the most upstream bridge
on the Upper Reach of the Baxter River. As shown in Error!
Reference source not found. 6-122, the bridge sections are located
approximately 3000 ft upstream of the bridge and will need to be
moved to the correct location.
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-t I R
Figure 6-122. The bridge sections are upstream of the real world location.

Use the mouse to left click on the downstream bridge cross section
and select the Move Cut Line Upstream/Downstream option. The
selected cross section and river centerline will be highlighted. Next,
use the crosshairs and left click on the stream centerline just
downstream of the bridge. The cross section will be repositioned (see
Error! Reference source not found. 6-123) and RAS will
georeference it based on the stream centerline, cross section width,
and bank stations.

The model schematic will then update to reflect the changes to all the
cross sections based on the position of the georeferenced cross
sections. A message will appear at the bottom of the schematic
explaining to the user that all the cross sections do not have GIS
information. The georeferenced cross sections are green, while those
without geospatial data will be brown.

—t b

!

Figure 6-123. The downstream bridge location has been georeferenced.
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The downstream bridge cross section is not exactly where it should be,
so use the edit tools to move the endpoints of the cross section.
Select the Edit | Move Object menu item. This will place vertices on
each cut line, as shown in Error! Reference source not found. 6-
124, and allow you to move the points using the mouse. Move the
points on the downstream bridge cross section.

Figure 6-124. Vertices are display on the cut lines while in Move Object mode.

Do the same for the cross section on the upstream side of the bridge
(see Error! Reference source not found. 6-125), as well. Note that
as soon as you move a point on a cross section that is not
georeferenced it becomes georeferenced!

—~

Figure 6-125. The upstream and downstre
georeferenced.

L

am bridge cross sections have been

HEC-RAS will use the main channel reach lengths for determining
where to lay out the cross sections, however, the stream centerline
you created for georeferencing the model may not be identical the
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centerline used when the river hydraulics model was first created. So
you need to continue to position cross sections with known locations.

Zoom into the RAS schematic to the bridge just upstream from the
airport runway. Note that the bridge river station position is about
right on (see Error! Reference source not found. 6-126). It was
placed there based on the downstream reach length. But to properly
model this bridge, the cut line must follow the bridge out to high
ground. Therefore, the cut line had to bend to follow the road. In this
case, just moving the cut line points would be more difficult that using
the line creation tool. Use the line creation tool to draw a line where
the downstream bounding bridge cross section should be located.

Figure 6-126. Bridges not perpendicular to the river require moving the bounding sections.

Once you have copied the cross section to the clipboard, paste it into
the cut line table shown in Error! Reference source not found. 6-
127, as accessed through the GIS Tools | XS Cut Lines Table.
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-

Edit Cross Section lines for plan view on schematic plot

River: |Baxter River j M @ Compute Line Length ... | Filter Line ... |

Reach: |U|:||:|er Reach ﬂ RS: |632‘34. {10 pt=) jﬂﬂ Reverse Order |

Selected Area Edit Options

Add Constant ... Multiply Factor ... | Set Values ... | Replace ... |
| Schematic X | Schematic -
1£6434653,9310454 2045432.6597595
2|6434634.8563554 2046570.0345306
3| 6434646.8937004 2047573.1477819
4(6434651.5171713 2048162.9193713
5(6434612.8921591 2045434.6236115
o |6434566.0549328 2048644.421313 ﬂ

(0]4 Cancel Help |

Figure 6-127. Cross section cut lines table data.

Press OK to accept your edits and the cross sections will look like
those shown in Error! Reference source not found. 6-128.

T

r=1.0

Figure 6-128. The ratio of the cut line to cross section width is displayed next to the cross
section (r=1.07).

The downstream bridge cross section is now georeferenced, but there
are two key pieces of information displayed that show you a mistake
(1) the bank stations are not on either side of the stream centerline
and (2) the ratio of the cut line to cross section width is 1.07 [r=1.07].
You need to adjust the cut line by shortening the left side. Use the
Edit Object mode to move the left endpoint in until the banks are
positioned correctly and the ratio is 1. The display of the cut line to
cross section ratio is turned on/off through the View | Display Ratio
of Cut Line Length to XS Length menu item.
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What happens if the bank positions move to the correct position but
the ratio remains greater than 1? Move the right bank in. The GIS
Tools | GIS Cut Lines | Adjust Cut Line Lengths to Match
Sta/Elev option can also be used to adjust the cut line lengths.

Obviously, the next step is to georeferenced the cross section just
upstream of the bridge. Again, use the line creation tool and paste the
cut line information into the cut line table. Adjust the cut line as
necessary to look like Error! Reference source not found. 6-129.

Figure 6-129. The downstream and upstream cut lines have been georeferenced.

It looks like there are some problems with how cross sections intersect
near the bridge. We will need to remedy that problem of cross section
intersecting. Not only hydraulically incorrect but attempts to perform
floodplain delineation will not be successful. Prior to fixing overlapping
cross sections, position all cross sections for which you know there
location.

Reposition all cross sections around bridges. Next, look at any cross
sections that HEC-RAS may have placed in the correct location. If any
non-georeferenced cross section looks good, left click on that cross
section and select the Accept Displayed Locations (as
Georeferenced) menu item. This will store the cross section line to
the XS Cut Lines table. If you want to accept the cut line information
for more than one cross section, select the GIS Tools | GIS Cut
Lines | Accept Displayed Locations (as Georeferenced) menu
item and select the cross sections in the selection dialog. The color of
all of the cross sections will turn green. The final, georeferenced
geometry will look similar to that shown in Error! Reference source
not found. 6-130. Now you can re-run the model and export the
results to the GIS for floodplain mapping.
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r=1.00
r=1 Oibutary

e B b/
1? \1[ Ty

Figure 6-130. A completely georeferenced HEC-RAS model.
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Attaching and Viewing Pictures

The user can attach a picture to any cross section or hydraulic
structure (bridge, culvert, etc.). Once pictures are attached, they can
be viewed from a picture viewer within the HEC-RAS geometric data
editor. The picture viewer supports the following graphics formats: bit
map (*.bmp); icon (*.ico); windows metafile (*.wmf); GIF (*.gif); and
JPEG (*.jpg).

Pictures are attached to cross sections or hydraulic structures from
within the picture viewer. To bring up the picture viewer, go to the
geometric data editor and click on the View Picture button with the
left mouse button. An editor will appear as shown in Figure 6-131. To
attach a picture to a particular river station, first select the River,
Reach, and River Station in which you would like to attach the picture.
Next select the Add Picture button, and a file selection box will
appear allowing you to select a graphics file to attach to the selected
location. If the picture file is not in the same location as your data
files, you can select the drive and path of the picture from within the
file selection box. Once a graphic file is located and selected, press
the Open button to attach it to the selected location. The picture
should automatically show up inside of the picture viewer. An example
picture is shown in Figure 6-132. Additional pictures can be added by
selecting a different location, then select the Add Picture button to
attach the picture. Only one picture can be attached to a model
object.

( El Picture Viewer I. | =] |_ﬂh )
River: |Baxter River j Add Picture ... |
Reach: [Upper Reach v Rrs: ~| 4 1]
|
' ~J

Figure 6-131. HEC-RAS Picture Viewer
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Once pictures are attached to the viewer, the user can move to
different pictures by using the up and down arrow buttons, or selecting
a specific river stationing that has a picture attached to it. Options are
available to zoom in, zoom full, and Pan by right clicking on the
picture. Additionally, when a picture is loaded, the Add Picture
button changes to Remove Picture in order to delete it. The user
can resize the picture viewer to whatever size they want. However, if
you are viewing a bitmap picture, and you make the window larger
than the actual picture resolution, the photo will begin to distort.

Once pictures are attached to the geometry file, a small red square will
be displayed on the river system schematic at each location where a
picture exists. When the user clicks the left mouse button over a cross
section, a pop up menu will appear. If that particular cross section has
a picture attached to it, one of the menu options will be to view the
picture. Selecting the View Picture option from the pop up menu will
bring up the picture viewer and automatically load that particular
picture.

The pictures are stored as part of the geometry data (not the actual
picture, but its location on the hard disk). In general, it is a good idea
to keep the picture files in the same directory as your project data
files. This will make it easier to keep track of all the files associated
with a particular project.
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El Picture Viewer

River: ISamﬁ Ana River j Remove Picture |

=] rs: R =] 4 1]

Reach: IL.Ipper Reach
[5AR 120325 DROP 5TR.

T Ft :
I:I:‘l,HEC Data'\HEC-RAS\Projects\Santafna'pic1-3.bmp

Figure 6-132. Picture Viewer with Example Bit Map Photo

Saving the Geometric Data

To save the geometric data, use the Save Geometry Data As option
from the File menu of the Geometric Data window. When this option
is selected, the user is prompted to enter a title for the geometric
data. Once you have entered the title, press the OK button and the
data will be saved to the hard disk. If the geometric data have been
saved before (and therefore a title has already been entered), then it
is only necessary to select the Save Geometry Data option. When this

option is selected, the geometry data are saved with the previously
defined title.

In general, it is a good idea to periodically save your data as you are
entering them. This will prevent the loss of large amounts of
information in the event of a power failure, or if a program error
occurs in the HEC-RAS user interface.
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CHAPTER 7

Performing a Steady Flow Analysis

This chapter discusses how to calculate steady flow water surface profiles.
The chapter is divided into two parts. The first part discusses how to enter
steady flow data and boundary conditions. The second part discusses how to
develop a plan and perform the calculations.

Contents
e Entering and Editing Steady Flow Data
e Performing Steady Flow Calculations

Entering and Editing Steady Flow Data

Once all of the geometric data are entered, the modeler can then enter any
steady flow data that are required. 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 7-1.

Steady Flow Data

The user is required to enter the following information: the number of profiles
to be calculated; the peak flow data (at least one flow for every river reach
and every profile); and any required boundary conditions. The user should
enter the number of profiles first. The next step is to enter the flow data.
Flow data are entered directly into the table. Use the mouse pointer to select
the box in which to enter the flow then type in the desired value.

Flow data are entered from upstream to downstream for each reach. At least
one flow value must be entered for each 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. The flow data can be changed at any cross section within a reach. To
add a flow change location to the table, first select the reach in which you
would like to change the flow (from the river and reach boxes above the
table). Next, select the River Station location for which you want to enter a
flow change. Then press the Add Flow Change Location button. The new
flow change location will appear in the table. If the user wants to add
multiple flow change locations, select the button labeled Add Multiple. This
will bring up a window that will allow the user to select multiple locations all
at one time.
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= = cowe

I apply Daka I

Add Multiple. .. |

;I Add A Flow Change Location I

| 4= Steady Flow Data - larger flows

File Options
Enter /Edit Mumber of Profiles {32000 max): Ih

Help
Reach Boundary Conditions ...

Locations of Flow Data Changes

River: IEutte Creek ;I

Reach: ITribuEry

Flow Change Location

Profile Mames and Flow Rates

River Reach RS 10 yr |25 yr | 50 yr | 100 yr
1|Butte Creek Tributary 0.4 150 250 500 750
2|Fall River pper Reach 10.4 750 1000 1500 2000
3|Fall River Lower Reach 9.79 200 1250 2000 2750
4|Fall River Lower Reach 9.6 a75 1300 2100 3000

Edit Steady flow data for the profiles (cfs)

Figure 7-1 Steady Flow Data Editor

Each profile is automatically assigned a title based on the profile
number, such as profile #1 is assigned a title of "Prof #1," profile #2
is assigned a title of "Prof #2," etc. The user can rename the title for
each profile by simply going into the options menu and selecting Edit
Profile Names. Once this option is selected, a dialog will appear
allowing you to rename each of the profile titles.

Boundary Conditions

After all of the flow data have been entered into the table, the next
step is to enter any boundary conditions that may be required. To
enter boundary conditions data press the Boundary Conditions
button at the top right of the steady flow data editor. The boundary
conditions editor should appear as shown in Figure 7-2.

Boundary conditions are necessary to establish the starting water
surface at the ends of the river system (upstream and downstream).

A starting water surface is necessary in order for the program to begin
the calculations. In a subcritical flow regime, boundary conditions are
only necessary 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 ends of the river system.
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Steady Flow Boundary Conditions

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

Available External Boundary Condtion Types

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

lected Boundary Condition Locations and Types
River Reach Profile
Butte Creek Tributary all
Fall River Upper Reach all
Fall River Lower Reach all

Upstream Downsiream

Junction=5utter
Mormal Depth 5 = 0.0004

Junction=5Sutter

Steady Flow Reach-Storage Area Optimization ..

Enter to accept data changes.
Figure 7-2 Steady Flow Boundary Conditions Editor

The boundary conditions editor contains a table listing every 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 was defined in the geometric data
editor. The user is only required to enter the necessary external
boundary conditions.

To enter a boundary condition, first use the mouse pointer to select
the cell location in which you would like to enter a boundary condition.
Then select the type of boundary condition from the four available
types listed above the table. The four types of boundary conditions
consist of:

Known Water Surface Elevations - For this boundary condition the
user must enter a known water surface for each of the profiles to be
computed.

Critical Depth - When this type of boundary condition is selected, the
user is not required to enter any further information. The program will
calculate critical depth for each of the profiles and use that as the
boundary condition.

Normal Depth - For this type of boundary condition, the user is
required to enter an energy slope that will be used in calculating
normal depth (Manning's equation) at that location. A normal depth
will be calculated for each profile based on the user-entered slope. If
the energy slope is unknown, the user could approximate it by
entering either the slope of the water surface or the slope of the
channel bottom.

Rating Curve - When this type of boundary condition is selected, a
pop up window appears allowing the user to enter an elevation versus
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flow rating curve. For each profile, the elevation is interpolated from
the rating curve given the flow.

An additional feature of the boundary condition editor is that the user
can specify a different type of boundary condition for each profile at
the same location. This is accomplished by first selecting the option
that says "Set boundary for one profile at a time" at the top of the
window. When this option is selected, the table will expand out to
provide a row for each profile, at every location. The user can then
select the location and profile for which they would like to change the
boundary condition type.

Once all the boundary conditions data are entered, press the OK
button to return to the steady flow data editor. Press the Apply Data
button to have the data accepted.

Steady Flow Data Options

Several options are available from the steady flow data editor to assist
users in entering the data. These features can be found under the
Options menu at the top of the window. The following options are
available:

Undo Editing. This option allows the user to retrieve the data back to
the form that it was in the last time the Apply Data button was
pressed. Each time the Apply Data button is pressed, the Undo Editing
feature is reset to the current information.

Copy Table to Clipboard (with headers). This option allows the
user to copy all of the reach, river, river station, and corresponding
flow data to the clipboard. This can be very useful if you want to
manipulate the data outside of HEC-RAS, such as in Excel.

Delete Row From Table. This option allows the user to delete a row
from the flow data table. To use this option, first select the row to be
deleted with the mouse pointer. Then select Delete Row From Table
from the options menu. The row will be deleted and all rows below it
will move up one.

Delete All Rows From Table. This option allows the user to delete
all of the rows from the table. To use this option, select Delete All
Rows From Table from the Options menu. When this option is
selected a window will appear with a question to make sure that
deleting all of the row is what you really want to do.

Delete Column (Profile) From Table. This option allows the user to
delete a specific column (profile) of data from the table. To use this
option, first select the column that you want to delete by placing the
mouse over any cell of that column and clicking the left mouse button.
Then select Delete Column (Profile) From Table from the Options
menus. The desired column will then be deleted.

Ratio Selected Flows. This option allows the user to multiply
selected values in the table by a factor. Using the mouse pointer, hold
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down the left mouse button and highlight the cells that you would like
to change by a factor. Next, select Ratio Selected Flows from the
options menu. A pop up window will appear allowing you to enter a
factor to multiply the flows by. Once you press the OK button, the
highlighted cells will be updated with the new values.

Edit Profile Names. This option allows the user to change the profile
names from the defaults of PF#1, PF#2, etc.

Set Changes in WS and EG. This option allows the user to set
specific changes in the water surface and energy between any two
cross sections in the model. The changes in water surface and energy
can be set for a specific profile in a multiple profile model. When this
option is selected, a window will appear as shown in Figure 7-3. As
shown, there are five options that the user can select from:
Additional EG, Change in EG, Known WS, Change in WS, and K
Loss. The Additional EG option allows the user to add an additional
energy loss between two cross sections. This energy loss will be used
in the energy balance equation in addition to the normal friction and
contraction and expansion losses. The Change in EG option allows
the user to set a specific amount of energy loss between two cross
sections. When this option is selected, the program does not perform
an energy balance, it simply adds the specified energy loss to the
energy of the downstream section and computes a corresponding
water surface. The Known WS option allows the user to set a water
surface at a specific cross section for a specific profile. During the
computations, the program will not compute a water surface elevation
for any cross section where a known water surface elevation has been
entered. The program will use the known water surface elevation and
then move to the next section. The Change in WS option allows the
user to force a specific change in the water surface elevation between
two cross sections. When this option is selected, the program adds
the user specified change in water surface to the downstream cross
section, and then calculates a corresponding energy to match the new
water surface. The K Loss option allows the user to calculate an
additional energy loss that will be added into the solution of the energy
balance. This energy loss is calculated by taking the user entered K
coefficient, times the velocity head at the current cross section being
solved. The user entered K coefficient can range from 0.0 to 1.0. The
K value is very analogous to a minor loss coefficient, as found in pipe
flow hydraulics.
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-
Set Internal Change

Add RS Locations One at a Time | Add Multiple RS Locations I

Select Location and Profile, then Select Method
River: IEutte Creek ;I Profile: Ill:l T

Reach: ITribuEry ;I River 5ta. :IU.ZU

Additional EG | ChangeinEG | Knownws | Changeinws | K Loss

River Reach RS Prof Type
Butte Creek Tributary 0.20 10 yr Addtnl EG(ft)

Cancel Clear all ...

Figure 7-3 Setting Changes in Water Surface and Energy

As shown in Figure 7-3, to use the "Set Internal Changes in WS and
EG" option, the user first selects the river, reach, river station, and
profile that they would like to add an internal change too. Once the
user has established a location and profile, the next step is to select
one of the five available options by pressing the appropriate button.
Once one of the five buttons are pressed, a row will be added to the
table at the bottom, and the user can then enter a number in the
value column, which represents the magnitude of the internal change
or required coefficient.

Observed WS. This option allows the user to enter observed water
surfaces at any cross section for any of the computed profiles. The

observed water surfaces can be displayed on the profile plots, cross
section plots, and in the summary output tables. To use this option
select Observed WS from the Options menu.

Observed Water Surfaces

River: IBeaver Creek Add Multiple. .. I Delete Rowl

Reach: IKentwond LI Add an Obs. WS Location |

Observed Water Surfaces

River Reach Din Dist |25 yr | 100 yr |r\"lag-I '74 flood
Beaver Creek Kentwood 220

Beaver Creek Kentwood 219.2
Beaver Creek Kentwood L 218.4
Beaver Creek Kentwood 218.3
Beaver Creek Kentwood 218.1
Beaver Creek Kentwood 217.8

7-4. Observed Water Surface Editor for Steady Flow Analyses.
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As shown in Figure 7-4, the user selected a River, Reach, and River
Station location, then press the Add an Obs. WS Location (or Add
Multiple) to enter a row in the table. Then enter the observed water
surface for any of the profiles that are applicable. The column in the
table labeled Dn Dist can be used to enter a distance downstream
from the currently selected cross section, to further define the actual
location of the observed water surface data.

Observed Rating Curves (Gages). This option allows the user to
enter an observed rating curve at a gaged location for comparison with
computed results. When the user enters an observed rating curve it
will show up on the Rating Curve output plot along with the computed
water surface versus flow information. To use this option select
Observed Rating Curves (Gages) from the Options menu.

Steady Flow - Observed Rating Cunrl
Add | Delete | Gage Mame: |But‘te Cr. Gage ﬂ Rename ... |

Measured Rating Curve

River: |Butte Creek j Obseved Rating Curves
, : Stage (ft) | Flow (cfs) <
Reach: |Tr||:uutary j ; o2 0
River Sta.: 0.1 ~|l 2 72 50
Distance from the upstream 0 3 73 145
RS to the reference: %} 79 237
Description:  [USGS Stream gage on Butte Cr 3 21 352
B 83 290
_ 7 a0 2400
Measured Point Data ... | 3 m

Plot ... QK Cance

7-5. Observed Rating Curve Editor

As shown in Figure 7-5, the user can Add or Delete a rating curve by
pressing one of the buttons at the top. For each rating curve the user
is required to select the River, Reach, and River Station that
corresponds to the location of the gage. If the gage is not located
exactly at one of the user entered cross sections, select the cross
section up stream of the gage and then enter a distance downstream
from that section to the gage. A description can optionally be entered
for the gage. Stage and flow values should be entered for the mean
value rating curve at that gage location. In addition to the mean
rating curve, the user can enter the actual measured points that went
into developing the rating curve. This is accomplished by pressing the
Measured Point Data button, which will pop up another editor. In
the measured point data editor the user can enter the flow and stage
for each measured point that has been surveyed for the gage.
Additionally a description can be added for each point (i.e. 72 flood,
slope-area measurement, etc...). If measured point data are also
entered, then that data will show up on the rating curve plot when
comparing the computed water surfaces to the observed.
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Gate Openings. This option allows the user to control gate openings
for any inline or lateral gated spillways that have been added to the
geometric data. When this option is selected, a window will appear as
shown in Figure 7-6.

-
Gate: |NittanyRiver Weir Reach 41.75 ~] 4 1]
Desc.  [Inline Weir and Gated Spillway # Gate groups: 3
Gate Group | # Openings | Gate Ht |PF#1 PF#2 PF=3
(ft) #0pen |OpenHt |#Open |OpenHt |#Open |OpenHt
Left Group g 10 0 in 2 3 3 6
Center Group |5 10 5 5 5 5 5 o
Right Graup 5 10 U] 1] 2 3 3 o
[« | 2
Ok | Cancel |

Enter the number of gates opened for profie 1

Figure 7-6 Inline Spillway Gated Openings Editor

As shown in Figure 7-6, for each profile the user can specify how many
gates are opened per gate group, and at what elevation they are
opened too. For the example shown in 6, there are three gate groups
labeled "Left Group," "Center Group," and "Right Group."” Each gate
group has five identical gate openings. All of the gate openings have a
maximum opening height of ten feet. For profile number 1, only the
middle gate group is opened, with all five gates opened to a height of
five feet. For the second profile, all three gate groups are opened.

The Left gate group has two gates opened to seven feet, the Center
gate group has five gates opened to four feet, and the Right gate
group has two gates opened for seven feet. This type of information
must be entered for all of the profiles being computed.

Optimize Gate Openings. This option allows the user to have the
program compute a gate setting at a structure in order to obtain a
user specified water surface upstream of the structure. Given a user
entered flow and upstream stage for each profile, the program will
iterate with different gate settings until the desired upstream water
surface is obtained. This option is very handy when modeling dams
and reservoirs.

Initial Split Flow Optimizations (LS and Pumps). This option
allows the user to enter initial estimates of the flow that is leaving the
main river through a lateral structure or a pump station. Flow values
can be entered for each profile. When a value is entered for this
option, that amount of flow is subtracted from the main river before
the first profile is computed. This option can be useful in reducing the
required computation time, or allowing the program to reach a solution
that may not otherwise been obtainable.

Inline and Lateral Structure Outlet TS Flows: There is an option
on the Inline Structure editor to add a time series of flows type of
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outlet. This is generally used for Unsteady flow modeling and
representing hydropower flows. However, if you are running a model
in Steady Flow mode, you can still use this feature. The flow data for
this feature will be just the flow rate for this outlet for each profile.
The flow entered is a portion of the total flow going through the inline
structure for that specific profile.

Storage Area Elevations. This option allows the user to enter water
surface elevations for storage areas that have been entered into the
geometric data. Storage areas are most often used in unsteady flow
modeling, but they may also be part of a steady flow model. When
using storage areas within a steady flow analysis, the user is required
to enter a water surface elevation for each storage area, for each
profile.

Saving the Steady Flow Data

The last step in developing the steady flow data is to save the
information to a file. To save the data, select the Save Flow Data As
from the File menu on the steady flow data editor. A pop up window
will appear prompting you to enter a title for the data.

Importing Data from the HEC Data Storage System (HEC-DSS)

HEC-DSS is a data base system that was specifically designed to store
data for applications in water resources. The HEC-DSS system can
store almost any type of data, but it is most efficient at storing large
blocks of data (e.g., time-series data). These blocks of data are
stored as records in HEC-DSS, and each record is given a unique name
called a "pathname.” A pathname can be up to 391 characters long
and, by convention, is separated into six parts. The parts are
referenced by the letters A, B, C, D, E, and F, and are delimited by a
slash "/" as follows:

/A/B/C/D/E/F/

The pathname is used to describe the data in enough detail that
various application programs can write to and read data from HEC-
DSS by simply knowing the pathname. For more information about
HEC-DSS, the user is referred to the "HEC-DSS, User’s Guide and
Utility Manuals" (HEC, 1995).

Many of the HEC application programs have the ability to read from
and write to the HEC-DSS. This capability facilitates the use of
observed data as well as passing information between software
programs. The ability to read data from HEC-DSS has been added to
HEC-RAS in order to extract flow and stage data for use in water
surface profile calculations. It is a common practice to use a
hydrologic model (i.e., HEC-HMS) to compute the runoff from a
watershed and then use HEC-RAS to compute the resulting water
surface profiles.
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Reading data from HEC-DSS into HEC-RAS is a two-step process.
First, the user must establish connections between HEC-RAS cross-
section locations and pathnames contained in the HEC-DSS file. These
connections are established by selecting the ""Set Locations for DSS
Connections" option from the File menu of the Steady Flow Data
editor. When this option is selected, a window will appear as shown in
Figure 7-7. The user selects cross-section locations for DSS
connections by selecting a River, Reach, and River Station, then
pressing the "Add selected location to table" button. When this button
is pressed, a new row will be added to the table at the top of the
window. The user should do this for all the locations where they want
to establish connections to HEC-DSS data.

The next step is to open a particular HEC-DSS file. The user has the
option of either typing the filename in directly, or using the open
button, which is right next to the filename field. Once a DSS file is
selected, a listing of the pathnames for all of the data contained in that
file will appear in the table at the bottom of the window. The user can
establish connections to more than one DSS file if desired.

[3H Sat | ocations for DS5 Connections g@@l

River: |Ball:| E agle Creek j Delete rov fram table |
Reach: |Lake to Lock Hav v RiverSta: [1381544 | Add selected location to table |
River Reach RS D55 File | Part & Part B PatC =
1|Bald Eagle Creek. |Lake to Lock Hav|138154.4 CAHECWR 33040 MILESBURG JCT | FLOW-REG
2| Bald Eagle Creek |Lake to Lock Hav | 82607.83 CAHECAWRaz30hcy SAYERS RSWR ELEV
3| Bald Eagle Creek. |Lake to Lock Hav| 81849.41 CAHECYR as30he SAYERS RSWR O FLOW-REG
4| Bald Eagle Creek |Lake to Lock Hav | FE00Z.96 CAHECWRaz30he MARSH CK.JCT  FLOW-REG
B| Bald Eagle Creek | Lake to Lock Hawv| E7326.78 CAHECWRaz30the MARSH-BEECH FLOW-REG ~*
14 3
D55 File: |I::'\HEI:'\FIAS\BaldEagIe\fnrecaﬂ.dﬁ ﬂ g Update Catalog
Part & Part B Part C Part D Part E Part F
Filker FLOW MOYv1993
25 MILES Hw FLOMW 0MOYV1993 THOUR BALDEAGLE MOW3SZ
26 MILES Hiw/ FLOW/-BASE M OY1993 THOUR BALDEAGLE MOW3Z
27 MILES Hw/ FLOW-DIRECT M O1993 THOUR BALDEAGLE MOW3SZ
23 MILES JCT 01M0Y1993 BALDEAGLE MOWS:
29 SAYER FLOW oMOYv1993 THOUR BALDEAGLE MOW9:
1] SAYER FLOW-BASE 0MOv1993 THOUR BALDEAGLE MOW3S:
£l SAYER FLOW-DIRECT 0MOv1993 THOUR BALDEAGLE MOW3Z
Select DSS Pathname | | |
Flot Selected Pathname | Ok | Cancel |

Figure 7-7 Editor for Setting Connections to HEC-DSS Pathnames

To establish the connection between an HEC-RAS cross section and a
particular pathname in the DSS file, the user selects the row in the
upper table that contains the river station that they want to connect
data to. Next, they select the pathname that they want to connect to
that river station from the lower table. Finally, they press the button
labeled "Select DSS Pathname," and the pathname is added to the
table at the top of the window.
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To make it easier to find the desired pathnames, a set of pathname
part filters were added to the top row of the lower table. These filters
contain a list of all the DSS pathname parts contained within the
currently opened DSS file. If the user selects a particular item within
the list of one of the pathname parts, then only the pathnames that
contain that particular pathname part will be displayed. These filters
can be used in combination to further reduce the list of pathnames
displayed in the table. When a particular filter is left blank, that
means that pathname part is not being filtered.

Another feature on the editor to assist in selecting the appropriate
pathnames is the "Plot Selected Pathname" button. This button allows
the user to get a plot or a table of the data contained within any
record in the DSS file. The user simply selects a DSS pathname, and
then presses the Plot Selected Pathname button, and a new window
will appear with a graphic of the data contained within that record.

Once all of the pathname connections are set, the user presses the OK
button to close the editor. The next step is to import the data. This is
accomplished by selecting ""DSS Import" from the File menu of the

Steady Flow Data editor. When this option is selected, a window will

appear as shown in Figure 7-8.

Time Window

Starting Date: |20y 1993 | Starting Time: [0000
Ending Date: |05DEC1923 | Ending Time:  |1200

[v Select Profiles at the Following Interval: |5 Haur ﬂ

[v Get Peak Flows at all Locations for Final Profile

Interpolation Options for Locations With Mo DSS Data
" Mo Interpolation (Leave Blank)

{+ Linear Interpolation (Based on RS values)i
(" Use existing flow profiles as ratios

Import Data QK Cancel

Missing data interpolation is based on the river stations.

Figure 7-8 DSS Data Import Window

First the user sets a time window, which consists of a starting date and
time and an ending date and time. When data are extracted from
DSS, the program will only look at the data that is contained within the
user specified time window.

Below the time window there are two options for selecting flow data to
be extracted from the DSS file. The first option allows the user to pick
off flow data at a specified time interval, starting with the beginning of
the time window for the first profile. The second and subsequent
profiles would be based on adding the user specified time interval to
the start time of the time window. Flow data is extracted from the
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hydrographs at each of the locations being read from DSS. The
second option listed on the window allows the user to get an overall
peak flow for a profile computation. When this option is selected, the
peak flow will be extracted from each hydrograph, within the time
window specified. These peak flows will be made into the final profile
in the flow data editor.

The bottom portion of the window contains options for interpolating
flow data at locations that do not have hydrographs in the DSS file.
After the flow data are read in, it will be necessary to interpolate flow
data at all of the locations listed in the flow data editor that do not
have values in the DSS file. Three options are available: no
interpolation, linear interpolation, or using the flow data from an
existing profile to calculated ratios for interpolating between points
that have data. Once all the options are set, the user presses the
"Import Data" button, to have the data imported and fill out the flow
data editor.

Importing Flows from an Existing Output Profile

This option allows the user to select an existing Plan from the current
project, and to import flow data from that plans output into the current
steady flow file. This can be a very handy option if you want to take
the computed flows from an unsteady flow run and import them into a
steady flow file, in order to make a steady flow analysis model. The
user must already have all the flow change locations they want in the
table first, before using this option.

Performing Steady Flow Calculations

Once all of the geometry and steady flow data have been entered, the
user can begin calculating the steady flow 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 will appear as in Figure 7-9 (except yours may not have a Plan
title and short ID).
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4 Steady Flow Analysis Wl o l = | |_ih]
File Opticns Help
Plan : |[Existing Conditions Model ShortID  |Existing Cond
Geometry File : |Existing Conditions - GIS Data -l
Steady Flow File: 149, 25, 50 & 100 yr Flow Data -l
Flow Regime Plan Description : |
{* Subcritical E'

(" Supercritical
" Mixed

Compute |

Enter to compute water surface profiles

Figure 7-9 Steady Flow Analysis Window

Defining a Plan

The first step in performing a simulation is to put together a Plan. The
Plan defines which geometry and flow data are to be used, as well as
provides a description and short identifier for the run. Also included in
the plan information are the selected flow regime and the simulation
options.

Before a Plan is defined, the user should select which geometry and
flow data will be used in the plan. To select a geometry or flow file,
press the down arrow button next to the desired data type. When this
button is pressed, a list will appear displaying all of the available files
of that type that are currently available for the project. Select the
geometry and flow files that you want to use for the current plan.

To establish a Plan, select New Plan from the File menu on the
steady flow analysis window. When New Plan is selected, a window
will appear prompting you to enter a title for the plan. After you enter
the title, press the OK button to close the window and accept the title.
The user will also be prompted to enter a short identifier for the plan.
The short identifier is limited to 16 characters. It is very important to
enter a short identifier that is descriptive of the plan. When viewing
multiple plan output from the graphics and tables, the Short ID will be
used to identify each plan.

The last step is to select the desired flow regime for which the model
will perform calculations. The user can select between subcritical,
supercritical, or mixed flow regime calculations.

Saving the Plan Information

To save Plan information to the hard disk, select Save Plan from the
File menu of the simulation window. Whenever options are changed
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or modified on the Steady Flow Analysis window, the user should Save
the Plan.

Simulation Options

The following is a list of the available simulation options under the
Options menu of the Steady Flow Analysis window:

Encroachments. This option allows the user to perform a floodway
encroachment analysis. For a detailed description of how to use the
floodway encroachment capabilities of HEC-RAS, see Chapter 9 of the
User’s Manual (this manual). For a description of how the
encroachment calculations are performed for the various
encroachment methods, see Chapter 9 of the Hydraulic Reference
Manual.

Flow Distribution Locations. This option allows the user to specify
locations in which they would like the program to calculate flow
distribution output. The flow distribution option allows the user to
subdivide the left overbank, main channel, and right overbank, for the
purpose of computing additional hydraulic information.

As shown in Figure 7-10, the user can specify to compute flow
distribution information for all the cross sections (this is done by using
the Global option) or at specific locations in the model. The number of
slices for the flow distribution computations must be defined for the
left overbank, main channel, and the right overbank. The user can
define up to 45 total slices. Each flow element (left overbank, main
channel, and right overbank) must have at least one slice. The flow
distribution output will be calculated for all profiles in the plan during
the computations.

,
b

Set Global Subsection Distribution
Set Global SubSections LOB 10 - | Channel 10 - | ROB 1o -

Set Spedific Location Subsection Distribution

River: |FaII River ﬂ

Reach: |L.I|:uper Reach ﬂ Mumber of SubSections (Max 45 total)

UpstreamRs: |10 »|wo8 |10 | channel [15 ~| roB [10 ]
Downstream RS: |9.8 j | set Selected Range |
Fall River Reach=lUpper Reach RS5=10 LOB=10 Chan=15 ROB=10 -

Fall River Reach=Upper Reach R5=9,95* LOBE=10 Chan=15R0OE=10 W
Fall River Reach=Upper Reach RS5=9.9 LOB=10 Chan=15R0OE=10 -
Fall River Reach=Upper Reach R5=9.85* LOE=10 Chan=15ROE=10 57

Ok Cancel Defaults ... Clear All

Set spedfic value for selected location

Figure 7-10 Window for Specifying the Locations of Flow Distribution
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To set the flow distribution option for all the cross sections, simply
select the number of slices for the left overbank, main channel, and
right overbank from the Set Global Subsections portion of the
window. To set flow distribution output at specific locations, use the
Set Specific Location Subsection Distribution option.

During the normal profile computations, at each cross section where
flow distribution is requested, the program will calculate the flow, area,
wetted perimeter, percentage of conveyance, and average velocity for
each of the user defined slices. For details on how the flow
distribution output is actually calculated, see Chapter 4 of the HEC-
RAS Hydraulic Reference Manual. For information on viewing the flow
distribution output, see Chapter 9 of the User’s Manual (this manual).

Conveyance Calculations. This option allows the user to tell the
program how to calculate conveyance in the overbanks. Two options
are available. The first option, At breaks in n values only, instructs
the program to sum wetted perimeter and area between breaks in n
values, and then to calculate conveyance at these locations. If n
varies in the overbank the conveyance values are then summed to get
the total overbank conveyance. The second option, Between every
coordinate point (HEC-2 style), calculates wetted perimeter, area,
and conveyance between every coordinate point in the overbanks.
The conveyance values are then summed to get the total left overbank
and right overbank conveyance. These two methods can provide
different answers for conveyance, and therefore different computed
water surfaces. The At breaks in n values only method is the
default.

Friction Slope Methods. This option allows the user to select one of
five available friction slope equations, or to allow the program to select
the method based on the flow regime and profile type. The five
equations are:

e Average Conveyance (Default)
e Average Friction Slope

e Geometric Mean Friction Slope
e Harmonic Mean Friction Slope
e HEC-6 Slope Average Method

Set Calculation Tolerances. This option allows the user to override
the default settings for the calculation tolerances. These tolerances
are used in the solution of the energy equation. Warning !1! -
Increasing the default calculation tolerances could result in
computational errors in the water surface profile. The tolerances are
as follows:

Water surface calculation tolerance: This tolerance is used to compare
against the difference between the computed and assumed water
surface elevations. When the difference is less than the tolerance, the
program assumes that it has a valid numerical solution. The default
value is 0.01.
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Critical depth calculation tolerance: This tolerance is used during the
critical depth solution algorithm. The default value is 0.01.

Maximum number of iterations: This variable defines the maximum
number of iterations that the program will make when attempting to
balance a water surface. The default value is 20.

Maximum difference tolerance: This tolerance is used during the
balance of the energy equation. As the program attempts to balance
the energy equation, the solution with the minimum error (assumed
minus computed water surface) is saved. If the program goes to the
maximum number of iterations without meeting the specified
calculation tolerance, the minimum error solution is checked against
the maximum difference tolerance. If the solution at minimum error is
less than this value, then the program uses the minimum error
solution as the answer, issues a warning statement, and then proceeds
with the calculations. If the solution at minimum error is greater than
the maximum difference tolerance, then the program issues a warning
and defaults the solution to critical depth. The computations then
proceed from there. The default value is 0.30.

Flow Tolerance Factor: This factor is only used in the bridge and
culvert routines. The factor is used when the program is attempting to
balance between weir flow and flow through the structure. The factor
is multiplied by the total flow. The resultant is then used as a flow
tolerance for the balance of weir flow and flow through the structure.
The default value is 0.001

Maximum Iteration in Split Flow: This variable defines the maximum
number of iterations that the program will use during the split flow
optimization calculations. The default value is 30.

Flow Tolerance Factor in Weir Split Flow: This tolerance is used when
running a split flow optimization with a lateral weir/gated spillway.
The split flow optimization continues to run until the guess of the
lateral flow and the computed value are within a percentage of the
total flow. The default value for this is 2 percent (.02).

Maximum Difference in Junction Split Flow: This tolerance is used
during a split flow optimization at a stream junction. The program
continues to attempt to balance flow splitting from one reach into two
until the energy gradelines of the receiving streams are within the
specified tolerance. The default value is 0.02.

Each of these variables has an allowable range and a default value.
The user is not allowed to enter a value outside of the allowable range.

Critical Depth Output Option. This option allows the user to
instruct the computational program to calculate critical depth at all
locations.

Critical Depth Computation Method. This option allows the user to
select between two methods for calculating critical depth. The default
method is the Parabolic Method. This method utilizes a parabolic

searching technique to find the minimum specific energy. This method
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is very fast, but it is only capable of finding a single minimum on the
energy curve. A second method, Multiple Critical Depth Search, is
capable of finding up to three minimums on the energy curve. If more
than one minimum is found the program selects the answer with the
lowest energy. Very often the program will find minimum energies at
levee breaks and breaks due to ineffective flow settings. When this
occurs, the program will not select these answers as valid critical
depth solutions, unless there is no other answer available. The
Multiple Critical Depth Search routine takes a lot of computation time.
Since critical depth is calculated often, using this method will slow
down the computations. This method should only be used when you
feel the program is finding an incorrect answer for critical depth.

Flow Optimizations. This option allows the user to have the
program optimize the split of flow at lateral structures, lateral
diversions, stream junctions, and pump stations. When this option is
selected, a window will appear as shown in Figure 7-11. As shown in
Figure 7-11, there are four tabs to choose from. One tab is for each of
the following: Junctions; Lateral Weirs/Diversions; Reach-Storage
Areas; and Pump Stations.

When the Lateral Weir/Diversion tab is selected, a table with all of
the lateral weirs/spillways and rating curves defined in the model will
be displayed. To have the program optimize the split of flow between
the main stream and a lateral weir/spillway (or rating curve), the user
simply checks the column labeled “Optimize.” If you do not want a
particular lateral weir/spillway to be optimized, the user should not
check the box. For the first iteration of the flow split optimization, the
program assumes that zero flow is going out of the lateral structure.
Once a profile is computed, the program will then compute flow over
the lateral structure. The program then iteratively reduces the flow in
the main channel, until a balance is reached between the main river
and the lateral structure. The user has the option to enter an initial
estimate of the flow going out the lateral structure. This can speed up
the computations, and may allow the program to get to a solution that
may not have otherwise been possible. This option is available by
selecting “Initial Split Flow Values” from the “Options” menu of the
Steady Flow Data editor.
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Steady Flow Analysis - Flow Optimization Options

|| Junctions | Lateral Structures/Diversions | Reach-Storage Areas| Pumps

Junctions Optimize
Tusseyville v

[

Ok Cancel

Figure 7-11 Split Flow Optimization Window

When the Junction tab is selected, the table will show all of the
junctions in the model that have flow splits. To have the program
optimize the split of flow at a junction, check the optimize column,
otherwise leave it unchecked. Flow optimizations at junctions are
performed by computing the water surface profiles for all of the
reaches, then comparing the computed energy grade lines for the
cross sections just downstream of the junction. If the energy in all the
reaches below a junction is not within a specified tolerance (0.02 feet),
then the flow going to each reach is redistributed and the profiles are
recalculated. This methodology continues until a balance is reached.

When the Reach — Storage Areas tab is selected, a window will
appear displaying all of the storage areas that are upstream
boundaries to river reaches. If optimization is set to on for a particular
storage area, the program will optimize the amount of flow coming out
of the storage area, based on the user specified elevation of the
storage area.

The final tab is for Pumps. When this tab is pressed a table will
appear showing all of the locations where pump stations are connected
to the main rivers. The user can then turn on optimization for the split
of flow between the main river and the pump station.

Check Data Before Execution. This option provides for
comprehensive data input checking. When this option is turned on,
data input checking will be performed when the user presses the
compute button. If all of the data are complete, then the program
allows the steady flow computations to proceed. If the data are not
complete, or some other problem is detected, the program will not
perform the steady flow analysis, and a list of all the problems in the
data will be displayed on the screen. If this option is turned off, data
checking is not performed before the steady flow execution. The
default is that the data checking is turned on.

Set Log File Output Level. This option allows the user to set the
level of the Log file. The Log file is a file that is created by the
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computational program. This file contains information tracing the
program process. Log levels can range between 0 and 10, with O
resulting in no Log output and 10 resulting in the maximum Log
output. In general, the Log file output level should not be set unless
the user gets an error during the computations. If an error occurs in
the computations, set the log file level to an appropriate value. Re-run
the computations and then review the log output, try to determine
why the program got an error.

When the user selects Set Log File Output Level, a window will
appear as shown in Figure 7-12. The user can set a "Global Log
Level," which will be used for all cross sections and every profile. The
user can also set log levels at specific locations for specific profiles. In
general, it is better to only set the log level at the locations where
problems are occurring in the computations. To set the specific
location log level, first select the desired reach and river station. Next
select the log level and the profile number (the log level can be turned
on for all profiles). Once you have everything set, press the Set
button and the log level will show up in the window below. Log levels
can be set at several locations individually. Once all of the Log Levels
are set, press the OK button to close the window.

Warning !!! - Setting the log output level to 4 or 5 can result in very
large log file output. Log level values of 6 or larger can result in
extremely large log files.

View Log File. This option allows the user to view the contents of the
log file. The interface uses the Windows Write program to accomplish
this. Itis up to the user to set an appropriate font in the Write
program. If the user sets a font that uses proportional spacing, the
information in the log file will not line up correctly. Some fonts that
work well are: Line Printer; Courier (8 pt.); and Helvetica (8 pt.).
Consult your Windows user’'s manual for information on how to use the
Write program.

View Runtime Messages File. This option will allow the user to
open a file that contains the runtime messages from the last time the
Steady Flow model was computed.
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Output Log Level -

—Set Global Log Level I

Global Log Level: I 0 vI

—Set Spedfic Log Level Locations

|| |River: ISpruce Creek ;I Prafile: |1 vI

Reach: IUpper Spruce

Upstream RS: |2145 vI Log Level I 10 vI

Downstream RS: |2CI4D ;I

Spruce Creek  Reach=Upper Spruce  RS5=2145 profile= 1LL=10
Spruce Creek  Reach=Upper Spruce  RS5=2040 profile= 1LL=10

oK Cancel Help Clear all

Set spedific log level for selected location

Figure 7-12 Log File Output Level Window

Starting the Computations

Once all of the data have been entered, and a Plan has been defined,
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 is pressed, a separate window will appear
showing you the progress of the computations (Figure 7-13). The
information that appears in the window is only there as an indicator of
the programs progress during the computations. This window is not
intended to be used for viewing any output. When the computations
have been completed, the user can close the computations window by
clicking the close button at the bottom of the window. If the
computations ended with a message stating "Finished Steady Flow
Simulation,” the user can then begin to review the output.
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HEC-RAS Finished Computations

Write Geometry Information
| Layer: Compet ———
—Steady Flow Simulation

River: Butte Cr. R5: 0.2

Reach: Tributary Mode Type:  Cross Section

Profile: 100 yr

Simulation: 3/3

—Computation Messages

Plan: 'Existing Conditions Run' (EX1.p01)
Simulation started at: 071ul2015 09:07:08 AM
Lsing ©4 Bit Computation Engines

WViriting Geometry

Computing Bank Lines

Bank lines generated in 42 ms

Computing River Edge Lines

River Edge Lines generated in & ms

There are no stored interpolation surfaces
Interpolation Surfaces will be recomputed
Computing XS Interpalation Surfaces

%5 Interpolation Surfaces generated in 48 ms
Completed Writing Geometry

Writing Event Conditions
Ewent Conditions Complete

Steady Flow Simulation HEC-RAS 5.0.0 Beta March 2015

Finished Steady Flow Simulation

Computations Summary

Computation Task Time(hh:mm:ss)
Completing Geometry <1
Steady Flow Computations(64) <1
Complete Process <1

Pause | Take Snapshot of Results |

7-13. HEC-RAS Steady Flow Computation Progress Window.
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CHAPTER 8

Performing an Unsteady Flow Analysis

This chapter shows how to calculate unsteady flow water surface
profiles. The chapter is divided into four parts. The first part explains
how to enter unsteady flow data and boundary conditions. The second
part describes how to develop a plan and perform the calculations. The
third part focuses on calibrating an unsteady flow model, and the last
part talks about model accuracy, stability, and sensitivity.

Contents

e Entering and Editing Unsteady Flow Data
e Performing Unsteady Flow Calculations

e Calibration of Unsteady Flow Models

e Model Accuracy, Stability, and Sensitivity

Entering and Editing Unsteady Flow Data

Once all of the geometric data are entered, the modeler can then enter
any unsteady flow data that are required. To bring up the unsteady
flow data editor, select Unsteady Flow Data from the Edit menu on
the HEC-RAS main window. The Unsteady flow data editor should
appear as shown in Figure 8-1.

Unsteady Flow Data

The user is required to enter boundary conditions at all of the external
boundaries of the system, as well as any desired internal locations,
and set the initial flow and storage area conditions at the beginning of
the simulation.

Boundary conditions are entered by first selecting the Boundary
Conditions tab from the Unsteady Flow Data editor. River, Reach,
and River Station locations of the external bounds of the system wiill
automatically be entered into the table. Boundary conditions are
entered by first selecting a cell in the table for a particular location,
then selecting the boundary condition type that is desired at that
location. Not all boundary condition types are available for use at all
locations. The program will automatically gray-out the boundary
condition types that are not relevant when the user highlights a
particular location in the table. Users can also add locations for
entering internal boundary conditions. To add an additional boundary
condition location, select either the Add RS button or the Add
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Storage Area button. The Add RS button allows users to enter
additional river station locations for boundary conditions. The Add
Storage Area button allows user to add storage area locations for
insertion of a boundary condition.

%_ Unsteady Flow Data - PMF Flow Data Eﬂnﬂi Ru_LE o e S

File Options Help

Boundary Conditions | Initial Conditions | Apply Data I I

—

Boundary Condition Ty

Stage Hydrograph I Flow Hydrograph | StageFlow Hydr, | Fating Curve |
|
Mormal Depth I Lateral Inflow Hydr. | Unifarm Lateral Inflaw | Groundwater Interflow | I
T.5, Gake Openings I Elew Controlled Gakes | Mavigation Dams | IE Stage Flow |

Rules I Precipitation | @ El
Add Boundary Condition Location

AddRS ... | 'Addsa/zpFiowarea... | addsacomnection ... | | add Pump Station ... |

Select Location in table then select Boundary Condition Ty

River Reach RS Boundary Condition
1|Russian DamtoOoean 528325 I5 [T.5. Gate Openings
2 |Russian DamtoOcean 523373.7 Uniform Lateral Inflow 3
3| Russian DamtoOcean 513800 LS |Rules
4|Russian DamtoOcean 431876.0  |Uniform Lateral Inflow
5| Russian DamtoOcean 445561.6  |Uniform Lateral Inflow
6 | Russian DamtoOcean 374291.2  |Uniform Lateral Inflow
7| Russian DamtoCicean 3474129 |Lateral Inflow Hydr.
8 | Russian DamtoOcean 286114.2  |Uniform Lateral Inflow
9 | Russian DamtoOcean 187010.4 |Uniform Lateral Inflow
10 | Russian DamtoOcean 114118.4 |Uniform Lateral Inflow
|£ Russian DamtoCicean 3190.072  [Mormal Depth
|
Storage/2D Flow Areas Boundary Condition
1| 365 Lateral Inflow Hydr,
2|773 Lateral Inflow Hydr,
3|923 Lateral Inflow Hydr,
4928 Lateral Inflow Hydr,
5|929 Lateral Inflow Hydr,
6930 Lateral Inflow Hydr,
7|Mendocino Lake Lateral Inflow Hydr,

Initial internal water surface elevations set

Figure 8-1. Unsteady Flow Data Editor

Boundary Conditions

There are several different types of boundary conditions available to
the user. The following is a short discussion of each type:
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Flow Hydrograph:

A flow hydrograph can be used as either an upstream boundary or
downstream boundary condition, but it is most commonly used as an
upstream boundary condition. When the flow hydrograph button is
pressed, the window shown in Figure 8-2 will appear. As shown, the
user can either read the data from a HEC-DSS (HEC Data Storage
System) file, or they can enter the hydrograph ordinates into a table.
If the user selects the option to read the data from DSS, they must
press the “Select DSS File and Path” button. When this button is
pressed a DSS file and pathname selection screen will appear as
shown in Figure 8-3. The user first selects the desired DSS file by
using the browser button at the top. Once a DSS file is selected, a list
of all of the DSS pathnames within that file will show up in the table.

Flow Hydrograph

River: Beaver Creek Reach: Kentwood R5: 5.99

™ Read from DSS before simulation Select D55 file and Path
File: |d:\HEC Data\HEC-RAS\Unsteady Examplesibeaver.dss i
Path: |,|"EEA'I.-'EF'. CREEK KENTWOOD/5.99/FLOW [01FEE 1999/ 1HOUR, 10 YEAR EVNT/ |

¥ Enter Table Data time interval: Il Hour vI

Select/Enter the Data's Starting Time Reference
¥ |ze Simulation Time: Date: IllIJFEEl'EIEIU Time: J0000

e
™ Fixed Start Time: Date: I ﬂﬁme: I

Mo, Drdinatesl Interpolate Missing Values | Del Row I Ins Row |

Hydrograph Data

Cate Simulation Time Flow
(hours) (cfs)
1 09Feb 1990 2400 00:00 317.58
2 10Feb 1990 0100 01:00 429.91
3 10Feb 1950 0200 02:00 515,75
4 10Feb 1990 0300 03:00 373.08
5 10Feb 1990 0400 04:00 1199.07
5] 10Feb 1990 0500 05:00 1590.14
7 10Feb 1990 0500 05:00 2042.03
3 10Feb 1990 0700 0F:00 2549.75
9 10Feb 1990 0800 03:00 3107.79 I
10 10Feb 1990 0200 09:00 3710, |
—Time Step Adjustment Options ("Critical” boundary conditions)
[~ Manitor this hydrograph for adjustments to computational time step
Max Change in Flow {without changing time step): I

Min Flow: I— Multiplier: I—

PlotData | oK Cancel

Figure 8-2. Example Flow Hydrograph Boundary Condition
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The user also has the option of entering a flow hydrograph directly into
a table, as shown in Figure 8-2. The first step is to enter a “Data
time interval.” Currently the program only supports regular interval
time series data. A list of allowable time intervals is shown in the drop
down window of the data interval list box. To enter data into the
table, the user is required to select either “Use Simulation Time” or
“Fixed Start Time.” If the user selects “Use Simulation Time”, then
the hydrograph that they enter will always start at the beginning of
the simulation time window. The simulation starting date and time is
shown next to this box, but is grayed out. If the user selects “Fixed
Start Time” then the hydrograph is entered starting at a user specified
time and date. Once a starting date and time is selected, the user can
then begin entering the data.

Pick D55 Path E=RREN_ X

[ 3
D55 File: ||:|: \HEC Data\HEC-RASYUnsteady Examples\beaver.dss ﬂ (2| Update Catalog
Part A PartB Part C PartD PartE PartF
Filter 5.99 FLOW
1| BEAVER. CREEK KEMTWO | 5.99 FLOW 01FEBE19¢| IHOUR 100 ¥1EVMNT
2| BEAVER. CREEK KEMTWO | 5.99 FLOW 09FEBE 19¢| 2MIN 100 ¥1EVMT 12345
3 | BEAVER. CREEK KENTWO 5,99 FLOW 10FEE19¢ 2MIM 100 Y1 EVNT 12345
4|BEAVER CREEK KENTWO 5.99 FLOW 11FEB19¢| 2MIN 100 ¥1EVMT 12345
5|BEAVER. CREEK KEMTWO | 5.99 FLOW 01FEE19¢| IHOUR. 100 ¥ 1 EVMT 1234567891234567
6 5.99 01FEB 19¢
7| BEAVER. CREEK KEMTWO 5,99 FLOW 09FEE 19¢| 2MIN ZERO ITERATIONS
Select entire filtered list | Select highlighted D35 Pathname(s) |
/BEAVER. CREEK KEMTWOOD/5.99,/FLOW /0 1FEB 1999/ 1HOUR, /100 YEAR EVMT/

Plot Selected Pathname(s) Clear List K Cancel

Figure 8-3. HEC-DSS File and Pathname Selection Screen

An option listed at the bottom of the flow hydrograph boundary
condition is to make this boundary a “Critical Boundary Condition.”
When you select this option, the program will monitor the inflow
hydrograph to see if a change in flow rate from one time step to the
next is exceeded. If the change in flow rate does exceed the user
entered maximum, the program will automatically cut the time step in
half until the change in flow rate does not exceed the user specified
max. Large changes in flow can cause instabilities. The use of this
feature can help to keep the solution of the program stable. This
feature can be used for multiple hydrographs simultaneously. The
software will evaluate all of the hydrographs then calculate a time slice
based on the hydrograph with the largest percentage increase over the
user specified maximum flow change.
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Two other options at the bottom of this editor are “Min Flow” and
“Multiplier.” Both of these options apply to user entered hydrographs
or hydrographs read from HEC-DSS. The “Min Flow” option allows
the user to specify a minimum flow to be used in the hydrograph. This
option is very useful when too low of a flow is causing stability
problems. Rather than edit the user entered hydrograph or the DSS
file (depending upon where the hydrograph is coming from), the user
can enter a single value, and all values below this magnitude will be
changed to that value. The “Multiplier” option allows the user to
multiply every ordinate of the hydrograph by a user specified factor.
This factor will be applied to the user-entered hydrograph or a
hydrograph read from HEC-DSS.

Stage Hydrograph:

A stage hydrograph can be used as either an upstream or downstream
boundary condition. The editor for a stage hydrograph is similar to the
flow hydrograph editor (Figure 8-2). The user has the choice of either
attaching a HEC-DSS file and pathname or entering the data directly
into a table.

Stage and Flow Hydrograph:

The stage and flow hydrograph option can be used together as either
an upstream or downstream boundary condition. The upstream stage
and flow hydrograph is a mixed boundary condition where the stage
hydrograph is inserted as the upstream boundary until the stage
hydrograph runs out of data; at this point the program automatically
switches to using the flow hydrograph as the boundary condition. The
end of the stage data is identified by the HEC-DSS missing data code
of “-901.0". This type of boundary condition is primarily used for
forecast models where the stage is observed data up to the time of
forecast, and the flow data is a forecasted hydrograph.

Rating Curve:

The rating curve option can be used as a downstream boundary
condition. The user can either read the rating curve from HEC-DSS or
enter it by hand into the editor. Shown in Figure 8-4 is the editor with
data entered into the table. The downstream rating curve is a single
valued relationship, and does not reflect a loop in the rating, which
may occur during an event. This assumption may cause errors in the
vicinity of the rating curve. The errors become a problem for streams
with mild gradients where the slope of the water surface is not steep
enough to dampen the errors over a relatively short distance. When
using a rating curve, make sure that the rating curve is a sufficient
distance downstream of the study area, such that any errors
introduced by the rating curve do not affect the study reach.
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ng Curve - al

River: Chio River Reach: Lower RS: -126.45

I " Read from D35 before simulation Select 055 file and Fath
File: |
Path: |
%" Enter Table
Del Row | Ins Row I
Stage (ft) Flow (cfs)
1] 50 u.
_2[ 580, 1000,
_3| 585, 3000,
_ 4| 589, 5000,
_5]591.4 aa00,
HEE 8230.
_7]594. 10000,
BES 14440,
_ 9598, 20000,
10{a01. 30000,
11{e02.3 35000,
12|e03.2 40000,
13[a07. 54000,
14[811.3 100000,
15[a817. 150000,
1s6|62l.7 200000,
17{829.3 300000,
18|636.7 400000, l

Flot Data | QK | Cancel |

Figure 8-4. Example Rating Curve Boundary Condition Editor

Normal Depth:

The Normal Depth option can only be used as a downstream boundary
condition for an open-ended reach. This option uses Manning’s
equation to estimate a stage for each computed flow. To use this
method the user is required to enter a friction slope (slope of the
energy grade line) for the reach in the vicinity of the boundary
condition. The slope of the water surface is often a good estimate of
the friction slope, however this is hard to obtain ahead of time. The
average bed slope in the vicinity of the boundary condition location is
often used as an estimate for the friction slope.

As recommended with the rating curve option, when applying this type
of boundary condition it should placed far enough downstream, such
that any errors it produces will not affect the results at the study
reach.
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Lateral Inflow Hydrograph:

The Lateral Inflow Hydrograph is used as an internal boundary
condition. This option allows the user to bring in flow at a specific
point along the stream. The user attaches this boundary condition to
the river station of the cross section just upstream of where the lateral
inflow will come in. The actual change in flow will not show up until
the next cross section downstream from this inflow hydrograph. The
user can either read the hydrograph from DSS or enter it by hand.

Uniform Lateral Inflow Hydrograph:

The Uniform Lateral Inflow Hydrograph is used as an internal boundary
condition. This option allows the user to bring in a flow hydrograph
and distribute it uniformly along the river reach between two user
specified cross section locations. The hydrograph for this boundary
condition type can be either read in from DSS, or entered by hand into
a table.

Groundwater Interflow:

The groundwater boundary condition can be applied to a river reach or
a storage area. Groundwater can flow into, or out of, a reach or
storage area, depending on the water surface head. The stage of the
groundwater reservoir is assumed to be independent of the interflow
from the river, and must be entered manually or read from DSS. The
groundwater interflow is similar to a uniform lateral inflow in that the
user enters an upstream and a downstream river station, in which the
flow passes back and forth. The groundwater interflow option can also
be linked directly to a storage area, for modeling groundwater
exchange with ponding areas. The computed flow is proportional to
the head between the river (or storage area) and the groundwater
reservoir.

The computation of the interflow is based on Darcy’s equation. The
user is required to enter the coefficient of permeability (hydraulic
conductivity, K, in feet/day), a time series of stages for the
groundwater aquifer, and the distance between the river and the
location of the user entered groundwater aquifer stages (this is used to
obtain a gradient for Darcy’s equation). If the groundwater time-
series represents the stage immediately at the cross section (for
instance if the user has detailed results from a groundwater model),
then the user should enter the "K of the streambed sediment" and the
"Thickness of the streambed sediments.” If the groundwater time-
series is the stage some distance from the cross section (such as a
monitoring well), then the user should enter an "Average K of the
groundwater basin" and the "Distance between the river and the
location of the groundwater stage.”
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Time Series of Gate Openings:

This option allows the user to enter a time series of gate openings for
an inline gated spillway, lateral gated spillway, or a gated spillway
connecting two storage areas. The user has the option of reading the
data from a DSS file or entering the data into a table from within the
editor. Figure 8-5 shows an example of the Times Series of Gate
Openings editor. As shown in Figure 8-5, the user first selects a gate
group, then either attaches a DSS pathname to that group or enters
the data into the table. This is done for each of the gate groups
contained within the particular hydraulic structure.

River: Mittany River Reach: Weir Reach RS: 41,75

Gate Group: ~| 4 1|

" Read from D55 before simulation select DSS file and Path |
File: |
Path: |
{+ Enter Table Data time interval: |1 Hour ﬂ
Select/Enter the Data's Starting Time Reference
{* Use Simulation Time: Date: [08APR1999 Time; 0000

I { Fixed Start Time: Date: j Time:
Mo. Ordinates | Interpolate Missing Values | Del Fow | Ins Row |

Hydrograph Data

Date Simulation Time | Gate Opening Height
{hours) (ft)

3.23
3.47
3.7
3.93
4.17
4.4
4.63 i

Ll IR (e T [0 T O R S T

Flot Data oK Cancel

Figure 8-5. Example Time Series of Gate Openings Editor

Warning: Opening and closing gates too quickly can cause
instabilities in the solution of the unsteady flow equations. If
instabilities occur near gated locations, the user should either
reduce the computational time step and/or reduce the rate at
which gates are opened or closed.
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Elevation Controlled Gate:

This option allows the user to control the opening and closing of gates
based on the elevation of the water surface upstream of the structure
(Based on upstream WS); or based on the water surface at a user
specified cross section or storage area (from any location in the
model) (Based on specified reference); or based on a difference in
water surface elevation from any two user defined reference locations
(Based on difference in stage). A gate begins to open when a user
specified elevation is exceeded. The gate opens at a rate specified by
the user. As the water surface goes down, the gate will begin to close
at a user specified elevation. The closing of the gate is at a user
specified rate (feet/min.). If the gate operating criteria is a stage
difference, the user can specify a stage difference for when the gate
should open and a stage difference for when the gate should begin to
close. Stage differences can be positive, zero, or negative values. The
user must also enter a maximum and minimum gate opening, as well
as the initial gate opening. Figure 8-6 shows an example of this
editor.

——
Elevation Controlled Gates ‘

River: Nittany River Reach: Weir Reach RS: 41.75
Gate Group: |Le1"t Group J

-
=

Reference; Based on upstream W5

pstream WS Elevation Reference
Upstream W5 elevation at which gate beqins to open:

Upstream WS elevation at which gate begins to dose:

Gate Opening Rate: (ft/min):
Gate Closing Rate:(ft/min):
Maximum Gate Opening:
Minimum Gate Opening:

l Initial Gate Opening (Optional):

s
—
S
e
w
o
o

Figure 8-6. Elevation Controlled Gate Editor

Navigation Dam:

This option allows the user to define an inline gated structure as a
hinge pool operated navigation dam. The user specifies stage and flow
monitoring locations, as well as a range of stages and flow factors.
This data is used by the software to make decisions about gate
operations in order to maintain water surface elevations at the monitor
locations. A detailed discussion about Navigation Dams can be found
in Chapter 16 of the user’s manual.
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Internal Boundary Stage and/or Flow Hydrograph:

This option allows the user to enter a known stage hydrograph and/or
a flow hydrograph, to be used as an internal boundary condition. The
boundary condition can be used at a cross section immediately
upstream of an inline structure in order to force a known stage and/or
flow for part or all the simulation. It can also be used at an “open”
cross section (one not associated with a hydraulic structure). For
example, in order to force the water surface to match the water
surface from known gage data.

If the user enters only a stage hydrograph, then the program will force
the stage at this cross section and it will solve for the appropriate flow
(in order to balance the unsteady continuity and momentum
equations). Similarly, if the user enters only a flow hydrograph, then
the program will force the flow at this cross section and it will solve for
the appropriate stage. The user may also enter both stage and flow
data. In this case, the program will force the stage (and solve for
flow) as long as there is stage data. Once the stage data runs out, the
program will start using the flow data (force the flow and solve for
stage). This can often be useful when performing a forecast.
Regardless of whether a stage and/or flow hydrograph is entered, if all
of the time series data runs out before the end of the simulation, then
the program will treat the cross section as a regular cross section and
will solve for both flow and stage in the normal manner.
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Internal Boundary S5tage and Flow Hydrograph

River: RedFox Reach: BedFox B5: 3

" Read fram D55 before simulation | 2elecl D55 e and Path |
File: |
Stage |
Flow |

{* Enter Table Data time interyal: |1 Hour -

Select/Enter the Data's Starting Time Reference
f+ Uze Simulation Time: Date;  [O1JANZ000 Timne: |1 200

" Fimed Start Tirne: D ate: J Timne: |

Mo, Ordinates Interpolate Miszing Values | Del Row | Ins Row |
Hydrograph D ata
Date Simulation Time Stage Flow -
[hourz] [F] [cfz]

1 01Jan2000 1200 00:00 108. 1100.

2 01Jan2000 1300 01:00 1125,

3 01Jan2000 1400 0200 1150,

4 01Jan2000 1500 0300

] 01Jan2000 1600 0400 j

Tirme Step Adiustment Options [MCritical” boundany conditions|]
[ Maritar this hydrograph for adjustrments to computational bme step

b ax Change in Flow [without changing time stea): |

Plot D ata | k. | Cancel

Figure 8-7. Internal Boundary Stage and Flow Hydrograph Editor

The Internal Boundary (IB) Stage and Flow Hydrograph editor is
shown in Figure 8-7. In the example above, the program will force the
stage to be 108 feet up until the start of the simulation time (that is,
during the initial backwater and warm up period) and then it will start
using the flow data. The flow for the first [non-warm up] time step
will be 1100 cfs transitioning to 1125 cfs over the next hour. After two
hours, the program will no longer force either stage or flow but,
instead, will solve for both in a normal manner.

Note: For an inline structure that has known discharges for all or part
of the simulation, entering a single stage at the start of the simulation
is a quick and easy way to enter an initial stage. (The alternative way
to enter an initial stage is to go to the Options menu on the Unsteady
Flow Data editor and select Internal RS Stages...)

For the simulation in Figure 8-7, if the user had entered another stage,
for example 107.5 feet at 01:00 hours, then the program would
transition down to a stage of 107.5 feet during the first hour. At the
start of the second hour, the flow would immediately be forced to a
value of 1125 cfs. These sudden transitions may cause stability
problems if the values are too far out of balance. For instance, if the
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program computed a flow value of 4400 cfs in order to force a water
surface of 107.5 at the end of the first hour, then the system wiill
receive a “shock” as the flow is forced to 1125 during the next time
step.

If a known hydrograph is entered for an inline structure (i.e. for the
cross section immediately upstream of the inline structure) that has
gates, then a boundary condition for the gate operations must still be
entered (time series, elevation control, etc.). When the hydrograph
information runs out, the program will use the gate operations from
the boundary conditions and will solve for the flow and stage at the
inline structure in a normal manner (computing weir and/or gate flow).
As with the change from a stage hydrograph to a flow hydrograph, the
change from known (stage or flow) hydrograph to normal inline
operations can cause a “shock” if the new computed value is too far
out of balance from the previous one.

If the stage and/or flow hydrograph for a reservoir is entered for the
entire simulation, then the physical characteristics of the inline
structure will not affect the solution. In this situation, the inline
structure does not even have to be entered into the geometry—the IB
hydrograph could just be attached to an “open” cross section and the
headwater and tailwater stages and flows would be the same.
However, neither does it matter if the inline structure is included, and
it may be convenient for display and/or output.

If the user elects to use a DSS stage/flow hydrograph, then the “end
of data” should be entered as a -901 in the DSS record, which is the
missing data code for HEC-DSS. If the data is entered in the table, as
shown in the example, then the end of data is a blank line. Do not
enter -901 in the table (unless this happens to be a real value).

“Rules” Editor

Currently HEC-RAS has the ability for the user to develop their own set
of rules for controlling Inline structures, Lateral Structures, and
Storage area Connections. The details of how the “Rules” editor can
be used can be found in Chapter 16 “Advanced Features for Unsteady
Flow Routing”, under the section labeled “User Defined Rules for
Hydraulic Structures”.

Initial Conditions

In addition to the boundary conditions, the user must establish the
initial conditions of the system at the beginning of the unsteady flow
simulation. Initial conditions consist of flow and stage information at
each of the cross sections, as well as elevations for any storage areas
defined in the system. Initial conditions are established from within
the Unsteady Flow Data editor by selecting the Initial Conditions tab.
After the Initial Conditions tab is selected, the Unsteady Flow Data
editor will appear as shown in Figure 8-8.
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As shown in Figure 8-8, the user has two options for establishing the
initial conditions of the system. The first option is to enter flow data
for each reach and have the program perform a steady flow backwater
run to compute the corresponding stages at each cross section. This
option also requires the user to enter a starting elevation for any
storage areas that are part of the system. This is the most common
method for establishing initial conditions. Flow data can be changed at
any cross section, but at a minimum the user must enter a flow at the
upper end of each reach. To add additional river station locations to
the table use the Add RS button. If the river system is dendritic (no
loops anywhere in the system), the user can leave all of the flow data
fields blank. When this is done the software gets flow data from the
first value of all of the boundary condition hydrographs (Upstream and
lateral inflows). Flows are set from upstream to downstream by
adding flows together at junctions as appropriate.

The user can also enter an initial water surface elevation for all storage
areas in the model. A storage area can start out dry by entering the
minimum elevation of the storage area. The button called Import
Min SA Elevations is an option to assist in getting the minimum
elevation for any storage area. A new option introduced into HEC-RAS
since version 5.0, is that user’s can leave storage area elevations
blank. If a storage area’s initial conditions is left blank then generally
it will start out dry. However, if that storage area is connected to a
lateral structure, and the water surface in the river is higher than the
lateral structures minimum weir elevation, then the storage area will
be set to an average elevation of the water surface going over the
weir. This option is very useful for setting the initial conditions in
storage areas that are hydraulically connected right at the beginning of
the simulation. Additionally, if a storage area is an upstream
boundary of a river reach, and the initial conditions are left blank, then
the storage area will be set to the same water surface elevation at the
upstream cross section of that reach.

A second method is to read in a file of stages and flows that were
written from a previous run, which is called a “Restart File.” This
option is often used when running a long simulation time that must be
divided into shorter periods. The output from the first period is used as
the initial conditions for the next period, and so on. Additionally, this
option may be used when the software is having stability problems at
the very beginning of a run. Occasionally the model may go unstable
at the beginning of a simulation because of bad initial conditions.
When this happens, one way to fix the problem is to run the model
with all the inflow hydrographs set to a constant flow, and set the
downstream boundaries to a high tailwater condition. Then run the
model and decrease the tailwater down to a normal stage over time
(use a stage hydrograph downstream boundary to do this). Once the
tailwater is decreased to a reasonable value, those conditions can be
written out to a file, and then used as the starting conditions for the
unsteady flow run.

Another option available is to set the initial flow and stage from a
profile from a previous run. This option can be selected from the File
menu, and it is called Set Initial Conditions (flow and stage) from
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previous output profile. When this option is selected, a window will
appear allowing the user to select a plan and profile from an existing
run in the project. Once the OK button is selected, then all of the
flows and stages from that plan/profile will be set for the initial
conditions of the current unsteady flow file. This option can be very
handy when the initial conditions are causing some oscillation or
stability problems in the run.

k. Unsteady Flow Data - PMF Flow Data and BC- = | B s 1
File Options Help

&pply Daka I

Boundary Conditions
Initial Flow Distribution Method

" Use a Restart File Filename: | EI
' Enter Initial flow distribution (Optional - leave blank to use boundary condtions)

Add RS... |

River Reach RS Initial Flow
1|Russian DamtoOcean 528954.4 | 1000
2| Russian DamtoOcean 230416.8 | 3500
3| Russian DamtoOcean 127973.8 |6500

Initial Elevation of Storage Areas/2D Flow Areas (Optional) Import Min SA Elevation(s) |
[T Keepinitial elevations constant during warmup @
Storage Area /2D Flow Area Initial Elevation -
1|35 620.8
2| 388 572.9 o
3367 523.6
4| 368 540.9
5(389 502.8
o370 383.5
7773 137
8|774 126.6 |

Initial internal water surface elevations set

Figure 8-8. Initial Conditions Editor.
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Unsteady Flow Data Options

Several options are available from the Unsteady Flow Data editor to
assist users in entering and viewing the data. These features can be
found under the Options menu at the top of the window. The
following options are available:

Delete Boundary Condition. This option allows the user to delete a
boundary condition from the table. To use this option, first select the
row to be deleted with the mouse pointer. Then select Delete
Boundary Condition from the options menu. The row will be deleted
and all rows below it will move up one. Only user inserted boundary
conditions can be deleted from the table. If the boundary condition is
an open end of the system, the system will not allow that boundary to
be deleted. There must always be some type of boundary condition at
all the open ends of the system.

Internal RS Initial Stages. This option allows the user to specify
starting water surface elevations for any internal cross section within
the system. A common application of this would be to specify the
starting pool elevation for the first cross section upstream of a dam
(modeled with the inline structure option). The user specifies locations
and water surface elevations, which are then used to establish the
initial conditions of the system at the beginning of a run.

Flow Minimum and Flow Ratio Table. This option brings up a
global editor that will show all the locations in which flow hydrographs
have been attached as boundary conditions. The editor allows the
user to enter a minimum flow or a flow factor for each flow hydrograph
boundary condition. The minimum flow option will prevent any flow
read from either HEC-DSS or a user entered hydrograph from going
lower than the user specified minimum. Values that are lower than
the minimum specified are automatically changed to the minimum
value. The flow factor option allows the user to specify a factor to be
multiplied by all ordinates of the flow hydrograph. This option is
commonly used in planning type studies for performing sensitivity
analysis (i.e. what if the flow were 20% higher?).

Observed (Measured) Data. This option allows the user to enter
observed data in the form of Time Series stored in HEC-DSS, high
water marks, or an observed rating curve at a gage. When an
observed time series is attached to a specific river station location, the
user can get a plot of the observed flow or stage hydrograph on the
same plot as the computed flow and stage hydrographs. Additionally
the observed data will show up on profile and cross section plots. If
high water marks are entered, they will show up on the cross section
and profile plots when the Max Water Surface profile is being plotted.
If an observed Rating curve from a gage is entered it will appear on
the rating curve plot for comparison to the computed stage verses flow
values.

To use the observed time series option, the user selects Time Series
In DSS from the Options/Observed Data menu of the Unsteady
Flow Data editor. When this option is selected a window will appear as
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shown in Figure 8-9. As shown in the figure below, the user first
selects a river, reach, and river station. Then the user presses the
Add selected location to table button in order to select a location to
attach observed data. This should be done for all the locations in
which you have observed data. The next step is to open up the DSS
file that contains the observed data. This is accomplished by pressing
the open file button, which is next to the DSS filename field. When a
DSS file is selected, a list of the available pathnames contained in that
DSS file will show up in the lower table. To attach a DSS pathname to
a particular river station, first select the river station row from the
upper table. Then select the DSS pathname row from the lower table.
Finally, press the button labeled Select DSS Pathname. Repeat this
process for every location in which you wish to attach observed data.
If you are going to have more than one data type (such as stage and
flow) at a particular river station, you must have two entries in the
upper table for that river station.

-
Set Locations and Paths for Observed Data i

River: |BoyntonSlough vl Delete row from table
Reach: [Tributary | Riverstm.: [15758.67  +| Add selectsd location to table |

River Reach RS DnDist |  DSSFle | Part A | PartB | PartC | PartD I PartE I PartF
1[Truckee Upper 41361.23 0 d:\HEC Data\HEC- TRUCKEE UPPER| RENO STAGE 011AN1997 1HOUR 97 0BS
2| Truckee Upper 41361.23 [ d:\HEC Data\HEC-| TRUCKEE LUFPER | RENO FLOW 01IAN1397 1HOUR 97 OBS
3| Truckee Lower 11496.09 0 |
4| Truckee Lower 11496.09 0 d:\HEC Data\HEC- TRUCKEE LOWER |NEWVISTA FLOW 01IAN1997 1HOUR 97 0BS

D55 File: Id:\HEC Data'\HEC-RAS Projects Truckee \TruckeeRiv.dss LI EI Update Catalog

Part A | PartB | PartC | PartD | PartE | PartF

Filker |5TAGE |97 0BS
1| TRUCKEE LOWER STAGE 01DEC19%6 57 OBS
F] TRUCKEE LOWER A STAG 997

3| TRUCKEE UPPER 01DEC19%6

4| TRUCKEE UPPER. 01JAN1997

Select DSS Pathname | (== previous || mext == |
I Plot Selected Pathname oK Cancel

Figure 8-9. Editor for Establishing Locations of Observed Data

To use the Observed High Water Marks option, select High Water
Marks from the Options/Observed Data menu of the Unsteady Flow
Data editor. When this option is selected the following window wiill
appear:
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High Water Marks for Comparisen |

River: - Add Multiple. .. | Delete F'.uwl
Reach: IKentw:md ;I River Sta.: IE.EIEI ;I Add an Obs. WS Location I
Observed W5 Location Observed Water
River Reach RS DnDist  |High Water

1|Beawver Creek Kentwood 5.99 220

2|Beaver Creek Kentwood 5.875 219.2

3|Beaver Creek Kentwood 5.75 218.4

4| Beaver Creek Kentwood 5.685 218.3

5|Beawver Creek Kentwood 5.61 218.1

6| Beaver Creek Kentwood 5.41 217.8 -

()4 Cancel Help

Figure 8-10. Observed High Water Marks Editor.

As shown in Figure 8-10, the user selects the River, Reach, and River
Station in which they want to enter an observed high water mark, then
they press the Add an Obs. WS Location button to establish a row in
the table to enter the value (or use Add Multiple to enter multiple
locations at one time). The high water mark is then entered in the
table under the column labeled High Water. If the high water mark is
not exactly at one of the user entered cross section locations, then the
user should pick the cross section just upstream of the observed
location and then enter the distance from that cross section to the
observed high water mark under the column labeled Dn Dist.

To use the Observed Rating Curve option, the user selects Rating
Curves (Gages) from the Options/Observed Data menu of the
Unsteady Flow Data editor. When this option is selected a window will
appear as shown below:

Steady Flow - Observed Rating Cumes-
Add | Delete | Gage Mame: IButte Cr. Gage ;I Rename ...

—Measured Rating Curve
River: IElutte Creek Obseved Rating Curves
: Stage (ft) | Flow (cfs) «
Reach: Tributa
ea I ributary ;I - o2 0
River Sta. o.1 ~|[ 2 72 50
Distance from the upstream IU 3 75 145
RS to the reference: 4 79 237
Description: IUSGS Stream gage on Butte Cr 5 81 352
=] a5 290
: 7 a0 2400
Measured Point Data ... | 3 m

Plot ... | Ok | Cancel |

Figure 8-11. Observed Rating Curve Editor.
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As shown in Figure 8-11, the user can Add or Delete a rating curve
by pressing one of the buttons at the top. For each rating curve the
user is required to select the River, Reach, and River Station that
corresponds to the location of the gage. If the gage is not located
exactly at one of the user entered cross sections, select the cross
section upstream of the gage and then enter a distance downstream
from that section to the gage. A description can optionally be entered
for the gage. Stage and flow values should be entered for the mean
value rating curve at that gage location. In addition to the mean
rating curve, the user can enter the actual measured points that went
into developing the rating curve. This is accomplished by pressing the
Measured Point Data button, which will pop up another editor. In
the measured point data editor the user can enter the flow and stage
for each measured point that has been surveyed for the gage.
Additionally a description can be added for each point (i.e. 72 flood,
slope-area measurement, etc...). If measured point data are also
entered, then that data will show up on the rating curve plot when
comparing the computed water surfaces to the observed.

Water Temperature (for Unsteady Sediment). This option allows
the user to put in a time series of water temperature data to be used
in conjunction with the Unsteady Flow Sediment Transport capabilities.
Water Temperatures are used for Fall velocities in computing sediment
deposition.

Saving the Unsteady Flow Data

The last step in developing the unsteady flow data is to save the
information to a file. To save the data, select the Save Unsteady
Flow Data As from the File menu on the Unsteady Flow Data editor.
A pop-up window will appear prompting you to enter a title for the
data.
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Performing Unsteady Flow Calculations

Once all of the geometry and unsteady flow data have been entered,
the user can begin performing the unsteady flow calculations. To run
the simulation, go to the HEC-RAS main window and select Unsteady
Flow Analysis from the Run menu. The Unsteady Flow Analysis
window will appear as in Figure 8-12 (except yours may not have a
Plan title and short ID).

¥ Unsteady Flow Simulation

|¥ Post Processor
[ Floodplain Mapping

oo ==
i File Options Help

Flan : [57 Flood Existing Conditions - 31 ShortID |97Exist 31
Geometry File : IExisting Conditions Geometry 31 ;I
IUnsteady Flow File ; IEI? Flood Event ;I

Plan Description :
—Programs to Run ——— EI
v Geometry Preprocessor

[T sediment

— Simulation Time Window

Starting Date: |3UDEC1996 :l Starting Time: IEZUD
Ending Date: |DEJAN199? | Ending Time: |15uu

—Computation Settings

Computation Interval; 1 Minute - I Hydrograph Cutput Interval: | 1 Hour - I
Mapping Output Interval: |1 Hour - I Detailed Output Interval: 4 Hour - I
[T Computation Level Output

D55 Output Filename: |d:‘|.HEC Data\HEC-RAS\Projects \Truckee {TruckeeRiv . dss EI
[~ Mixed Flow Regime (see menu: "Options Mixed Flow Options ...")

Flow roughness changes

Figure 8-12. Unsteady Flow Analysis Window

Defining a Plan

The first step in performing a simulation is to put together a Plan. The
Plan defines which geometry and unsteady flow data are to be used,
as well as provides a description and short identifier for the run. Also
included in the Plan information are the selected programs to be run;
simulation time window; computation settings; and the simulation
options.
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Before a Plan is defined, the user should select which geometry and
unsteady flow data will be used in the Plan. To select a geometry or
unsteady flow file, press the down arrow button next to the desired
data type. When this button is pressed, a list will appear displaying all
of the available files of that type that are currently available for the
project. Select the geometry and unsteady flow file that you want to
use for the current Plan.

To establish a Plan, select Save Plan As from the File menu on the
Unsteady Flow Analysis window. When Save Plan As is selected, a
window will appear prompting you to enter a title for the Plan. After
you enter the title, press the OK button to close the window and
accept the title. The user will also be prompted to enter a short
identifier for the Plan. The short identifier is limited to 12 characters.
It is very important to enter a short identifier that is descriptive of the
Plan. When viewing multiple plan output from the graphics and tables,
the Short ID will be used to identify each Plan.

Selecting Programs to Run

There are three components used in performing an unsteady flow
analysis within HEC-RAS. These components are: a geometric data
pre-processor; the unsteady flow simulator; and an output post-
processor. Additionally, there is an option to automate the process of
computing a Static flood inundation map (Depth Grid), or other static
map layers (i.e. Arrival time grids, flood duration grids, etc...) after the
unsteady flow simulation has finished. Computing static (Grids to
disk) inundation maps is accomplished by checking the Floodplain
Mapping option under the Programs to Run area. However, this
option will only work if you have previously set up the computation of
Static Map Layers for this particular Plan in HEC-RAS Mapper. Please
see the Chapter on HEC-RAS Mapper in this document, for details on
how to do this.

Geometric Preprocessor

The Geometric Preprocessor is used to process the geometric data into
a series of hydraulic properties tables, rating curves, and family of
rating curves. This is done in order to speed up the unsteady flow
calculations. Instead of calculating hydraulic variables for each cross-
section, during each iteration, the program interpolates the hydraulic
variables from the tables. The preprocessor must be executed at
least once, but then only needs to be re-executed if something
in the geometric data has changed.

Cross Section Property Tables

Cross sections are processed into tables of elevation versus hydraulic
properties of areas, conveyance, and storage. The preprocessor
creates hydraulic property tables for the main channel, and the
floodplain. The floodplain hydraulic property tables are a combination
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of the left overbank and right overbank properties summed together in
a single set of curves called the “Floodplain”. The Unsteady flow
engine uses a simple arithmetic average of the left and right overbank
reach lengths in order to compute a floodplain reach length (i.e. the
floodplain reach length is computed as the left overbank reach length
plus the right overbank reach length, then divide by 2). The floodplain
reach length is used to calculate storage volume, friction losses, etc...
and all other hydraulic properties used in the continuity and
momentum equation for the floodplain area. This is different than
what is done in the steady flow computational program, in which it
computes left overbank and right overbank hydraulic properties
separately.

Each hydraulic property table contains a minimum of 21 points (a zero
point at the invert and 20 computed values), and can have up to a
maximum of 100 points. The user is required to set an interval to be
used for spacing the points in the cross section tables. The interval
can be the same for all cross sections or it can vary from cross section
to cross section. This interval is very important, in that it will define
the limits of the table that is built for each cross section. On one
hand, the interval must be large enough to encompass the full range
of stages that may be incurred during the unsteady flow simulations.
On the other hand, if the interval is to large, the tables will not have
enough detail to accurately depict changes in area, conveyance, and

storage with respect to elevation.

The interval for the cross section tables is defined as part of the
geometric data. To set this interval, the user selects the HTab

F‘I:I:fn Parameters (Hydraulic Table Parameters) button from the
' Geometric Data editor. When this option is selected, a window will
appear as shown in Figure 8-13.
Cross Section Table Propeties “]
River: (all Rivers) = Selected Area Edit Options I

Reach: -

Vertical Discretization (hydraulic properties) Herizental (velodty mapping) Cross section plotis for the current row in the table

Add Constant ...

Multiply Factor ... |

Set Values ...

Copy Invert |

Reset Defaults ‘

River

Reach

RS

Chan Min

Starting Bl | Increment | Points(20-500) | LOB [ Chan | ROB

Beaver Creek

Kentwood

5.99

209.9

210.9

0,51

Beaver Creek

Kentwood

5.97

209.49

Beaver Creek

Kentwood

5.951

209.08

Beaver Creek

Kentwood

5.93

208.67|

Beaver Creek

Kentwood

5.913

208.27|

Beaver Creek

Kentwood

5.894

207.86

Beaver Creek

Kentwood

5.875

207.45

=0 = T S e e

Beaver Creek

Kentwood

5.855

207.04|

9|Beaver Creek

Kentwood

5.836

206.63

10 |Beaver Creek

Kentwood

5.81

206.23

11|Beaver Creek

Kentwood

5.798

205.82|

12(Beaver Creek

Kentwood

STLE

205.41

13(Beaver Creek

Kentwood

576

205

14|Beaver Creek

Kentwood

5.741

204,93

210,49
210,08
209.67
209.27
203.86
203.45
208.04
207.63
207.23
206.82
206.41

206
205,93

0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.61
0.62
0.63
0.54
0.65

HEEIEEEEEEEEEEE

th ;o o, ;e

;i e, ;e

R R I A A A A N

ae JEN |

Bevalon db

Beaver Creck

Kentacod 58 B

HTen

Simmen
Ok Cancel

Figure 8-13.

Hydraulic Table Parameters for Cross Sections

As shown in Figure 8-13, the table contains three columns in which the
user can enter a Starting Elevation, Increment, and Number of Points.
The first time the user opens this editor all of the columns are
automatically filled. The starting elevation columns are automatically
filled to an elevation one foot higher than the invert. However, the
user can change the starting elevation values to whatever they want.
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The second and third columns are used for the table increment and the
number of points. These two variables will describe the extent to
which the table encompasses the cross section data. A default value
will be set for the increment and the number of points. Normally the
increment will be set to one foot, and the number of points will be set
to a value that will allow the table to extend to the top of the cross
section. If this combination would end up with less than 20 points,
then the number of points is set to 20 and the increment is reduced to
get the table to the top of the cross section. The user can set these
values individually for each cross section, or they can highlight a series
of cross sections and use the Set Values button to enter the value for
all of the highlighted sections. Other options are available to multiply
highlighted fields by a factor or add a constant to all of them.
Additionally, cut, copy, and paste are available for manipulating the
data (using standard windows function keys). Warning: The
hydraulic tables for cross sections must be high enough to
capture all possible water surface elevations. Itis up to the
user to ensure that the combination of the increment and
number of points produces a table that will extend to a high
enough elevation. If the computed water surface goes above
the table, properties are extrapolated by extending the last to
points linearly. This extrapolation can often cause the model to
go unstable.

Three additional fields are also in the table, under the heading of
“Horizontal Velocity Mapping”. These fields are used for computing
more detailed velocity estimates within a cross section, than the
default of a single average value in the left overbank, main channel,
and the right overbank. These fields can be used to enter a number of
slices to further discretize the computation of average velocities within
a cross section. These vertically and horizontally averaged velocities
are used for mapping velocity within the 1D cross sectional flow fields.

Once the Geometric preprocessor is run, the user can view the cross
section hydraulic property tables for the channel and floodplain from
the HEC-RAS interface.

Hydraulic Structure Property Tables

Hydraulic structures, such as bridges and culverts, are converted into
families of rating curves that describe the structure as a function of
tailwater, flow, and headwater. The user can set several parameters
that can be used in defining the curves. To set the parameters for the
family of rating curves, the user can select the “HTab Parameters”
button from the Bridge and Culvert editor or from the Storage
Area Connection editor. When this button is pressed, the window in
Figure 8-14 will appear:
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Parameters for raulic Property Tables ﬁ
perty

Mumber of points an free flow curve: 0

Mumber of submerged curves: 0

111

Mumber of points on each submerged curves: |20

Apply number of points to all bridges and culverts

Head water maximum elevation: 225
Tail water maximum elevation (Optional):

Maximum Flow (Recommended): 50000

A1

(04 | Cancel

Figure 8-14. Hydraulic Properties Table for Bridges/Culverts

As shown in Figure 8-14, the user can set the number of points to be
computed on the free-flow rating curve (maximum of 100 points); the
number of submerged curves to be computed (maximum of 60); and
the number of points on the submerged curves (maximum of 50). The
default values for these parameters are 50, 50, and 20 respectively.
Additionally, the user can refine the curves by setting limits on the
extent of the curves. This can be accomplished by entering the head
water maximum elevation (required), tail water maximum elevation
(optional), and the maximum possible flow (recommended). In
general, the curves will come out better if the user enters a
headwater maximum elevation and a maximum flow rate.

Viewing the Preprocessor Hydraulic Properties Tables

Once Hydraulic Table parameters have been entered for the cross
sections and the structures, and the preprocessor has been run, the
user can view the computed curves by either selecting Hydraulic
Property Plots from the View menu of the main HEC-RAS window, or
by pressing the HT button on the main HEC-RAS window. When this
option is selected the following window will appear.
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Figure 8-15. Plot of Hydraulic Property Tables Computed by the Preprocessor.

As shown in Figure 8-15, the user can plot properties for cross
sections, internal boundaries (Bridges and culverts), or storage area
connections by selecting the type of plot from the Type menu option.
Additionally the information can be viewed in tabular form by selecting
the Table tab on the plot. The user should view all of the
computed curves for their model closely to ensure that they are
hydraulically appropriate.

Structures that are gated, such as gated spillways, are not converted
into curves because it would require a new family of curves for each
possible gate setting. The hydraulics through gated structures is
calculated on the fly during the unsteady flow calculations. No
hydraulic table parameters are required for gated structures.
Additionally, if a storage area connection is set up as a weir only, it
can either be preprocessed into curves, or the user has the option of
having the program compute the hydraulics on the fly for each time
step.
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Unsteady Flow Simulation

The unsteady flow computational program in HEC-RAS uses the same
hydraulic calculations (cross section properties, bridge and culvert
hydraulics, weirs, gated structures, etc...) that HEC developed for
steady flow, however, the solution of the unsteady flow equations
(Continuity and momentum equation) are solved using a unique
skyline matrix solver developed by Dr. Robert Barkau for his UNET
(Unsteady NETwork model) program. The unsteady flow simulation is
actually a three-step process. First data is read from HEC-DSS, if
necessary, and then converted into the user specified computation
interval. Next, the RasUnsteady.exe program runs. This software
reads the hydraulic properties tables computed by the pre-processor,
as well as the boundary conditions and flow data from the interface.
The program then performs the unsteady flow calculations. The final
step is a program called RasDSSWriter.exe. This software takes the
results from the RasUnsteady.exe run and writes the stage and flow
hydrographs to an HEC-DSS file.

Post-Processor

The Post-Processor is used to compute detailed hydraulic information
for a set of user specified time lines during the unsteady flow
simulation period. In general, the unsteady flow computations only
compute stage and flow at all of the computation nodes, as well as
stage and flow hydrographs at user specified locations. If the Post
Processor is not run, then the user will only be able to view the
stage and flow hydrographs, and inundation mapping (HEC-RAS
Mapper), no other output from HEC-RAS. By running the Post
Processor, the user will have all of the available plots and tables for
unsteady flow that HEC-RAS normally produces for steady flow.

By default, the Post-Processor will compute detailed output for a
maximum stage water surface profile. This profile does not represent
any specific instance in time, but rather represents a profile of the
maximum stage that occurred at each cross section during the entire
simulation. This profile is often useful for getting a quick view of the
maximum extent of flooding during a specific event. If you only want
to get this maximum envelope profile, then simple select “Max. Prof.”
from the Detailed Output Interval drop down list.

In addition to the maximum water surface profile, the user can request
the software to write out a series of instantaneous profiles at a specific
time interval. This is accomplished from the Computation Settings
section of the Unsteady Flow Analysis window. The user turns on
this option by selecting an interval from the box labeled Detailed
Output Interval. The Post-Processor will then compute detailed
output for each of the instantaneous profiles requested, as well as the
maximum stage envelope profile. When the unsteady flow program
runs, flow and stage water surface profiles are written to DSS for the
entire system, starting with the beginning of the simulation and then
at the user specified time interval for the entire simulation.
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When the Post-Processor runs, the program reads from HEC-DSS the
maximum water surface profile and the instantaneous profiles (stages
and flows). These computed stages and flow are sent to the HEC-RAS
steady flow computation program RasSteady.exe. Because the stages
and flows are already computed, the RasSteady.exe program does not
need to calculate a stage, but it does calculate all of the hydraulic
variables that are normally computed for steady flow. This consists of
over three hundred hydraulic variables that are computed at each
cross section for each flow and stage.

WARNING: The purpose of the post processor is to compute
hydraulic output variables that are not computed by the
Unsteady Flow computational engine. However, the Post
Processor is actually just the Steady Flow computational
engine. There are a few differences between assumptions
made in the steady flow and the unsteady flow computations
engines that will affect some of the post processor output. For
example, the unsteady flow engine combines the left and right
overbanks areas into a single “Floodplain” flow area, while the
steady flow engine computes hydraulics for the left and right
overbank separately. Therefore, some of the post processor
output is computed like the steady flow program performs
computations, even though the unsteady flow program makes
some different assumptions. Specifically, the computation of
left and right overbank cumulative volumes is based on
separate reach lengths in the steady flow program, and the
post processor. However, the unsteady flow program combines
the left and right overbank hydraulic properties in the
equations, and uses a simple average of the two overbank
lengths to compute volumes between the cross sections in the
floodplain area. Also, the bridge computations are performed
with a set of pre computed curves in the unsteady flow engine,
while the steady flow engine computes the hydraulics through
the bridge each time. These differences can lead to some small
differences in some of the post processor output, as compared
to how the Unsteady flow engine actually performs hydraulic
calculations.

At hydraulic structures such as bridges and culverts, the unsteady flow
program only reports the stage just upstream and downstream of the
structure. During the Post-Processing of the results, the Steady.exe
program calculates the hydraulics of the structures by using the
computed tailwater and flow, and then performing detailed hydraulic
structure calculations. This is done so that the user can see detailed
hydraulic information inside of the hydraulic structures for each of the
profiles that are being post processed. However, this process can
produce slightly different results for the upstream headwater
elevation. Occasionally, you may notice a water surface elevation
computed from the Post-Processor that is higher at the structure than
the next upstream sections water surface. This difference is due to
the fact that the unsteady flow simulation uses a pre-computed family
of rating curves for the structure during the unsteady flow calculations.
The program uses linear interpolation between the points of the rating
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curves to get the upstream headwater for a given flow and tailwater.
The Post-Process performs the calculations through the structure and
does not use rating curves (it solves the actual structure equations).

Once the Post-Processor is finished running, the user can view output
from all of the HEC-RAS plots and tables. The maximum water surface
profile and user specified instantaneous profiles can be viewed by
selecting Profiles from the Options menu on each of the output
windows (tables or plots). The overall maximum water surface profile
will be labeled “Max W.S.”, while the instantaneous profiles are
labeled by the date and time. For example, a profile from January 5,
1999 at 1:00 p.m. would be labeled “05Jan1999 1300".

WARNING: Specifying a detailed output interval for post
processing that is small can lead to long computational times
and huge output files. Select this interval wisely, in that you
only get detailed output when you really need it.

Simulation Time Window

The user is required to enter a time window that defines the start and
end of the simulation period. The time window requires a starting date
and time and an ending date and time. The date must have a four
digit year and can be entered in either of the two following formats:
05Jan2000 or 01/05/2000. The time field is entered in military
style format (i.e. 1 p.m. is entered as 1300).

Unsteady Flow Computation Settings

The Computation Settings area of the Unsteady Flow Analysis window
contains: the computational interval; hydrograph output interval;
detailed output interval; Mapping Output Interval; a computation level
output flag; the name and path of the output DSS file, and whether or
not the program is run in a mixed flow regime mode.

The computation interval is used in the unsteady flow calculations.
This is probably one of the most important parameters entered into
the model. Choosing this value should be done with care and
consideration as to how it will affect the simulation. The computation
interval should be based on several factors. First, the interval should
be small enough to accurately describe the rise and fall of the
hydrographs being routed. A general rule of thumb is to use a
computation interval that is equal to or less than the time of rise of the
hydrograph divided by 20. In other words, if the flood wave goes from
its base flow to its peak flow in 10 hours, then the computation
interval should be equal to or less than 0.5 hours (30 Minutes). This
way of estimating the time step tends to give an upper boundary as to
what the value should be.

A second way of computing the appropriate time step is by applying a
numerical accuracy criteria called the Courant condition. The Courant
condition criteria looks at cross section spacing and flood wave
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velocity. The basic premise is that the computational interval should
be equal to or less than the time it takes water to travel from one
cross section to the next. A detailed description of the Courant
condition can be found under the Model Accuracy, Stability, and
Sensitivity section of this chapter. Use of a time step based on the
Courant condition will give the best numerical solution, but it may
cause the model to take a lot longer to run.

Additional considerations must be made for hydraulic structures, such
as bridges, culverts, weirs, and gated spillways. Within bridges and
culverts, when the flow transitions from unsubmerged to submerged
flow, the water surface upstream of the structure can rise abruptly.
This quick change in water surface elevation can cause the solution of
the unsteady flow equations to go unstable. One solution to this
problem is to use a very small time step, on the order of 1 to 5
minutes. This allows the module to handle the changes in stage in a
more gradual manner. Additionally, when gates are opened or when
flow just begins to go over a lateral weir, the change in stage and flow
can be dramatic. Again, these types of quick changes in stage and
flow can cause the solution of the unsteady flow equations to go
unstable. The only solution to this problem is to shorten the
computational time step to a very short interval. This may require the
user to set the value as low as 1 to 5 minutes. The time step should
be adjusted to find the largest value that will still solve the equations
accurately. Additional variables that affect stability are the number of
iterations and the Theta weighting factor. These two variables are
discussed under the calculation tolerances section below.

The Hydrograph Output Interval is used to define at what interval
the computed stage and flow hydrographs will be written to HEC-DSS.
This interval should be selected to give an adequate number of points
to define the shape of the computed hydrographs without losing
information about the peak or volume of the hydrographs. This
interval must be equal to or larger than the selected computation
interval.

The Detailed Output Interval field allows the user to write out
profiles of water surface elevation and flow at a user specified interval
during the simulation. Profiles are not written for every computational
time step because it would require too much space to store all of the
information for most jobs. Also, when the Post-Processor is run, the
program will compute detailed hydraulic information for each one of
the instantaneous profiles that are written. This option is turned on by
selecting an interval from the drop-down box next to the detailed
hydrograph output label. The selected interval must be equal to or
greater than the computation interval. However, it is suggested that
you make this interval fairly large, in order to reduce the amount of
post-processing and storage required for a detailed hydraulic output.
One example for selecting this variable would be, if the time window of
the simulation was set at 72 hours, then one might want to set the
instantaneous profiles to an interval of every 6 hours. This would
equate to 13 profiles being written out and having detailed hydraulic
information computed for them.
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Mapping Output Interval. This field is used to enter the interval at
which the user will be able to visualize mapping output within HEC-
RAS Mapper. A limited set of output is written to a separate HDF5
output file that corresponds to the Plan file. For example, if you are
running Plan 1, the Plan filename will be something like
“filename.p01”. An output file will be written out by the unsteady flow
computational program, with the name “filename.p0l1.hdf’. This file
will contain results from the unsteady flow simulation, written out at
the interval the user defines for the Mapping Output Interval. The
user will then be able to visualize spatial mapping output in HEC-RAS
Mapper based on this time interval.

Computation Level Output. This option will instruct the program to
write out a limited set of variables for each cross section at each
computational time step to a separate output file. The variables that
are written to this file are: water surface elevation; flow; maximum
depth of water in the main channel; numerical error in the calculated
water surface elevation; numerical error in the calculated flow;
average velocity in the channel; and average velocity of the entire
section. After a simulation is complete the user can plot and tabulate
each of these variables spatially, or as a time series at an individual
cross section. Because this output is at the computational time step
level, it can be very useful in debugging model stability problems. The
user can get to plots and tables of this information by selecting the
Unsteady Flow Spatial Plot or the Unsteady Flow Time Series
Plot options from the View menu of the main HEC-RAS window.
Detailed descriptions of plotting and tabulating this output can be
found under the Viewing Results Chapter of this manual.

Warning: Turning the Computation Level Output option on can
create very large output files and it will also potentially slow down the
computations. This option writes several output variables to a file for
all locations in the model and for every computational time step. If
you have a large data set and/or are running it for a long simulation
time period, this file will be very large.

The field labeled DSS Output Filename is required before an
execution can be made. The program will always write some results to
a HEC-DSS file, so the user is required to select a path and filename to
be used for this information. Hydrographs written to the DSS file are
based on the user selected hydrograph output locations, as well as
some default locations that HEC-RAS will always output a hydrograph.

Mixed Flow Regime. When this option is selected, the program will
run in a mode such that it will allow subcritical flow, supercritical flow,
hydraulic jumps, and draw downs (sub to supercritical transitions).
This option should only be selected if you actually have a mixed
flow regime situation. The methodology used for mixed flow regime
analysis is called the Local Partial Inertia (LPI) solution technique
(Fread, 1996). When this option is turned on, the program monitors
the Froude number at all cross section locations for each time step. As
the Froude number gets close to 1.0, the program will automatically
reduce the magnitude of the inertial terms in the momentum equation.
Reducing the inertial terms can increase the models stability. When
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the Froude number is equal to or greater than 1.0, the inertial terms
are completely zeroed out and the model is essentially reduced to a
diffusion wave routing procedure. For Froude numbers close to 1.0,
the program will use partial inertial effects, and when the Froude
number is low, the complete inertial effects are used.

Note: more information about mixed flow regime calculations can be
found in Chapter 16 of the HEC-RAS User’s manual.

Unsteady Flow Simulation Options

From the Options menu of the Unsteady Flow Analysis window, the
following options are available: stage and flow output locations; flow
distribution locations; flow roughness factors; seasonal roughness
factors; unsteady encroachments; dam breach; levee breach; ungaged
lateral inflows; mixed flow options; time slicing; calculation options
and tolerances; output options; friction slope methods for cross
sections and bridges; initial backwater flow optimizations; run time
computational options; checking data before execution, viewing the
computation log, and viewing the computational log file.

Stage and Flow Output Locations. This option allows the user to
specify locations where they want to have hydrographs computed and
available for display. By default, the program sets locations of the first
and last cross section of every reach. To set the locations, the user
selects Stage and Flow Output Locations from the Options menu
of the Unsteady Flow Analysis window. When this option is selected a
window will appear as shown in Figure 8-16.
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Figure 8-16. Stage and Flow Hydrograph Output Window.

As shown in Figure 8-16, the user can select individual locations,
groups of cross sections, or entire reaches. Setting these locations is
important, in that, after a simulation is performed, the user will only
be able to view stage and flow hydrographs at the selected locations.

Flow Distribution Locations. This option allows the user to specify
locations in which they would like the program to calculate flow
distribution output. The flow distribution option allows the user to
subdivide the left overbank, main channel, and right overbank, for the
purpose of computing additional hydraulic information.

The user can specify to compute flow distribution information for all
the cross sections (this is done by using the Global option) or at
specific locations in the model. The number of slices for the flow
distribution computations must be defined for the left overbank, main
channel, and the right overbank. The user can define up to 45 total
slices. Each flow element (left overbank, main channel, and right
overbank) must have at least one slice. The flow distribution output
will be calculated for all profiles in the plan during the computations.
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Flow Roughness Factors. This option allows the user to adjust
roughness coefficients with changes in flow. This feature is very useful
for calibrating an unsteady flow model for flows that range from low to
high. Roughness generally decreases with increases flow and depth.
This is especially true on larger river systems. This feature allows the
user to adjust the roughness coefficients up or down in order to get a
better match of observed data. To use this option, select Flow
Roughness Factors from the Options menu of the Unsteady Flow
Simulation manager. When this option is selected, a window will
appear as shown in Figure 8-17.

As shown in Figure 8-17, the user first selects a river, reach, and a
range of cross sections to apply the factors to. Next a starting flow,
flow increment, and a number of increments is entered. Finally, a
roughness factor is entered into the table for each of the flows.
Between the user entered flows, the model will use linear interpolation
to obtain a roughness factor. If a flow is greater than the last user
entered value, then that value is held constant. The user can create
several sets of these factors to cover a range of locations within the
model. However, one set of factors cannot overlap with another set of
factors. Hence, you can only apply one set of roughness change
factors to any given cross section.
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Figure 8-17. Flow versus Roughness Change Factors Editor

Seasonal Roughness Change Factors. This option allows the user
to change roughness with time of year. This feature is most
commonly used on larger river systems, in which temperature changes
can cause changes in bed forms, which in turn causes changes in
roughness. This factor can be applied in conjunction with the flow
roughness change factors. When applying both, the seasonal
roughness factor gets applied last.

To use this option, select Seasonal Roughness Factors from the
Options menu of the Unsteady Flow Simulation manager. When this
option is selected a window will appear as shown in Figure 8-18.

As shown in Figure 8-18, the user first selects a river, reach, and
range of river station to apply the factors to. Next the user enters the
day and month in the Day column, for each time that a new roughness
factor will be entered. By default the program will automatically list
the first of each month in this column. However, the user can change
the day to whatever they would like. The final step is to then enter
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the roughness change factors. During the simulation, roughness
factors are linearly interpolated between the user entered values.

Geometry - Seasonal Roughness Change Factors

Roughness Factor Data
Set: |ri'-.-': Mississippi Riv rchi:Lower rs:953.03 to 922 Ij

Add | Copy | Delete | ﬂﬂ
Riwer: |Mississippi Rliv j
Reach: |L|:|'.f-.'er ﬂ
Upstream Riv Sta: 953.03 hd

Downstream Riv Sta: L HICKM -

Day (ex 15MAY) | Roughness Factor || «
_1)011AN 1,15
_2|01FER 1.15
_3|01MAR 1.1
_4|01APR 1.1
5| 01MAY 1.05
_6]01JUN 1
70130 0.95
8| 01AUG 0.95
_9|01sEP 1
10| 010CT 1.05
11| 01MOY 1.1
12| 01DEC 1.1 |
oK | Cancel |

Figure 8-18. Seasonal Roughness Factors Editor

Automated Roughness Calibration. This option allows the user to
perform an automated manning’s n value calibration for an unsteady
flow model. The results of this option are a set of flow versus
roughness relationships, that can be applied in order to obtain a model
that is calibrated from low to high flows.

To use this option, the user should first adjust the base Manning’s n
values (Channel and overbank values) in order to get a reasonable
starting point for the automated calibration technique. The base set of
Manning’s n values should be within what is considered to be
reasonable values for the type of river and overbank land use they are
being applied to.

After a base set of Manning’s n values are established, the user must
break up the model into reaches for the purpose of applying and
calibrating flow versus roughness factors. Once the flow versus
roughness factors are set up, then the automated calibration of those
reaches can be performed.

To use this option, select Automated Roughness Calibration from
the Options menu of the Unsteady Flow Simulation manager. When
this option is selected a window will appear as shown in Figure 8-19.
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-
Unsteady Roughness Calibration

The automated calibration procedure computes adjustments to existing flow roughness factors to follow observed stages. The flow roughness factors must already
be setin the geometry or plan and the observed stages must already be setin the unsteady flow data before implementing this calibration procedure.
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Limits to flow roughness factors:  Maximum factor: |1.7 Ending Date: |0SMAR2005 i  Ending Time: |12:00
Minimum factor: Igls
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4| Mississippi Lower Miss. 873 846 plan v Mississippi  Lower Miss, 873
5 | Mississippi Upper Miss 110.4 43.702 plan v Mississippi  Upper Miss ~ 110.4
& | Mississippi Upper Miss 28.57 1.39 plan v Mississippi  Upper Miss 28,57
7| Chio River QHS -961 981 plan v Chio River OHS -961
8| Ohio River OHS -944.1 91 plan v Chio River  OHS -244.1 =
—Forcing Internal Observed Flows —Forcing Internal Observed Stages ‘
I | River | Reach | RS | Force Observed Values I River Reach RS Force Observed Valug «
1 1| Mississippi |pper Miss 110.4 [N
2| Mississippi Upper Miss 43.7 r |
3| Mississippi Upper Miss 23.57 r
4| Mississippi Lower Miss. 953.5 l-
5| Mississippi Lower Miss.  |922 r
& | Mississippi Lower Miss,  |873 r
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Plot Flow-Roughness Calibration Results ... I oK | Cancel |

Figure 8-19. Automated Manning's n Value Editor

For a detailed discussion of the Automated Manning’s n value editor
and how to use this feature, please see Chapter 16 Advanced Features
for Unsteady Flow Routing.

Unsteady Flow Encroachments. This option allows the user to
perform an encroachment analysis using the unsteady flow simulation
option. Currently, encroachments are limited to method 1 within the
unsteady flow analysis module. In general the user should first
perform the encroachment analysis with the steady flow computations
module, as documented in Chapter 10 of this manual. Once a good
steady flow encroachment analysis is completed, the final
encroachments can be imported into the unsteady flow plan for further
analysis and refinement. The user will need to have two unsteady
flow plans, one without encroachments (representing the base flood)
and one with encroachments (representing the encroached floodplain).

To add encroachments to an unsteady flow plan, the user selects
Unsteady Encroachments from the Options menu of the Unsteady
Flow Simulation editor. When this option is selected the following
window will appear:
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River: |{.ﬁ.ll Rivers) j
Reach: | ﬂ Get Encroachments from Steady Flow Plan ... |
Selected Area Global Edits

Add Constant | Multiply Factor Set Values

e Encroachments)
River Reach RS Left Station | Right Station
I |_1[Beaver Creek  |Kentwood 5.99 330,12 258
1 2|Beaver Creek | Kentwood 5.95166% 334.79 1095,31
3|Beaver Creek | Kentwood 5.91333* 337.55 1207.04
4|Beaver Creek | Kentwood 5.875% 332.43 1251.37
5|Beaver Creek | Kentwood 5.83666% 319.27 1261.49
6|Beaver Creek | Kentwood 5.79833* 300.81 1262.91
7|Beaver Creek | Kentwood 5.76 283.43 1258.91
3|Beaver Creek  |Kentwood 5.7225% 313.98 1298.11
9|Beaver Creek | Kentwood 5.685% 358.24 1341.27
10|Beaver Creek | Kentwood 5.6475% 414.51 1380.63
|| | 11|Beaver creek  |Kentwood 5.61 431.56 1413.29
12|Beaver Creek  |Kentwood 5.57666% 437.35 1390.32
13|Beaver Creek | Kentwood 5.54333* 454.73 1350.93
14|Beaver Creek  |Kentwood 5.51% 435,56 1308.04
15|Beaver Creek | Kentwood 5. 47666 432,72 1261.06 [ -

Cancel

Figure 8-20. Unsteady Flow Encroachment Data Editor

As shown in Figure 8-20, the user can enter a left station and a right
station for the encroachments at each cross section. Additionally, the
user has the option to import the encroachments calculated from a
steady flow plan. This is accomplished by pressing the button labeled
Get Encroachments from Steady Flow Plan, which is shown in the
upper right part of the editor. When this button is pressed the user is
asked to select a previously computed steady flow plan, and a specific
profile from that plan. When the user presses the OK button, the
program will go and get the final computed encroachments from that
particular steady flow plan and profile.

Once all of the encroachments are entered, the user presses the OK
button to have the interface accept the data. However, this
information is not stored to the hard disk, the user must save the
currently opened plan file for that to happen. The next step is to run
the unsteady flow analysis with the encroachment data. The user
should have two unsteady flow plans, one without encroachments and
one with encroachments. Once both plans have been successfully
executed, then comparisons between the plans can be made both
graphically and in a tabular format.

Ungaged Lateral Inflows. This option can be used to automatically
figure out the contribution of runoff from an ungaged area, given a
gaged location with observed stage and flow. The software will
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compute the magnitude of the ungaged area hydrograph, based on
routing the upstream flow hydrograph and subtracting it from the
observed downstream flow hydrograph to get the ungaged inflow
contribution. This is an iterative process, in which the program figures
out a first estimate of the ungaged inflow, then reroutes the upstream
and ungaged inflow again, until the routed hydrograph matches the
downstream observed hydrograph within a tolerance. More details of
this simulation option can be found in Chapter 16 of this manual.

Mixed Flow Options. This option allows the user to change the
parameters that control the computations of mixed flow regime within
the unsteady flow simulation. This option was described previously in
this chapter, under the section titled Computational Settings.
Please review that section of this chapter for the details of how to use
the mixed flow regime option and controlling the parameters. Also, a
detailed description of performing a mixed flow analysis with unsteady
flow can be found in Chapter 16 of this manual.

Time Slicing. This option allows the user to instruct the model to
perform time slicing when the model iterations reaches a user set
value. User’s must enter the number of iterations to trigger the time
slicing operation for a given time step. Users must also enter a
minimum time, such that the time slicing never goes below a user
specified minimum value.

Calculation Options and Tolerances. This option allows the user to
set some computation options and to override the default settings for
the calculation tolerances. These tolerances are used in the solution of
the unsteady flow equations. There are separate tabs for: General 1D
Options; 2D Flow Options; and 1D/2D Options. Warning !!! -
Increasing the default calculation tolerances could result in
computational errors in the water surface profile. When the
“Calculation Options and Tolerances: option is selected, a window will
appear as shown in Figure 8-21.
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HEC-RAS Unsteady Computation Options and Telerances _ p
General (1D Options) ] 2D Flow Cptions ] 10/20 Options ]
Unsteady Flow Options
Theta [implicit weighting factor] (0.6-1.0): 1 Mumber of warm up time steps (0 - 100,000): 1
Theta for warm up [implicit weighting factar] (0.6-1.0): 1 Time step during warm up period (hrs): 0
Water surface calculation tolerance (ft): 0.02 Minimum time step for time slicing (hrs): 0
Storage Area elevation tolerance (ft): 0.02 Maximum number of time slices: 20
Flow calculation tolerance [optional] (cfs): l—
Lateral Structure flow stability factor (1.0-3.0): 2
Max error in water surface solution (Abort Tolerance)(ft): 100 g unc Stk ha Ty ekl )
Inline Structure flow stability factor (1.0-3.0): 1
Maximum number of iterations (0-40): 0 Weir flow submergence decay exponent (1.0-3.0): 1
Maximum iterations without improvement (0-40): Gate flow submergence decay exponent (1.0-3.0): 1
[~ Compute energy loses over junctions D355 Messaging Level (1 to 10, Default = 4) 4
Geometry Preprocessor Options 1D Equation Solver
Family of Rating Curves for Internal Boundaries {+ Skyline/Gaussian (Default: Faster for dendritic systems)
i Use existing inte"rnal bouln;arydbbles when possible. (™ Pardiso (Optional: May be faster for large interconnected systems)
R te at all inte i
e e Mumber of cores to use with Pardiso solver: All Available -

Cancel

Defaults ... |

Figure 8-21 Computational Options and Tolerances with 1D Options tab shown.

The calculation options and tolerances are as follows:
General (1D Options) (see Figure 8-21):

Theta (implicit weighting factor): This factor is used in the finite
difference solution of the unsteady flow equations. The factor ranges
between 0.6 and 1.0. A value of 0.6 will give the most accurate
solution of the equations, but is more susceptible to instabilities. A
value of 1.0 provides the most stability in the solution, but may not be
as accurate for some data sets. The default value is set to 1.0. Once
the user has the model up and running the way they want it, they
should then experiment with changing theta towards a value of 0.6. If
the model remains stable, then a value of 0.6 should be used. In
many cases, you may not see an appreciable difference in the results
when changing theta from 1.0 to 0.6. However, every simulation is
different, so you must experiment with your model to find the most
appropriate value.

Theta for warm up: The unsteady flow solution scheme has an option
to run what we call a “warm up period” (explained below). The user
has the option to set a different value for theta during the warm up
period versus the simulation period.

Water surface calculation tolerance: This tolerance is used to compare
the difference between the computed and assumed water surface
elevations at cross sections. If the difference is greater than the
tolerance, the program continues to iterate for the current time step.
When the difference is less than the tolerance, the program assumes
that it has a valid numerical solution. The default value is set to 0.02
feet.
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Storage area elevation tolerance: This tolerance is used to compare
the difference between computed and assumed water surface
elevations at storage areas. If the difference is greater than the
tolerance, the program continues to iterate for the current time step.
When the difference is less than the tolerance, the program can go on
to the next time step. The default tolerance for storage areas is set to
0.05 feet.

Flow calculation tolerance: This tolerance is used to compare against
the numerical error in the computed flow versus the assumed flow for
each iteration of the unsteady flow equations. The user enters a flow
in cfs (or cms in metric data sets). The software monitors the flow
error at all computational nodes. If the flow error is greater than the
user entered tolerance, then the program will continue to iterate. By
default, this option is not used, and is therefore only used if the user
enters a value for the tolerance.

Maximum error in water surface solution: This option allows the user
to set a maximum water surface error that will cause the program to
stop running if it is exceeded. The default value is 100 ft. If during
the computations, a numerical errors grows larger than this tolerance
at any node, the program will stop the simulation at that point and
issue a message saying that the maximum water surface error
tolerance has been exceeded.

Maximum number of iterations: This variable defines the maximum
number of iterations that the program will make when attempting to
solve the unsteady flow equations using the specified tolerances. The
default value is set to 20, and the allowable range is from O to 40.

Maximum Iterations without improvement (0-40): This option allows
the user to set a maximum number of iterations in which the solver
can iterate without improving the answer. This option is not used by
default. If turned on, it can increase the speed of the computations,
but may cause larger errors or instabilities to occur if not used
correctly. A good starting point for this option would be 5. What this
means is, that if the program iterates five times and does not improve
any of the solution errors, at all nodes in the system, then it will stop
iterating an use the previous iteration that had the best answers up to
that point. The premise here is that if the iteration scheme is not able
to improve the solution for 5 consecutive iterations, more than likely it
is not going to improve, and there is no point in wasting computational
time by iterating all the way to the maximum number of iterations.

Number of warm-up time steps: Before the user entered simulation
period begins, the program can run a series of time steps with
constant inflows. This is called a warm-up period. This is done in
order to smooth the profile before allowing the inflow hydrographs to
progress. This helps to make a more stable solution at the beginning
of the simulation. The default number of warm-up time steps is set to
0. This value ranges from O to 200.

Time step during warm-up period: During the warm-up period
described in the previous paragraph, it is sometimes necessary to use
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a smaller time step than what will be used during the unsteady flow
calculations. The initial conditions from the backwater analysis uses a
flow distribution in the reaches which is often different than that
computed by unsteady flow. This can cause some instabilities at the
beginning of the simulation. The use of a smaller time step during the
warm-up period helps to get through these instabilities. The default is
to leave this field blank, which means to use the time step that has
been set for the unsteady flow simulation period.

Minimum time step for time slicing: The program has an option to
interpolate between time steps when it finds a very steep rise in an
inflow hydrograph (see flow hydrograph boundary conditions earlier in
this chapter). This option allows the user to set a minimum time step
to use when the program starts reducing time steps during a steep rise
or fall in flow at a flow boundary condition. This prevents the program
from using to small of a time step during time slicing.

Maximum number of time slices: This option defines the maximum
number of interpolated time steps that the program can use during
time slicing, as described in the previous paragraph.

Lateral Structure flow stability factor: This factor is used to increase
the stability of the numerical solution in and around a lateral structure.
This factor varies from 1.0 to 3.0. As the value is increased, the
solution is more stable but less accurate. A value of 1.0 is the most
accurate, but is susceptible to oscillations in the computed lateral flow.
The default value is 1.0. If you observe oscillations in the computed
flow over a lateral structure, you should first check to see if you are
using a small enough computation interval. If the computation
interval is sufficiently small, you should then try increasing this
coefficient to see if it solves the problem.

Inline Structure flow stability factor: This factor is used to increase the
stability of the numerical solution in and around an Inline Structure.
This factor varies from 1.0 to 3.0. As the value is increased, the
solution is more stable but less accurate. A value of 1.0 is the most
accurate, but is susceptible to oscillations in the computed flow. The
default value is 1.0. If you observe oscillations in the computed flow
over the inline structure, you should first check to see if you are using
a small enough computation interval. If the computation interval is
sufficiently small, you should then try increasing this coefficient to see
if it solves the problem.

Weir flow submergence decay exponent: This coefficient is used to
stabilize the solution of flow over a weir for highly submerged weirs.
This factor varies from 1.0 to 3.0. As the headwater and tailwater
stages become closer together, occasionally oscillations in the solution
can occur. This exponent will prevent this from happening. The
default value of one has no effect. As you increase the coefficient,
dampening of the oscillations will occur. See the section called Model
Accuracy, Stability, and Sensitivity later in this chapter for greater
detail on this factor.
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Gated Spillway flow submergence decay exponent: This coefficient is
used to stabilize the solution of flow over a gated spillway for highly
submerged flows. This factor varies from 1.0 to 3.0. As the
headwater and tailwater stages become closer together, occasionally
oscillations in the solution can occur. This exponent will prevent this
from happening. The default value of 1.0 has no effect. As you
increase the coefficient, dampening of the oscillations will occur. See
the section called Model Accuracy, Stability, and Sensitivity later in this
chapter for greater detail on this factor.

DSS Messaging Level: This option will control the amount and detail of
messages that get written to the Log File when reading and writing
data to HEC-DSS. A value of 1 is minimal information and a value of
10 turns on the maximum amount of information. The default for this
variable is 4.

Geometric Preprocessor Options: This section of the 1D computational
options allows the user to control whether or not the program will read
in previously computed curves for internal boundary conditions, like
bridges and culverts, etc.. Or the user can force the geometric pre-
processor to recomputed all internal boundary conditions.

1D Equation Solver: By default the 1D equation solver uses a
Skyline/Gaussian reduction matrix solution technique to solve the 1D
Unsteady flow equations. There is an option to use the “Pardiso”
matrix equation solver. We have found that even though the Pardiso
solver can make use of multiple processor cores, the Skyline matrix
solver is generally faster for dendritic river systems. However, for
large, complex, looped systems, the Pardiso solver may produce faster
computational results. The user should try the Pardiso solver is they
have a larger complex system of interconnected reaches. If you turn
on the Pardiso solver, there is an option to control the number of
processor cores used for solving the matrix. By default, “All Available”
will be used. However, the speed of the solution is sensitive to the
number of cores used, and it is not always faster with using the
maximum number of cores available. So user’s should test the
number of cores to get the maximum computational speed benefit.

2D Flow Options

When selecting the Tab labeled “2D Flow Options” on the
Computational Options and Tolerances window, the editor will look like
what is shown in Figure 8-22.
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[ ey oo SO
U

General (1D Options) 20 Flow Options | 1D/2D Options |

[~ Use Coriolis Effects {only when using the momentum eguation)

Mumber of cores to use in 2D computations: AJI Available vl

Parameter (Default) 2DFlowArea

1|Theta (0.6-1.0): 1 1
2| Theta Warmup (0.6-1.0): 1 1
3| Water Surface Tolerance 0.01 0.01
4| Maximum Iterations 20 20
5| Equation Set Diffusion Wave Full Momentum
& | Initial Conditions Ramp Up Time (hrs)
7| Boundary Condition Ramp Up Fraction (0-1) 0.5 0.5
& | Number of Time Slices (Integer Valug)
9| Eddy Viscosity Transverse Mixing Coeffident

10 | Boundary Condition Volume Chedk r -

11| Latitude for Coriolis (-390 to 90)

Cancel Defaults ...

Figure 8-22 Computation Options and Tolerances with 2D Flow Area Options shown

As shown in Figure 55, there are several computational options
and tolerances that can be set for the 2D module. These Options are
discussed below.

Use Coriolis Effects: Only used in the Full Momentum Equation

This option allows the user to turn on the effects of the Earth’s
rotation on the solution (Coriolis Effect). When this option is turned
on, the user must enter the latitude of the center of the 2D Flow Area
in degrees (this is the field labeled “Latitude for Coriolis” in the
table). A latitude with a value greater than zero is considered in the
northern hemisphere, and a value less than zero is considered in the
southern hemisphere.

Number of Cores to use in computations: All Available (Default)

The HEC-RAS two-dimensional computational module was
developed from the ground up with parallel processing in mind. The
HEC-RAS 2D computations will use as many CPU cores as there are
available on your machine (which is the default mode for running).
However, HEC-RAS provides the option to set the number of cores to
use for the 2D computations. In general, it is recommended to use
the default of “All Available”. However, you may want to experiment
with this for a specific data set to see if it will either speed up or slow
down computations based on a specific number of cores. The ideal
number of cores for a given problem is size and shape dependent
(shape of the 2D Flow Area). As you use more cores, the problem is
split into smaller pieces, but there is overhead in the communications
between the pieces. So, it is not necessarily true that a given problem
will always run faster with more cores. Smaller data sets (2D areas
with fewer cells) may actually run faster with fewer cores. Large data
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sets (2D Areas with lots of cells) will almost always run faster with
more cores, so use all that is available.

Shown below are the results of testing a few data sets by
running them with different numbers of Cores. Each model was run
several times with the number of cores set to: 1, 2, 4, 8, and 16. As
you can see four of the data sets had speed improvements up to 8
cores, but actually ran slower with 16 cores. These are smaller data
sets ranging from 10,000 to 80,000 cells. However, one data sets had
speed improvements all the way up to 16 cores. This was the largest
data set, with 250,000 cells.

Speedup

1 core 2 core dcore 8 core 16 core

e SEPAU|  =——ELIS EU4 Ohliss s 400 s mi

Theta (0.6 — 1.0): 1.0 (default)

This is the implicit weighting factor that is used to weight
spatial derivatives between the current solution time line and the
previously solved solution time line. Theta of 1.0 (Default), uses only
the currently solved time line for the spatial derivatives. This provides
for the most stable solution, but possibly at the loss of some accuracy.
Theta of 0.6, provides for the most accurate solution of the equations,
but tends to be less stable. In general it has been found that in
application of most real world flood runoff types of events, Theta of
1.0, will give about the same answers as Theta of 0.6. However, this
should be tested for each model due to site specific geometry and
flood propagation, in which it may make a difference in the results.

Theta Warm-up (0.6 — 1.0): 1.0 (default)

This is the value of Theta (see description above) that is used
during the model warmup and ramp up periods. This value of Theta is
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only used if the user has turned on the unsteady flow warm-up option,
or the Boundary Condition Ramp up Option for 2D areas.

2D water surface calculation tolerance (ft): 0.01 (default)

This is the 2D water surface solution tolerance for the iteration
scheme. If the solution of the equations gives a numerical answer that
has less numerical error than the set tolerance, then the solver is done
with that time step. If the error is greater than the set tolerance, then
the program will iterate to get a better answer. The program will only
iterate up to the maximum number of iterations set by the user. The
default is set to 0.01 ft based on experience in using the model for a
range of applications.

Maximum Number of iterations (O — 40): 20 (Default)

This is the maximum number of iterations that the solver wiill
use while attempting to solve the equations (in order to get an answer
that has a numerical error less than the user specified tolerance at all
locations in the 2D computational mesh domain). The default is set to
20. However, the user can change it from 0 to 40. It is not
recommended to change this unless you are sure that changing the
value will either improve the chances that the model will converge
(l.e. increasing the value), or speed up the computations without
causing any significant errors.

Equation Set: Diffusion Wave (Default) or Full Momentum Equation

The HEC-RAS two-dimensional computational module has the
option of either running the 2D Diffusion Wave equations, or the
Full 2D St. Venant equations (sometimes referred to as the full 2D
shallow water equations). The default is the 2D Diffusion Wave
equation set. In general, most flood applications will work fine with
the 2D Diffusion Wave equations. The Diffusion Wave equation set will
run faster and is inherently more stable. However, there are definitely
applications where the 2D Full St. Venant equations should be used for
greater accuracy. The good news is that it easy to try it both ways
and compare the answers. It is simply a matter of selecting the
equation set you want, and then running it. Create a second Plan file,
use the other equation set, run it, and compare it to the first Plan for
your application. More detailed discussions on the differences between
2D Diffusion Wave and 2D Full St. Venant will be available in the RAS
User’s Manual when HEC-RAS 5.0 is publically released to the general
public.

Initial Conditions Ramp up Time (hrs): Default is Blank (not used)

This option can be used to “Ramp up” the water surface from a
dry condition to a wet condition within a 2D area (or from a flat water
surface if an initial water surface elevation was entered). When
external boundary conditions, such as flow and stage hydrographs (or
1D reaches), are connected to a 2D area, the first value of the
connected flow or stage may be too high (i.e. a very large flow or a
stage much higher than the cell elevation it is attached to). If the
model were to start this way, such a high discontinuity could cause a
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model instability. This option allows the user to specify a time (in
hours) to run the computations for the 2D Flow Area, while slowly
transitioning the flow boundaries from zero to their initial value, and
the stage boundaries from a dry elevation up to their initial wet
elevation. The user specifies the total “Initial Conditions Ramp up
Time” in this field (10 hours, for example). The user must also specify
a fraction of this time for Ramping up the boundary conditions. A
value of 0.5 means that 50% of the Initial Conditions time will be used
to Ramp Up the boundary conditions to their initial values, the
remaining time will be used to hold the boundary conditions constant,
but allow the flow to propagate through the 2D Flow Area, thus giving
it enough time to stabilize to a good initial condition throughout the
entire 2D Flow Area. The Ramp up time for the boundary conditions is
entered in the next row, which is labeled “Boundary Condition Ramp
up Fraction™.

Boundary Condition Ramp up Fraction (O to 1.0): 0.5 (50%)
Default value

This field goes along with the previous field “Initial Conditions
Ramp up Time”. This field is used to enter the fraction of the Initial
Conditions Ramp up Time that will be used to ramp up the 2D Flow
Area boundary Conditions from zero or dry, to their initial flow or
stage. User’s can enter a value between 0.0 and 1.0, representing the
decimal fraction of the Initial Conditions Ramp up Time.

Number of Time Slices (Integer Value): 1 (Default)

This option allows the user to set a computational time step for a 2D
area that is a fraction of the overall Unsteady flow computation
interval. For example, if the user has set the Unsteady Flow overall
computation interval to 10 minutes, then setting a value of 5 in this
field (for a specific 2D area) means that the computation interval for
that 2D area will be 1/5 of the overall computation interval, which for
this example would be 2 minutes (e.g. 10/5 = 2). Different values can
be set for each 2D Flow Area. The default is 1, which means that 2D
Flow Area is using the same computational time step as the overall
unsteady flow solution (computation Interval is entered by the user on
the unsteady flow analysis window).

Eddy Viscosity Transverse Mixing Coefficient: Default is Blank
(not used)

The modeler has the option to include the effects of turbulence
in the two dimensional flow field. Turbulence is the transfer of
momentum due to the chaotic motion of the fluid particles as water
contracts and expands as it moves over the surface and around
objects. Turbulence within HEC-RAS is modeled as a gradient diffusion
process. In this approach, the diffusion is cast as an Eddy Viscosity
coefficient. To turn turbulence modeling on in HEC-RAS, enter a value
for the Eddy Viscosity Transverse Mixing Coefficient for that specific 2D
Flow Area. This coefficient requires calibration in order to get at an
appropriate value for a given situation. The default in HEC-RAS is zero
for this coefficient, meaning it is not used. The numerical scheme in
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HEC-RAS provides some numerical diffusion automatically. Additional
diffusion using the Eddy Viscosity formulation can be obtained by
entering a value greater than zero in this field. Below are some values
for the Transverse Mixing Coefficient (Dr) that have been found to be
appropriate under certain conditions.

Dy Mixing Intensity Geometry and
surface
0.11t0 0.26 Little transversal Straight channel
mixing
Smooth surface
0.3t00.77 Moderate Gentle meanders
transversal mixing
Moderate surface
irregularities
2.0t05.0 Strong transversal Strong meanders
mixing

Rough surface

Boundary Condition Volume Check: Default is not checked

This option is used to keep track of potential volume errors that may
arise when 1D connections are made to 2D Flow Areas (i.e. Lateral
structure connected from a 1D River to a 2D Flow Area). If thisis
turned on, the program will evaluate the volume transfer across the
hydraulic connection to ensure that the volume passing over the
computational time step is not more water than is truly available in the
2D Flow Area. Where this comes into play is when water is leaving a
2D flow area and going into a 1D River Reach over a lateral structure.
Flow use computed by a weir equation and is based on the water
surface elevations on both sides of the weir. However, there may not
be enough volume left in the 2D flow area to satisfy that flow rate over
the computational time step. If this option is turned on the program
will make a check for this, and if the 2D Flow Area can not send that
amount of water out, the software will redo the time step with a lower
flow transfer rate. Turning this option on can improve the accuracy of
these types of computations, but it will also slow down the
computations.

1D/2D Options

When selecting the Tab labeled “1D/2D Options” on the Computational
Options and Tolerances window, the editor will look like what is shown
in Figure 8-23.
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T ——

General (1D Opﬁons)] 2D Flow Options ;

Maximum iterations between 1D and 2D (0=off, 1 to 20): 0

Water surface tolerance (ft): 0.02
Flow Tolerance (%) 0.1
Minimum flow tolerance (cfs): 1

Cancel | Defaults ...

Figure 8-23 Calculation Options and Tolerances with 1D/2D Options tab shown

Maximum iterations between 1D and 2D. Default is zero
(meaning this is not turned on)

There are also some options for Controlling 1D/2D Iterations, which
can be used to improve the computations of flow passing from a 1D
element (reach or storage area) to a 2D Flow Area. By default this
option is turned off, and most 1D to 2D connections will not need
iterations. However, when thelD/2D hydraulic conditions become
highly submerged, or there are flow reversals, or tidally influence
stages/flows, then iterating between the 1D solution and 2D solution
may be necessary to get an accurate and stable answer. To turn on
the 1D/2D iterations option, select the “1D/2D Options” tab. Then
you can set the Maximum iterations between 1D and 2D, as well
as tolerances for controlling the convergence criteria. Iteration can be
set from O to 20, with zero meaning that it does not do any extra
iterations (this is the default). In general, only use this option if you
are having a stability problem at a 1D/2D hydraulic connection. Set
the number of 1D/2D Iterations to as low as possible in order to get a
stable answer between a 1D and 2D connection that is having stability
problems. The Number of 1D/2D Iterations will cause the entire
solution to be done multiple times for each time step in order to get
the desired convergence. This could dramatically lengthen run
times. If you turn this option on, it is suggested that you start with a
low value, like 3 or so. If the stability problem still exists with that
number of iterations, then increase it from there.

The convergence criteria for 1D/2D iterations consists of a
Water Surface Tolerance, Flow Tolerance (26), and a Minimum
Flow Tolerance. The water surface tolerance is currently only used
when an upstream 1D reach is connected to a downstream 2D Flow
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Area. In this situation, the 1D region is computed, then the 2D region.
The assumed water surface elevation at the boundary is re-evaluated.
If the water surface has changed more than the Water Surface
Tolerance, then the program will iterate. When the water surface
elevation at the boundary has change less than the tolerance, the
solution stops iterating and moves on to the next time step.

The Flow Tolerance (26) gets used for the following 1D/2D
connections: Lateral Structure; SA/2D Hydraulic Connection (SA to 2D,
or 2D to 2D); and 2D Flow Area to 1D Reach connection (Currently in
the 5.0 Beta version, this only works when an upstream 2D flow Area
is connected to a downstream 1D river reach). The default value for
the Flow Tolerance (%) is 0.1 %. If 1D/2D iterations are turned on,
then the flow between these types of 1D/2D connections gets
recomputed after each trial to see if it has changed more than the user
defined Flow Tolerance (%). If it has changed more than the flow
tolerance, then the program iterates. A companion tolerance to the
Flow Tolerance, is the Minimum Flow Tolerance (cfs). The purpose
of this tolerance is to prevent the program from iterating when the
flow passed between a 1D and 2D element is very small, and not
significant to the solution. For example, you may have a connection
from a 1D reach to a 2D Flow Area via a Lateral Structure, in which
the flow under certain conditions is very low, so the actual change in
the flow from one iteration to the next could be very small (put the
percent error is very high). Such a small flow may have no
significance to the solution, so iterating the entire solution to improve
this small flow between the 1D and 2D elements makes no sense, and
may be just wasting computational time. In general it is a good idea
to set a minimum flow when turning on 1D/2D iterations. The default
value is 1 cfs, however, this is most likely model specific.
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Output Options. This option allows the user to set some additional
output flags. When this option is selected a window will appear as
shown in Figure 8-24. The following is a list of the available options:

HEC-RAS - Set Cutput Control Options
-

_Restart File Options :

Detailed Log Output ] Computation Level Output Options l HOFS Write Parameters l

[ Write Initial Condition file(s) during simulation

First file time
{* Hours from begining of simulation:
" Fixed Reference:  Date: J Time:
Filename: [undie.p08, DOMMMYYYY hhmim. rst

Second and additional restart files written:
Hours between writes (blank for none): |

[~ wirite Initial Condition file at the end of the simulation

OK, Cancel

Figure 8-24. Unsteady Flow Output Control Options Window

Restart File Options: This tab allows the user to write out an Initial
conditions file or files, sometimes called a “Hot Start” file. A hot start
file can be used to set the initial conditions of the system for a
subsequent run. This is commonly done in real time forecasting,
where you want to use the results at a specific time from a previous
run to be the initial conditions of the next run. The user can either
enter a time in hours from the beginning of the current simulation, or
they can enter a specific Date and Time. This time represents the time
at which the conditions of the system will be written to the “Hot Start”
file. The program writes flow and stage at all of the computational
nodes, as well as the stage in all of the storage areas to the file. An
additional option is available to write multiple restart files out from a
single run. This is accomplished by first specifying how and when you
want the first file to be written, then entering the number of hours
between subsequent writes of the file. The last option of this section
allows the user to ensure that the very last time step also gets written
out as a separate restart file. Filenames for restart files are labeled as
follows:

Projectname.p##.DDMMMYYY hhmm.rst

Where: pH# = plan number
DD = Day
MMM = Month
YYYY = Year
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hh = hour
mm = minute
rst = file extension

Detailed Log Output: This tab allows the user to turn on detailed
output that is written to a log file. The user can have the Input
Hydrographs written to the log file; the final computed hydrographs;
and they also can have the software write detailed information for
each iteration of the unsteady flow equations (Write Detailed Log
Output for Debugging). The detailed output at the iteration level
can be written for the entire simulation period, or the user has the
option to set a specific time window in which the program will only
output information within this time. This option is used when there is
a problem with the unsteady flow solution, in that it may be oscillating
or going completely unstable. When this occurs, the user should turn
this option on and re-run the program. After the run has either
finished or blown up, you can view the log file output by selecting
View Computation Log File from the Options menu of the Unsteady
Flow Simulation window. This log file will show what is happening on a
time step by time step basis. It will also show which cross section
locations the program is having trouble balancing the unsteady flow
equations, as well as the magnitude of the errors. There is an
additional option to turn on this detailed log output only when a
certain number of iterations has been met or exceeded (Automatic
Detailed Log Output).

Computation Level Output: This tab allows the user to write out a
limited list of variables at the computational time step level. Thisis a
very useful tool for assisting in debugging an unsteady flow model. It
is often very helpful to seem a few output variables, like water surface
and flow, at the detailed computational time step in order to see when
and where a model is going unstable. By default, only the water
surface and the flow rate will be written out when the computational
output option is turned on from the Unsteady Flow Computational
window. This option allows the user to select additional variables to be
written to that file. The following variables are available to be written
tot the computational level output file:

WSEL = Water surface elevation (Default)

Flow = Flow rate (Default)

WS Error = Numerical error in water surface comp.
Flow Error = Numerical error in computed flow
Depth = Depth of the water from channel invert
Invert = Elevation of main channel invert

Vel Channel = Average velocity in main channel
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Vel Total = Average velocity of entire cross section

Courant Chan = Courant Number for main channel only

Courant Total = Courant Number for entire cross section

Diff Eqn Parts = Separate components of the unsteady
flow equations (Momentum and Continuity
equations)

Friction Slope Method for Cross Sections. By default the program
uses the Average Friction Slope method for determining friction forces
for the momentum equation during an unsteady flow run. This option
allows the user to select one of the other five available methods in
HEC-RAS. To learn more about the friction slope averaging techniques
in HEC-RAS, see chapter 2 of the hydraulic reference manual.

Friction Slope Method for Bridges. By default the program uses
the Average Conveyance friction slope averaging technique for
computing frictional forces through bridges. This has been found to
give the best results at bridge locations. This option allows the user to
select one of the other five available methods.

Initial Backwater Flow Optimizations. If your model has a flow
split, lateral structure, or pump stations, it may be necessary to
optimize the flow splits during the initial backwater computations in
order to get a reasonable initial condition for the unsteady flow
computations. This option allows the user to turn on flow
optimizations at the various locations where flow may be leaving the
system and it is a function of the water surface elevation (which would
require optimization to get the right values).

Sediment Computational Options and Tolerances. As of HEC-RAS
version 5.0 and newer, there is now the ability to perform Unsteady
Flow Sediment Transport (deposition and erosion) computational
capabilities. This Option, and the next two (called: Sediment Output
Options and Sediment Dredging Options), are used to control the
sediment transport computations within the Unsteady Flow
computational program. Please refer to Chapter 17 for the details of
performing sediment transport computations within HEC-RAS.

Check Data Before Execution. This option provides for
comprehensive input data checking. When this option is turned on,
data checking will be performed when the user presses the compute
button. If all of the data are complete, then the program allows the
unsteady flow computations to proceed. If the data are not complete,
or some other problem is detected, the program will not perform the
unsteady flow analysis, and a list of all the problems in the data will be
displayed on the screen. If this option is turned off, data checking is
not performed before the unsteady flow execution. The default is that
the data checking is turned on. The user can turn this option off if
they feel the software is erroneously stopping the computations from
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running. If this does happen the user should report this as a bug to
the HEC-RAS development team.

View Computation Log File. This option allows the user to view the
contents of the unsteady flow computation log file. The interface uses
the Windows Notepad program to accomplish this. The log file
contains detailed information of what the unsteady flow computations
are doing on a time step by time step basis. This file is very useful for
debugging problems with your unsteady flow model.

Saving the Plan Information

To save the Plan information to the hard disk, select Save Plan from
the File menu of the simulation window. Whenever any option is
changed or modified on the Unsteady Flow Analysis window, the user
should Save the Plan.

Starting the Computations

Once all of the data have been entered, and a Plan has been defined,
the unsteady flow computations can be performed by pressing the
Compute button at the bottom of the Unsteady Flow Simulation
window. When the compute button is pressed, a separate window will
appear showing you the progress of the computations (Figure 8-25).
The information that appears in the window is an indicator of the
programs progress during the computations, and a list of any
computational messages that come up during the run. When the
computations have been completed, the user can close the
computations window by clicking the upper right corner of the window,
or the close button at the bottom. If the computations ended normally
(i.e. all of the processes ran with no error messages), then the user
can begin to look at the output. If the program does not finish
normally, then the user should turn view the computational messages
to see what problems may have occurred, then begin debugging the
problem.
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7] HEC-RAS Finished Computati [

Write Geometry Information
Layer: Complete

Geometry Processor

River: Beaver Creek R5: 5.0

Reach: Kentwood Mode Type:  Cross Section
IE Curve:

Unsteady Flow Simulation

Simulation:

Time: 72.0000 13FEB1995  00:00:00 Iteration {(1D): 0O [teration {2D):
Writing Profiles 100

Post Process

River: Beaver Creek R5: 5.89

Reach: Kentwood Mode Type:  Cross Section

Profile: 12FEB1999 2400

Simulation:  74/74
Computation Messages

Plan: 'Unsteady with Default bridge parameters’ (beaver.p01)
Simulation started at: 07Jul2015 09:18:11 AM
Using &4 Bit Computation Engines

Writing Geometry
Completed Writing Geometry

Geometric Preprocessor HEC-RAS 5.0.0 Beta March 2015
1 Internal Boundary curve(s) have been read in

Finished Processing Geometry

Writing Event Conditions
Event Conditions Complete

Performing Unsteady Flow Simulation HEC-RAS 5.0.0 Beta March 2015

Finished Unsteady Flow Simulation

Writing Results to DSS
Finished Writing Results to DSS

Reading Data for Post Process
Running Post Processor HEC-RAS 5.0.0 Beta March 2015

Finished Post Processing

Computations Summary

Computation Task Time(hh:mm:ss)
Completing Geometry <1
Preprocessing Geometry(64) <1
Unsteady Flow Computations(54) 1
\Writing to DS5(54) 1
Post-Processing{54) 3
Complete Process 7

Figure 8-25. Unsteady Flow Computations Window
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Calibration of Unsteady Flow Models

Calibration is the adjustment of a model's parameters, such as
roughness and hydraulic structure coefficients, so that it reproduces
observed data to an acceptable accuracy. The following is a list of
common problems and factors to consider when calibrating an
unsteady flow model.

Observed Hydrologic Data

Stage Records. In general, measured stage data is our most
accurate hydrologic data. Measured stage data is normally well within
+/- 1.0 feet of accuracy. However, errors can be found in measured
stage data. Some common problems are:

1. The gages float gets stuck at a certain elevation during the rise or
fall of the flood wave.

2. The recorder may systematically accumulate error over time.

3. The gage reader of a daily gage misses several days (cooperative
stream gage program).

4. There is an error in the datum of the gage.
5. Subsidence over time causes errors in the stage measurement.

Flow Records. Flow records are generally computed from observed
stages using single valued rating curves. These rating curves are a
best fit of the measured data. The USGS classifies good flow
measurements from Price current meters to be within 5% of the true
value. Some believe that this assumed error is optimistic. In any
case, 5% on many river systems, translates into a stage error of
+1.0 feet. Acoustic velocity meters (AVM) provide a continuous
record, but the current USGS technique calibrates these meters to
reproduce measurements from Price current meters, so the AVM is as
accurate as the current meter. Boat measurements are almost always
suspect. In general it is very difficult to get accurate velocity
measurements using a price current meter from a boat. Newer
techniques using acoustic velocity meters with three beams mounted
on boats are thought to be much better.

Published discharge records should also be scrutinized. Continuous
discharge is computed from discharge measurements, usually taken at
bi-weekly or monthly intervals and the continuous stage record. The
measurements are compiled into a rating curve and the departures of
subsequent measurements from the rating curve are used to define
shifts. The shifts are temporary changes in the rating curve due to
unsteady flow effects (looped rating curve) and short term geomorphic
changes. The quality of the record depends on the frequency of
discharge measurements and the skill of the hydrologist. The only
way to depict the quality of the published flow data is to compare the
measured flow values to the currently published rating curve.

8-54



Chapter 8 Performing an Unsteady Flow Analysis

However, if the flow measurements are infrequent, one can only apply
the flow record to the model and see how well the stage record is
reproduced. Remember! Most published flow records for large
streams are in mean daily flow. The modeler must somehow assign
time values to these records.

High Water Marks. High water marks are estimated from the upper
limit of stains and debris deposits found on buildings, bridges, trees,
and other structures. Wind and wave actions can cause the debris
lines to be higher than the actual water surface. Capillary action can
cause stains on buildings to migrate upward, depending on the
material used for the building walls. High water marks in the overbank
area are often higher than in the channel. The overbank water is
moving slower and may be closer to the energy gradeline. High water
marks on bridge piers are often equal to the energy gradeline, not the
average water surface. This is due to the fact that the water will run
up the front of the pier to an elevation close to the energy gradeline.

Shown in the Error! Reference source not found.26 below is a
comparison between high water marks and the computed maximum
water surface profile. Note the scatter in the high water marks, which
mark is accurate?

File Options
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Figure 8-26. Computed Water Surface Profile Versus Observed High Water Marks

Ungaged Drainage Area. For an unsteady flow model to be
accurate, it must have flow input from all of the contributing area. In
many studies a significant portion of the area is ungaged. Discharge
from ungaged areas can be estimated from either hydrologic models or

8-55




Chapter 8 Performing an Unsteady Flow Analysis

by taking flow from a gaged watershed with similar hydrologic
characteristics and multiplying it by a simple drainage area ratio.

An example of accounting for ungaged drainage area is shown below
for the Red River of the North.

. Gaged
. River i
Stream Station Mile Drainage
(Sqg. Miles)
Red River Grand Forks 296 30,100
Turtle River Manvel 272.9 613
Forest River Minto 242.5 740
Snake River Alvarado 229.9 309
Middle River Argyle 9.72 265
Park River Grafton 221.9 695
Total of Gaged Tributaries 2,622
Red River Drayton 206.7 34,800
Total Ungaged 2,078
) Ungaged )
River ) Pattern Drainage
Stream . Drainage .
Mile ) Hydrograph  Area Ratio
(Sq. Miles)
Grand Marais Creek 288.6 298 Middle River 1.12
Tamarac River 218.5 320 Middle River 1.21
Remaining 1,460 Middle River 5.51

Figure 8-27. Example Drainage Area Accounting for Red River of the North

As shown in Figure 8-24, ungaged areas can be accounted for by using
a pattern hydrograph of a hydrologically similar watershed (Middle
River), then calculating a drainage area ratio of contributing areas
(Ungaged area divided by pattern hydrograph area).

River and Floodplain Geometry

It is essential to have an adequate number of cross sections that
accurately depict the channel and overbank geometry. This can be a
great source of error when trying to calibrate. Additionally, all

hydraulic structures must be accurately depicted. Errors in bridge and
culvert geometry can be significant sources of error in computed water
surface profiles. Another important factor is correctly depicting the
geometry at stream junctions (flow combining and splitting locations).
This is especially important at flow splits, and areas in which flow
reversals will occur (i.e. flow from a main stem backing up a
tributary).
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ROUGUNESS, n

09

Also, a one-dimensional model assumes a constant water surface
across each cross section. For some river systems, the water surface
may vary substantially between the channel and the floodplain. If this
is the case in your model, it may be necessary to separate the channel
and the floodplain into their own reaches or model the overbank area
as a series of storage areas.

Roughness Coefficients

Roughness coefficients are one of the main variables used in
calibrating a hydraulic model. Generally, for a free flowing river,
roughness decreases with increased stage and flow (Figure 8-25).
However, if the banks of a river are rougher than the channel bottom
(due to trees and brush), then the composite n value will increase with
increased stage. Sediment and debris can also play an important role
in changing the roughness. More sediment and debris in a river will
require the modeler to use higher n values in order to match observed
water surfaces.
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Figure 8-28. Roughness Versus Discharge for the Mississippi River at Arkansas City
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Looped Rating Curves. Excluding cataclysmic events such as
meander cutoffs or a new channel, the river will pass any given flow
within a range of stages. The shift in stage is a result of the following:
shifts in channel geometry or bed forms; the dynamics of the
hydrograph (how fast the flood wave rises and falls); backwater
(backwater can significantly change the stage at a given cross section
for a given flow); and finally, the slope of the river (flatter streams
tend to have greater loops in the rating curve). Figure 8-26 below
shows a looped rating for a single event. Generally, the lower stages
are associated with the rising side of a flood wave, and the higher
stages are associated with the falling side of the flood wave.
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Figure 8-29. Looped Rating Curve Example
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Alluvial Rivers. In an alluvial stream the channel boundary, as well
as the meandering pattern of the stream, are continuously being re-
worked by the flow of water. Alluvium is unconsolidated granular
material, which is deposited by flowing water. An alluvial river is
incised into these alluvial deposits. The flow characteristics of the
stream are defined by the geometry and roughness of the cross-
section below the water surface. The reworking of the cross section
geometry and meander pattern is greatest during high flow, when the
velocity, depth of water, and sediment transport capacity are the
greatest. For some streams, which approach an equilibrium condition,
the change in morphology (landforms) is small. For other streams, the
change in morphology is much larger. The change can be manifest as
changes in roughness or a more dynamic change such as the cut-off of
a meander loop, which shortens the stream and starts a process which
completely redefines the bed.

A typical meandering river is shown in Figure 8-27 below. Pools are at
the outside of bends, and a typical pool cross-section is very deep. On
the inside of the bend is a point bar. Crossings are between the
meander bends. A typical crossing cross-section is much shallower
and more rectangular than a pool cross-section.

Point Bar

Pool

Crossing Poo!

Meandering

Crossing

Figure 8-30. Morphology of a Meandering River

An invert profile for the Mississippi River is shown in the Figure 8-28.
Note the pools and crossings. The water surface profile is controlled
by the crossing cross-sections (high points in the invert), particularly
at low flow. The conveyance properties of pool cross-sections are only
remotely related to the water surface. This poses a significant
problem when calibrating a large river.
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Figure 8-31. Invert Profile for Lower Mississippi River

As stage and flow increase you have an increase in stream power
(stream power is a function of hydraulic radius, slope, and velocity).
The bed forms in an alluvial stream tend to go through the following
transitions:

1. Plane bed without sediment movement.
2. Ripples.

3. Dunes.

4. Plane bed with sediment movement.

5. Anti-dunes.

6. Chutes and pools.

Generally, anti-dunes and chutes and pools are associated with high
velocity streams approaching supercritical flow. The bed form process
is shown graphically in Figure 8-29.
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Figure 8-32. Transitions of Bed Forms in an Alluvial Stream

Typical Manning’s roughness coefficients for the different bed forms
presented above are shown in the following table:

Table 8-1 Roughness Variations for Alluvial Streams

Bed Forms Range of Manning’s n
Ripples 0.018 — 0.030
Dunes 0.020 — 0.035
Washed Out Dunes 0.014 — 0.025
Plane Bed 0.012 — 0.022
Standing Waves 0.014 — 0.025
Antidunes 0.015 - 0.031

Note: This table is from the book “Engineering Analysis of Fluvial
Streams”, by Simons, Li, and Associates.
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Bed forms also change with water temperature. Because water is
more viscous at lower temperatures, it becomes more erosive,
reducing the height and the length of the dunes. At higher
temperatures, when the water is less viscous, the dunes are higher
and of greater length. Since the larger dunes are more resistant to
flow, the same flow will pass at a higher stage in the summer than in
the winter. Larger rivers such as the Mississippi River and the Missouri
River show these trends. Figure 8-30 shows the seasonal shift for the
Mississippi River at St. Louis.
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Figure 8-33. Changes in Roughness due to Temperature in the Mississippi River

River and Floodplain Storage

Cross Sectional Storage. The active flow area of a cross section is
the region in which there is appreciable velocity. This part of the cross
section is conveying flow in the downstream direction. Storage is the
portion of the cross section in which there is water, but it has little or
no velocity. Storage can be modeled within a cross section by using
the ineffective flow area option in HEC-RAS. The water surface
elevation within the cross section storage is assumed to have the same
elevation as the active flow portion of the cross section.

The storage within the floodplain is responsible for attenuating the
flood hydrograph and, to some extent, delaying the flood wave.
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Effects of Overbank Storage. Water is taken out of the rising side
of the flood wave and returned on the falling side. An example of the
effects of overbank storage is shown in Figure 8-31. In this example,
the water goes out into storage during the rising side of the flood
wave, as well as during the peak flow. After the peak flow passes, the
water begins to come out of the storage in the overbank and increases
the flow on the falling side of the floodwave.
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Figure 8-34. Example of the Effects of Overbank Storage

Off Line Storage. Off line storage is an area away from the main
river in which water can go from the main river to the ponding area.
The connection between the ponding area and the river may be a
designed overflow, or it may just be a natural overflow area. The
water in the ponding area is often at a different elevation that the
main river, therefore, it must be modeled separately from the cross
sections describing the main river and floodplain. Within HEC-RAS,
ponding areas are modeled using what we call a storage area. Storage
areas can be connected hydraulically to the river system by using a
lateral weir/spillway option in HEC-RAS.

The effect that off line storage has on the hydrograph depends on the
available volume and the elevation at which flow can get into and out
of the storage area. Shown in Figure 8-32 is an example of an off-line
storage area that is connected to the river through a lateral
weir/spillway. The flow upstream and downstream of the offline
storage area remains the same until the water surface elevation gets
higher than the lateral weir. Water goes out into the lateral storage
facility the whole time it is above the weir (i.e. the storage area
elevation is always lower than the river elevation in this example).
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This continues until later in the event, when the river elevation is
below the lateral weir and flow can no longer leave the river. In this
example, the flow in the storage area does not get back into the river
system until much later in the event, and it is at a very slow rate
(possible drained by culverts to a downstream location).
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Figure 8-35. Example Effects of Off-line Storage

Hydraulic Structure Coefficients

Bridges and culverts tend to have a local effect on stage, and a
minimum affect on the flow hydrograph (this depends on the amount
of backwater they cause and the steepness of the stream). However,
in flat streams, increases in a water surface at a structure can cause a
backwater upstream for a substantial distance (depends on amount of
stage increase and slope of the stream). The coefficients that are
important in bridge modeling are: Manning’s n values; contraction and
expansion coefficients; pier loss coefficients, and pressure and weir
flow coefficients for high flows. Culvert hydraulics are dependent upon
the size of the culverts and shape of the entrance. Additional variables
include Manning’s n values and contraction and expansion coefficients.

The effects of Inline weirs/spillways can be substantial on both the
stage and the flow attenuation of the hydrograph. The effects on the
hydrograph will depend upon the available storage volume in the pool
upstream of the structure, as well as how the structure is operated.
Lateral weir/spillway structures can have a significant impact on the
amount of water leaving the river system. Therefore gate and weir
coefficients for these structures can be extremely critical to getting the
right amount of flow leaving the system.
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Tools Available in HEC-RAS to aid in Model Calibration

The following is a list of tools that the user should be aware of and use
frequently during any calibration of an HEC-RAS model:

1. Manning’s n Value Tables (Tables for other parameters).
2. Flow versus Roughness Factors options.
3. Graphical Plots with Observed data options.

- Profile Plots

- Cross section Plot

- Hydrograph (Stage and Flow) Plots

4. Tabular Output Tables.

Steps To Follow in the Calibration Process

The following is a general list of steps to follow when calibrating an
unsteady flow model:

1. Run arange of discharges in the Steady-Flow mode (if possible),
and calibrate n values to established rating curves at gages and
known high water marks.

2. Select specific events to run in unsteady flow mode. Ensure each
event encompasses the full range of flows from low to high and
back to low flow.

3. Adjust cross section storage (ineffective areas) and lateral weirs to
get good reproduction of flow hydrographs (Concentrate on timing,
peak flow, volume, and shape).

4. Adjust Manning’s n values to reproduce stage hydrographs.

5. Fine tune calibration for low to high stages by using “Discharge-
Roughness Factors” where and when appropriate.

6. Further refine calibration for long-term modeling (period of record
analysis) with “Seasonal Roughness Factors” where and when
appropriate.

7. Verify the model calibration by running other flow events or long
term periods that were not used in the calibration.

8. |If further adjustment is deemed necessary from verification runs,
make adjustments and re-run all events (calibration and
verification events).
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General Trends When Adjusting Model Parameters

In order to understand which direction to adjust model parameters to
get the desired results, the following is a discussion of general trends
that occur when specific variables are adjusted. These trends assume
that all other geometric data and variables will be held constant,
except the specific variable being discussed.

Impacts of Increasing Manning’s n. When Manning’s n is
increased the following impacts will occur:

1.

Stage will increase locally in the area where the Manning’s n values
were increased.

Peak discharge will decrease (attenuate) as the flood wave moves
downstream.

The travel time will increase.

The loop effect will be wider (i.e. the difference in stage for the
same flow on the rising side of the flood wave as the falling side
will be greater). An example of this is shown in Figure 8-33.
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Figure 8-36. Example of Wider Loop for Higher Manning's n
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Impacts of Increasing Storage. When storage within the floodplain
is increased, the following impacts will occur:

1. Peak discharge will decrease as the flood wave moves downstream.
2. The travel time will increase.

3. The tail of the hydrograph will be extended.

4

The local stage (in the area of the increased storage) may increase
or decrease. This depends upon if you are trading conveyance
area for storage area, or just simply increasing the amount of
storage area.

Calibration Suggestions and Warnings

The following is a list of suggestions and warnings to consider when
calibrating an unsteady flow model:

1. Calibrate mostly to stages. Flow data is derived from stage. Be
wary of discharge derived from stage using single value rating
curves.

2. Do not force a calibration to fit with unrealistic Manning’s n values
or storage. You may be able to get a single event to calibrate well
with parameters that are outside of the range that would be
considered normal for that stream, but the model may not work
well on a range of events. Stay within a realistic range for model
parameters. If the model is still not calibrating well, then there
must be other reasons why.

3. If using a single-valued rating curve at the downstream boundary,
move it far enough downstream so it doesn’t affect the results in
the study reach.

4. Discrepancies may arise from a lack of quality cross-section data.
If you are using cross sections cut from a 10 meter DEM, then you
should not expect to be able to get a good model calibration with
such poor terrain data.

5. The volume of off-channel storage areas is often underestimated,
which results in a flood wave that travels to fast and will generally
have to high of a peak downstream. Try to closely evaluate all of
the areas that water can go and include them in the model.

6. Be careful with old HEC-2 and RAS studies done for steady flow
only. The cross sections may not depict the storage areas.
Defining storage is not a requirement for a steady flow model to
get a correctly computed water surface elevation.

7. Calibration should be based on floods that encompass a wide range
of flows, low to high. Be careful, to low of a flow can cause an
unsteady flow model to go unstable. This is general caused by flow
passing through critical depth between pools and riffles.
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8. For tidally influenced rivers and flows into reservoirs, the inertial
terms in the momentum equation are very important. Adjusting
Manning’s n values may not help. Check cross sectional shape and
storage. Also, setting Theta towards a value of 0.6 will often help
with the numerical accuracy in tidal situations.

9. You must be aware of any unique events that occurred during the
flood. Such as levee breaches and overtopping.
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Model Accuracy, Stability, and Sensitivity

This section of the manual discusses model accuracy, stability, and
sensitivity. In order to develop a good unsteady flow model of a river
system, the user must understand how and why the solution of the
unsteady flow equations becomes unstable. This knowledge will help
you figure out why your particular model may be having stability
problems. Additionally, it is important to understand the trade-offs
between numerical accuracy (accurately solving the equations) and
model stability. Finally, model sensitivity will be discussed in order to
give you an understanding of what parameters affect the model and in
what ways.

Model Accuracy

Model accuracy can be defined as the degree of closeness of the
numerical solution to the true solution. Accuracy depends upon the
following:

1. Assumptions and limitations of the model (i.e. one dimensional
model, single water surface across each cross section, etc...).

2. Accuracy of the geometric Data (cross sections, Manning’s n
values, bridges, culverts, etc...).

3. Accuracy of the flow data and boundary conditions (inflow
hydrographs, rating curves, etc...).

4. Numerical Accuracy of the solution scheme (solution of the
unsteady flow equations).

Numerical Accuracy. If we assume that the 1-dimensional unsteady
flow equations are a true representation of flow moving through a river
system, then only an analytical solution of these equations will yield an
exact solution. Finite difference solutions are approximate. An exact
solution of the equations is not feasible for complex river systems, so
HEC-RAS uses an implicit finite difference scheme.

Model Stability

An unstable numerical model is one for which certain types of
numerical errors grow to the extent at which the solution begins to
oscillate, or the errors become so large that the computations cannot
continue. This is a common problem when working with an unsteady
flow model of any size or complexity. Figure 8-34 is an example of a
model that ran all the way through, but produced an unstable solution.
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Plan: Unstead lat River: Beaver Creek Reach: Kentwood RS: 5.97
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Figure 8-34. Hydrograph from an unstable solution.

The following factors will affect the stability and numerical accuracy of the
model:

Cross section spacing.

Computation time step.

Theta weighting factor for numerical solution.
Calculation Options and Tolerances.

Lateral Structures/Weirs

Steep streams/mixed flow regime
Downstream Boundary Conditions

Cross section geometry and table properties

© ® N o g k W NP

Bridges and Culvert crossings

=
o

. Initial/low flow conditions

=
=

.Drops in bed profile.

[N
N

.Manning’s n values
13. Missing or bad main channel data

Cross-Section Spacing. Cross sections should be placed at representative
locations to describe the changes in geometry. Additional cross sections
should be added at locations where changes occur in discharge, slope,
velocity, and roughness. Cross sections must also be added at levees,
bridges, culverts, and other structures.

Bed slope plays an important role in cross section spacing. Steeper slopes
require more cross sections. Streams flowing at high velocities may require
cross sections on the order of 100 feet or less. Larger uniform rivers with flat
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slopes may only require cross sections on the order of 5000 ft or more.
However, most streams lie some where in between these two spacing
distances.

Not enough cross sections: When cross sections are spaced far apart, and
the changes in hydraulic properties are great, the solution can become
unstable. In general, cross sections spaced too far apart will cause additional
numerical diffusion, due to the derivatives with respect to distance being
averaged over to long of a distance. Also, if the distance between cross
sections is so great, such that the Courant number would be much smaller
than 1.0, then the model may also become unstable. An example of varying
cross section spacing is shown in Figure 8-35. Figure 8-35 shows an inflow
hydrograph (dashed green line) and two outflow hydrographs (solid blue and
black line with squares). As shown in the figure, as cross section spacing is
increased, the hydrograph will show some numerical attenuation/diffusion.
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Figure 8-35. The affects of cross section spacing on the hydrograph.

Cross Sections too Close. If the cross sections are too close together, then
the derivatives with respect to distance may be overestimated (computed as
steeper slopes than they should be), especially on the rising side of the flood
wave. This can cause the leading edge of the flood wave to over steepen, to
the point at which the model may become unstable. Figure 8-36 is an
example where cross sections were placed very close together, and a very
dynamic hydrograph was run through the river reach. The leading edge of
the flood wave over steepened, and caused the model to produce an unstable
result, which appears as a wall of water building just upstream of the flow
going through critical depth. The solution to this problem is to remove some
cross sections, which will allow the model to do a better job at computing the
special derivatives.
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Figure 8-36. Stability problem from cross sections spaced to close together.

One of the first steps in stabilizing an unsteady flow model is to apply the
correct cross section spacing. Dr. Danny Fread equation and P.G. Samuel’s
have developed equations for predicting maximum cross section spacing.
These two equations are good starting points for estimating cross section
spacing. Dr. Fread’s equation is as follows:

AX < —
Where: AX = Cross section spacing (ft)
Tr = Time of rise of the main flood wave (seconds)
C = Wave speed of the flood wave (ft/s)

Samuel’s equation is as follows:

y < 0.15D

A
SO
Where: D = Average bank full depth of the main channel (ft)
So = Average bed slope (ft/ft)

Samuels equation is a little easier to use since you only have to estimate the
average bank full depth and slope. For Fread’s equation, although the time of
rise of the hydrograph (Tr) is easy enough to determine, the wave speed (c)
is a little more difficult to come by. At areas of extreme contraction and
expansion, at grade breaks, or in abnormally steep reaches, inserting more
cross sections may be necessary.
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Computational Time Step. Stability and accuracy can be achieved by
selecting a time step that satisfies the Courant Condition:

C, =V, ﬂ <1.0
AX

Therefore:

A< X

V

w
Where: Vw = Flood wave speed, which is normally greater than
the average velocity.
Cr = Courant Number. A value = 1.0 is optimal.
Ax = Distance between cross sections.
At = Computational time step.

For most rivers the flood wave speed can be calculated as:

-
dA

However, an approximate way of calculating flood wave speed is to
multiply the average velocity by a factor. Factors for various channel
shapes are shown in the table below.

Table 8-2 Factors for Computing Wave Speed from Average Velocity

Channel Shape Ratio Vw/V
Wide Rectangular 1.67
Wide Parabolic 1.44
Triangular 1.33
Natural Channel 1.5

Too large of a time step: When the solution scheme solves the
unsteady flow equations, derivatives are calculated with respect to
distance and time. If the changes in hydraulic properties at a give
cross section are changing rapidly with respect to time, the program
may go unstable. The solution to this problem in general is to
decrease the time step. An example of a hydrograph routed with two
different time steps (1 minute and 10 minutes) is shown in Figure 8-37
below. As shown in the Figure, the hydrograph routed with a 10
minute time step has a much lower peak flow, and the leading edge of
the floodwave is not as steep. This is due to the fact that the time
based derivatives in the solution are averaging the changes in the
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floodwave over too long of a time step, thus numerically dampening
the floodwave.

River: Test Reach: 1 RS: 0

1200007 Legend
A
10 min DT
VRN —
1 ) N 1 min DT
100000- o N
1 v \
f 7 \
/ \‘\
l ¢ N
80000 ‘\\
4 M \\\
_ " \
Hla | “‘ \\\
S ]
= 60000
(o] B - \
o / A ‘
s \
] \
40000 H W
L N
““‘ ‘\ \b\\A\
7 N
20000 = k‘\\
| ‘\ ~ \i\\i\
£ S,
/ Teha,
4 A |
0 = T T T T T
0200 0300 0400 0500 0600 0700 0800
01Jan2007
Time

Figure 8-37. Hydrograph routed with two different time steps (1 and 10 minutes).

Too Small of a Time Step. If a time step is selected that is much
smaller than what the Courant condition would dictate for a given flood
wave, this can also cause model stability problems. In general to
small of a time step will cause the leading edge of the flood wave to
steepen, possible to the point of oscillating and going unstable.

Practical Time Step Selection. For medium to large rivers, the
Courant condition may yield time steps that are too restrictive (i.e. a
larger time step could be used and still maintain accuracy and

stability). A practical time step is:

A<t
20

Where: Tr = Time of rise of the hydrograph to be routed.

However, you may need to use a smaller time step when you have
lateral weirs/spillways and hydraulic connections between storage
areas and the river system. Also, if you are opening and closing gates
quickly, or modeling a Dam or Levee breach, you will need to use very
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small time steps (less than a minute, maybe even as low as 5
seconds).

Theta Weighting Factor. Theta is a weighting applied to the finite
difference approximations when solving the unsteady flow equations.
Theoretically Theta can vary from 0.5 to 1.0. However, a practical
limit is from 0.6 to 1.0 Theta of 1.0 provides the most stability, but
less numerical accuracy. Theta of 0.6 provides the most accuracy, but
less numerical stability. The default in HEC-RAS is 1.0. Once you
have your model developed, reduce theta towards 0.6, as long
as the model stays stable.

Larger values of theta increase numerical diffusion, but by how much?
Experience has shown that for short period waves that rapidly rise,
theta of 1.0 can produce significant errors. However, errors in the
solution can be reduced by using smaller time steps.

When choosing theta, one must balance accuracy and computational
robustness. Larger values of theta produce a solution that is more
robust, less prone to blowing up. Smaller values of theta, while more
accurate, tend to cause oscillations in the solution, which are amplified
if there are large numbers of internal boundary conditions. Test the
sensitivity of theta to your data set. If reducing theta does not change
the solution, then the larger value should be used to insure greater
stability.

For rivers with tidal boundaries, in which the rising tide will propagate
upstream, the user should always try to use a theta value as close to
0.6 as possible. Tidal waves are very dynamic. In order for the
solution to be able to accurately model a tidal surge, theta must be
close to 0.6.

Calculation Options and Tolerances. Within the HEC-RAS software
there are several calculation options and tolerances that can affect the
stability and accuracy of the solution. Some of the more important
calculation options and tolerances are:

Calculation Tolerances: Three solution tolerances can be set or
changed by the user: Water surface calculation (0.02 default);
Storage area elevation (0.02 default); and Flow calculation (Default is
that it is not used). The default values should be good for most river
systems. Only change them if you are sure!!!

Making the tolerances larger will actually make the mode less stable.
Making the tolerances smaller will make the model more stable, but
may cause the program to iterate more, thus increasing the run time.

Maximum Number of Iterations: At each time step derivatives are
estimated and the equations are solved. All of the computation nodes
are then checked for numerical error. If the error is greater than the
allowable tolerances, the program will iterate. The default number of
iterations in HEC-RAS is set to 20. Iteration will generally improve the
solution. This is especially true when your model has lateral weirs and
storage areas.

8-75



Chapter 8 Performing an Unsteady Flow Analysis

Warm up time step and duration: The user can instruct the program to
run a number of iterations at the beginning of the simulation in which
all inflows are held constant. This is called the warm up period. The
default is not to perform a warm up period, but the user can specify a
number of time steps to use for the warm up period. The user can
also specify a specific time step to use (default is to use the user
selected computation interval). The warm up period does not advance
the simulation in time, it is generally used to allow the unsteady flow
equations to establish a stable flow and stage before proceeding with
the computations.

Time Slicing: The user can control the maximum number of time slices
and the minimum time step used during time slicing. There are two
ways to invoke time slicing: rate of change of an inflow hydrograph or
when a maximum number of iterations is reached.

At each time step derivatives are estimated and the equations are
solved. All of the computation nodes are then checked for numerical
error. If the error is greater than the allowable tolerances, the
program will iterate. The default number of iterations in HEC-RAS is
set to 20. Iteration will generally improve the solution. This is
especially true when your model has lateral weirs and storage areas.

Inline and Lateral Structure Stability Issues. Inline and Lateral
Structures can often be a source of instability in the solution.
Especially lateral structures, which take flow away or bring it into the
main river. During each time step, the flow over a weir/spillway is
assumed to be constant. This can cause oscillations by sending too
much flow during a time step. One solution is to reduce the time step.
Another solution is to use Inline and Lateral Structure stability factors,
which can smooth these oscillations by damping the initial estimate of
the computed flows.

The Inline and Lateral Structure stability factors can range from 1.0 to
3.0. The default value of 1.0 is essentially no damping of the
computed flows. As you increase the factor you get greater
dampening of the initial guess of the flows (which will provide for
greater stability).

Long and flat Lateral Weirs/Spillways: during the computations there
will be a point at which for one time step no flow is going over the
lateral weir, and then the very next time step there is. If the water
surface is rising rapidly, and the weir is wide and flat, the first time the
water surface goes above the weir could result in a very large flow
being computed (i.e. it does not take a large depth above the weir to
produce are large flow if it is very wide and flat). This can result in a
great decrease in stage from the main river, which in turn causes the
solution to oscillate and possible go unstable. This is also a common
problem when having large flat weirs between storage areas. The
solution to this problem is to use smaller computational time steps,
and/or weir/spillway stability factors.

Opening gated spillways to quickly: When you have a gated structure
in the system, and you open it quickly, if the flow coming out of that
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structure is a significant percentage of the flow in the receiving body of
water, then the resulting stage, area and velocity will increase very
quickly. This abrupt change in the hydraulic properties can lead to
instabilities in the solution. To solve this problem you should use
smaller computational time steps, or open the gate a littler slower, or
both if necessary.

Weir and Gated Spillway Submergence Factors. When you have a weir
or gated spillway connecting two storage areas, or a storage area and
a reach, oscillations can occur when the weir or gated spillway
becomes highly submerged. The program must always have flow
going one way or the other when the water surface is above the
weir/spillway. When a weir/spillway is highly submerged, the amount
of flow can vary greatly with small changes in stage on one side or the
other. This is due to the fact that the submergence curves, which are
used to reduce the flow as it becomes more submerged, are very
steep in the range of 95 to 100 percent submergence. The net effect
of this is that you can get oscillations in the flow and stage hydrograph
when you get to very high submergence levels. The program will
calculate a flow in one direction at one time step. That flow may
increase the stage on the receiving side of the weir, so the next time
step it sends flow in the other direction. This type of oscillation is ok if
it is small in magnitude. However, if the oscillations grow, they can
cause the program to go unstable.

To reduce the oscillations, the user can increase the Weir/Spillway
Submergence Factor. This factor can vary from 1.0 to 3.0. A factor of
1.0 leaves the submergence criteria in its original form. Using a factor
greater than 1.0 causes the program to use larger submergence
factors earlier, and makes the submergence curve less steep at high
degrees of submergence. A plot of the submergence curves for
various factors is shown in Figure 8-38.

The net result of using a weir flow submergence factor greater than
1.0, is the flow rate will be reduced more at lower degrees of
submergence, but the computations will be much more stable at high
degrees of submergence.
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Figure 8-38 Weir/Spillway Submergence Factors.

Steep Streams and Mixed Flow Regime: Higher velocities and
rapid changes in depth and velocity are more difficult to model and
keep a stable solution. As the Froude number approaches 1.0 (critical
depth), the inertial terms of the St. Venant equations and their
associated derivatives tend to cause model instabilities. The default
solution methodology for unsteady flow routing within HEC-RAS is
generally for subcritcal flow. The software does have an option to run
in a mixed flow regime mode. However, this option should not be
used unless you truly believe you have a mixed flow regime river
system. If you are running the software in the default mode
(subcritical only, no mixed flow), and if the program goes down to
critical depth at a cross section, the changes in area, depth, and
velocity are very high. This sharp increase in the water surface slope
will often cause the program to overestimate the depth at the next
cross section upstream, and possible underestimate the depth at the
next cross section downstream (or even the one that went to critical
depth the previous time step). One solution to this problem is to
increase the Manning’s n value in the area where the program is first
going to critical depth. This will force the solution to a subcritical
answer and allow it to continue with the run. If you feel that the true
water surface should go to critical depth, or even to a supercritical flow
regime, then the mixed flow regime option should be turned on.
Another solution is to increase the base flow in the hydrographs, as
well as the base flows used for computing the initial conditions.
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Increased base flow will often dampen out any water surfaces going
towards or through critical depth due to low flows.

Bad downstream boundary condition: If the user entered
downstream boundary condition causes abrupt jumps in the water
surface, or water surface elevations that are too low (approaching or
going below critical depth), this can cause oscillations in the solution
that may lead to it going unstable and stopping. Examples of this are
rating curves with not enough points or just simply to low of stages;
and normal depth boundary conditions where the user has entered to
steep of a slope. Shown in Figure 8-39 is an example in which a
Normal depth boundary condition was used with too steep of an
energy slope entered by the user. The net affect was that for any
given flow, the water surface elevation was computed much lower than
it should have been, as shown in the figure. The water surface just
upstream of the boundary condition becomes very steep, and
potentially can lead to an unstable solution.
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Figure 8-39. Example of a bad downstream boundary condition.

Cross section Geometry and Table properties: All of the cross
sections get converted to tables of hydraulic properties (elevation
versus area, conveyance, and storage). If the curves that represent
these hydraulic properties have abrupt changes with small changes in
elevation, this can also lead to instability problems. This situation is
commonly caused by: levees being overtopped with large areas behind
them (since the model is one dimensional, it assumes that the water
surface is the same all the way across the entire cross section); and
ineffective flow areas with large amounts of storage that are turned on
at one elevation, and then turn off at a slightly higher elevation (this
makes the entire area now used as active conveyance area). There
are many possible solutions to these problems, but the basic solution
is to not allow the hydraulic properties of a cross section to change so
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abruptly. If you have a levee with a large amount of area behind it,
model the area behind the levee separately from the cross section.
This can be done with either a storage area or another routing reach,
whichever is most hydraulically correct for the flow going over the
levee or if the levee breaches. With large ineffective flow areas, the
possible solutions are to model them as being permanently on, or to
put very high Manning’s n values in the ineffective zones. Permanent
ineffective flow areas allow water to convey over top of the ineffective
area, so the change in conveyance and area is small. The use of high
Manning’s n values reduces the abruptness in the change in area and
conveyance when the ineffective flow area gets turned off and starts
conveying water.

Cross section property tables that do not go high enough: The
program creates tables of elevation versus area, conveyance, and
storage area for each of the cross sections. These tables are used
during the unsteady flow solution to make the calculations much
faster. By default, the program will create tables that extend up to the
highest point in the cross section, however, the user can override this
and specify their own table properties (increment and number of
points). If during the solution the water surface goes above the
highest elevation in the table, the program simply extrapolates the
hydraulic properties from the last two points in the table. This can
lead to bad water surface elevations or even instabilities in the
solution.

Not enough definition in cross section property tables: The counter
problem to the previous paragraph is when the cross section
properties in a given table are spread too far apart, and do not
adequately define the changes in the hydraulic properties. Because
the program uses straight-line interpolation between the points, this
can lead to inaccurate solutions or even instabilities. To reduce this
problem, we have increased the allowable number of points in the
tables to 100. With this number of points, this problem should not
happen.

Bridge and Culvert crossings. Bridge/Culvert crossings can be a
common source of model stability problems when performing an
unsteady flow analysis. Bridges mayl be overtopped during an event,
or even washed out. Common problems at bridges/culverts are the
extreme rapid rise in stages when flow hits the low chord of the bridge
deck or the top of the culvert. Modelers need to check the computed
curves closely and make sure they are reasonable. One solution to
this problem is to use smaller time steps, such that the rate of rise in
the water surface is smaller for a given time step. Modelers may also
need to change hydraulic coefficients to get curves that have more
reasonable transitions.

An additional problem is when the curves do not go high enough, and
the program extrapolates from the last two points in the curve. This
extrapolation can cause problems when it is not consistent with the
cross section geometry upstream and downstream of the structure.
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For bridge and culvert crossing the program creates a family of rating
curves to define all the possible headwater, tailwater, and flow
combinations that can occur at a particular structure. One free flow
curve (headwater versus flow, with no influence from the tailwater) is
calculated with fifty points to define it, then up to fifty submerged
curves (headwater versus flow, staring at a particular tailwater) are
calculated with up to 20 points to define each curve. The user can
control how many submerged curves get calculated, how many points
in each curve, and the properties used to define the limits of the
curves (maximum headwater, maximum tailwater, maximum flow, and
maximum head difference). By default, the software will take the
curves up to an elevation equal to the highest point in the cross
section just upstream of the structure. This may lead to curves that
are too spread out and go up to a flow rate that is way beyond
anything realistic for that structure. These type of problems can be
reduced by entering specific table limits for maximum headwater,
tailwater, flow, and head difference. An example set of curves are
shown in Figure 8-40.
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Figure 8-40. Example Family of Curves for a Bridge crossing.
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Ineffective flow areas are required up and downstream of bridges and
culverts to properly define the contraction and expansion zones.
Unsteady flow models, and particularly dam breach models, need
these zones to be adequately defined. When the bridge is overtopped,
the ineffective flow areas will turn off. This sudden and large increase
in conveyance can cause model instability. One solution is to use very
high Manning’s n values (.2 to 1.0) in the ineffective flow zones, so
when they turn off the increase in conveyance is not so great. This is
also more physically appropriate as the cross sections just upstream
and downstream can not flow completely freely because of the bridge
embankment.

Initial Conditions and Low Flow: When starting a simulation it is
very common to start the system at low flows. Make sure that the
initial conditions flow is consistent with the first time step flow from
the unsteady flow boundary conditions. User’s must also pay close
attention to initial gate settings and flows coming out of a reservoir, as
well as the initial stage of the pool in the reservoir. The initial
condition flow values must be consistent with all inflow hydrographs,
as well as the initial flows coming out of the reservoir.

Flows entered on the initial conditions tab of the Unsteady Flow Data
editor are used for calculating stages in the river system based on
steady flow backwater calculations. If these flows and stages are
inconsistent with the initial flows in the hydrographs, and coming out
of the reservoir, then the model may have computational stability
problems at the very beginning of the unsteady flow computations.

If any portion of an inflow hydrograph is so low that it causes the
stream to go through a pool and riffle sequence, it may be necessary
to increase the base flow. The minimum flow value must be small
enough that it is negligible when compared to the peak of the flood
wave. A good rule of thumb is to start with a minimum flow equal to
about 1 % of the peak flood (inflow hydrograph, or dam breach flood
wave) and increase as necessary to 10%. If more than 10% is
needed, then the problem is probably from something else.

If you have some cross sections that are fairly wide, the depth will be
very small. As flow begins to come into the river, the water surface
will change quickly. The leading edge of the flood wave will have a
very steep slope. Sometimes this steep slope will cause the solution
to reduce the depth even further downstream of the rise in the water
surface, possibly even producing a negative depth. This is due to the
fact that the steep slope gets projected to the next cross section
downstream when trying to solve for its water surface. The best
solution to this problem is to use what is called a pilot channel. A pilot
channel is a small slot at the bottom of the cross section, which gives
the cross section a greater depth without adding much flow area. This
allows the program to compute shallow depths on the leading edge of
the flood wave without going unstable. Another solution to this
problem is to use a larger base flow at the beginning of the simulation.

Drops in the Bed Profile. Significant drops in the bed profile can
also be a source of model stability problems, especially at low flows. If
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the drop is very small, then usually an increase in baseflow will
drowned out the drop, thus preventing the model from passing
through critical depth. If the drop is significant, then it should be
modeled with an inline structure using a weir. This will allow the
model to use a weir equation for calculating the upstream water
surface for a given flow, rather than using the unsteady flow
equations. This produces a much more stable model, as the program
does not have to model the flow passing through critical depth with
the unsteady flow equations. HEC-RAS automatically handles
submergence on the weir, so this is not a problem. An example of a
profile drop that causes a model stability problem is shown in Figure 8-
41.

Unsteady with smaller event
Geom: Base Geometry Data Flow :

Brunner River Wolfe Reach |

4947 Legend

WS 10FEB1999 0100

,,,,,,,,,,,

Crit 10FEB1999 0100
_—

Ground

Elevation (ft)

478 T T T T T T T T T T T T T T T T T T T T T
20000 25000 30000 35000 40000 45000 50000
Main Channel Distance (ft)

Figure 8-41. Stability Problem caused by drop in bed profile.

When an Inline Structure (weir) is added to the above data set, the
model is able to obtain a stable and accurate solution of the profile
(Figure 8-42).
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Unsteady with inline weir
Geom: Base Geometry Data - Inline weir Flow:

Brunner River Wolfe Reach |

4947 Legend

WS 09FEB1999 2400
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Figure 8-42. Stable solution using Inline Structure to represent profile drop.

Some additional solutions to the problem of significant drops in the
channel invert are: increase the base flow to a high enough value to
drowned out the drop in the bed profile; put a rating curve into the
cross section at the top of the drop (this will prevent the unsteady flow
equations being solved through the drop, the rating curve will be used
instead); and add more cross section, if the drop is gradual, and run
the program in mixed flow regime mode.

Manning’s n Values. Manning’s n values can also be a source of
model instability. Manning’s n values that are too low, will cause
shallower depths of water, higher velocities, and possibly even
supercritical flows. This is especially critical in steep streams, where
the velocities will already be high. User’s should check there
estimated Manning’s n values closely in order to ensure reasonable
values. It is very common to underestimate Manning’s n values in
steep streams. Use Dr. Robert Jarrets equation for steep streams to
check your main channel Manning’s n values. An example model
stability problem due to too low on Manning’s n values being used in
steep reaches is shown in Figure 8-43.
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Figure 8-43. Model stability problem due to low Manning’s n values.

Over estimating Manning’s n values will cause higher stages and more
hydrograph attenuation than may be realistic.

Missing or Bad Channel Data. Another typical source of instabilities
occurs when the main channel has a wide flat bed. This is usually
found when cross sections are approximated or when terrain data is
used to develop cross sections exclusive of real bathymetric data.
Many times reaches are developed in GIS using LIDAR data or other
aerial means. These survey methods don’t penetrate water surfaces
so the main channel is left with a flat horizontal bed equal to the water
surface elevation (Figure 8-44). For dam breach analyses, shallow
streams are normally okay, since the dam break flood wave is usually
much greater than the depth of water in the channel. However, wide
flat stream beds tend to cause instabilities because at lower flows, the
area to depth ratio is very high. When this occurs, a small increase in
depth is seen as a large relative increase in depth.
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PMF Event with Breach of Dam
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Figure 8-44. Example Cross Section missing most of the main channel.

Additionally, in the cross section plot, if high ground that is not
appropriately accounted for can be a source of instabilities. High
ground can be modeled as levees or with ineffective flows to remove
the abrupt changes in storage and conveyance when the high ground
is overtopped.

Stream Junction Issues. The unsteady flow equation solver, by
default, makes a simplifying assumption at stream junctions. The
unsteady solver forces the same exact water surface at all cross
sections that bound a junction (Upstream and downstream of the
junction). This simplifying assumption is fine for flat to moderately
sloping streams. However, once you get to medium to steep sloping
streams, this is normally a bad assumption, and can even cause model
instability issues.

In general, cross sections placed around stream junctions should be
placed as close to the junction as possible, such that the assumption of
equal water surface elevation is not so bad. Sometimes this is not
possible. For example, in steep streams, the first cross section of a
tributary coming into a main stem may have a higher channel invert
than the main stem river. If you are starting the model at a low flow,
the program computes the water surface in the main river below the
junction, then forces that water surface on the cross sections upstream
of the junction, both in the main river and the tributary. This can
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often end up with way too low of a water surface elevation in the
tributary, for the given flow rate, which very quickly causes the model
to go unstable in the tributary reach near the junction.

The solution to this problem, is to first ensure you have the cross
sections bounding the junction, as close to the junction as possible.
Second, compare at the main channel elevations of all the cross
sections that bound the junction. If one cross section is much higher
than the others (say the tributary one), then there will be a problem
trying to run this model at low flow. Either extract a new cross section
closer to the junction (thus having a lower main channel), or adjust
the main channel data of that cross section.

An additional option that has been added to HEC-RAS to assist in this
problem, is the option to use an “Energy Balance Method” to compute
the water surface elevations across the junction during the unsteady
flow computations. This option will allow for sloping water surface
elevations across the junction and can help alleviate many model
stability issues at junctions in medium to steep sloping streams.

Model Sensitivity

Model sensitivity is an important part of understanding the accuracy
and uncertainty of the model. There are two types of sensitivity
analysis that should be performed, Numerical Sensitivity and Physical
Parameter Sensitivity.

Numerical Sensitivity. Numerical Sensitivity is the process of
adjusting parameters that affect the numerical solution in order to
obtain the best solution to the equations, while still maintaining model
stability. The following parameters are typically adjusted for this type
of sensitivity analysis:

Computational Time Step - The user should try a smaller time step to
see if the results change significantly. If the results do change
significantly, then the original time step is probably too large to solve
the problem accurately.

Theta Weighting Factor - The default value for this factor is 1.0, which
provides the greatest amount of stability for the solution, but may
reduce the accuracy. After the user has a working model, this factor
should be reduced towards 0.6 to see if the results change. If the
results do change, then the new value should be used, as long as the
model stays stable. Be aware that using a value of 0.6 gives the
greatest accuracy in the solution of the equations, but it may open the
solution up to stability problems.

Weir/Spillway Stability Factors — If you are using these factors to
maintain stability, try to reduce them to the lowest value you can and
still maintain stability. The default value is 1.0, which is no stability
damping.

Weir/Spillway Submergence Exponents — In general these parameters
will not affect the answers significantly, they only provide greater
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stability when a spillway/weir is at a very high submergence. Try
reducing them towards 1.0 (which is no factor) to see if the model will
remain stable.

Physical Parameter Sensitivity. Physical Parameter Sensitivity is
the process of adjusting hydraulic parameters and geometric
properties in order to test the uncertainty of the models solutions.
This type of sensitivity analysis is often done to gain an understanding
of the possible range of solutions, given realistic changes in the model
parameters. Another application of this type of sensitivity analysis is
to quantify the uncertainty in the model results for a range of
statistical events (2, 5,10, 25, 50, 100 yr, etc...). The following data
are often adjusted during this type of sensitivity analysis:

Manning’s n Values — Manning’s n values are estimated from physical
data about the stream and floodplain. Sometimes Manning’s n values
are calibrated for a limited number of events. Either way, the values
are not exact! The modeler should estimate a realistic range that the
n values could be for their stream. For example, if you estimated an n
value for a stream as 0.035, a realistic range for this might be 0.03 to
0.045. The modeler should run the lower Manning’s n values and the
higher Manning’s n values to evaluate their sensitivity to the final
model results.

Cross Section Spacing — Cross section spacing should always be tested
to ensure that you have enough cross sections to accurately describe
the water surface profiles. One way to test if you have enough cross
sections is to use the HEC-RAS cross section interpolation routine, and
interpolate enough cross sections to cut the average distance between
cross sections in half. Re-run the model, if the results have not
changed significantly, then your original model was probably fine. If
the results do change significantly, then you should either get more
surveyed cross sections or use the interpolated cross sections. If you
use the interpolated cross sections, then you should at least look at a
topographic map to ensure that the interpolated cross sections are
reasonable. If the interpolated cross sections are not reasonable in a
specific area, then simply edit them directly to reflect what is
reasonable based on the topographic map.

Cross Section Storage — Portions of cross sections are often defined
with ineffective flow areas, which represents water that has no
conveyance. The extent of the storage within a cross section is an
estimate. What if the ineffective flow areas were larger or smaller?
How would this effect the results? This is another area that should be
tested to see the sensitivity to the final solution.

Lateral Weir/Spillway Coefficients — Lateral weir/spillway coefficients
can have a great impact on the results of a simulation, because they
take water away or bring water into the main stream system. These
coefficients can vary greatly for a lateral structure, depending upon
their angle to the main flow, the velocity of the main flow, and other
factors. The sensitivity of these coefficients should also be evaluated.

8-88



Chapter 8 Performing an Unsteady Flow Analysis

Bridge/Culvert Parameters — In general, bridge and culvert parameters
normally only effect the locally computed water surface elevations just
upstream and downstream of the structure. The effect that a bridge or
culvert structure will have on the water surface is much greater in flat
streams (a small increase in water surface can back upstream for a
long distance if the river is flat). However, the sensitivity of the water
surface elevations around a bridge or culvert may be very important to
localized flooding. The bridge and culvert hydraulic parameters should
also be evaluated to test their sensitivity.

Finding and Fixing Model Stability Problems

Detecting Model Stability Problems. One of the hardest things
about using an unsteady flow model is to get the model to be stable,
as well as accurate, for the range of events to be modeled. When you
first start putting together an unsteady flow model, undoubtedly you
will run in to some stability problems. The question is, how do you
know you are having a stability problem? The following is a list of
stability problem indicators:

1. Program stops running during the simulation with a math error, or
states that the matrix solution went unstable.

2. Program goes to the maximum number of iterations for several
time steps in a row with large numerical errors.

3. There are unrealistic oscillations in the computed stage and flow
hydrographs, or the water surface profiles.

4. The computed error in the water surface elevation is very large.
What do you do when this happens?

= Note the simulation time and location from the computation
window when the program either blew up or first started to go
to the maximum number of iterations with large water surface
errors.

= Use the HEC-RAS Profile and Cross Section Plots as well as the
Tabular Output to find the problem location and issue.

= If you cannot find the problem using the normal HEC-RAS
output - Turn on the “Computation Level Output” option and re-
run the program.

= View the time series and profile output associated with the
Computation Level Output option. Locate the simulation output
at the simulation time when the solution first started to go bad.

= Find the river station locations that did not meet the solution
tolerances. Then check the data in this general area.

The Computational Window is the first place to look for problems.
When the maximum number of iterations is reach, and solution error is
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greater than the predefined tolerance, the time step, river, reach, river
station, water surface elevation and the amount of error is reported.
When the error increases too much, the solution will stop and say
“Matrix Solution Failed”. Often the first river station to show up on the
window can give clues to the source of instabilities.

An example of the Computation Window with an unstable model
solution is shown in Figure 8-45.

HEC-RAS Finished Computations

Geametry Processar

River: Beaver Crask RS: R0
Reach: Fentwood Mode Type:  Crogz Section
|B Curver

Unzteady Flow Simulation

Sirmulation:

Timne: 20000 13FEB1933  00:00:00 Iteration: 0
Whiting Hydrograph 57 of 57

Post Process

River: Beaver Crask RS: s |

Reach: F.entwaod Maode Type:  Cross Sechion

Profile: 11FEB1333 1200

Simulation: 20420

Computation Messages

Perfarming Unsteady Flow Simulation ersion 4.0 Beta ﬂ
b amirnumn iterations of 20 at: RS WS5EL ERROR J
09FEB1333 24:00:00 Beawer Creek  Kentwood A0 20550 -0.043
T0FEB1333 03:00:00 Beawver Creek  Kentwood 5.0 20027 0.065
T0FEB1999 04:00:00 Beawer Cresk  Kentwood 5.A03 204.11 0.0m
T0FEB1333 05:00:00 Beaver Creek  Kentwood 513 201.01 1.47
T0FEB1333 06:00:00 Beawer Creek  Kentwood h.0BR 21039 niar

Solution solver went unstable, ikeration 4 at TOFEE1333 07:00.00

Beawver Creek K.entwood 5.0 193,91 n.oao

Solution zolver went unstable, ikeration 14 at 10FEE1333 02:00:00

Beaver Creek Fentwood RA7TR 207 46 0.0

Solution solver went unstable, ikeration 2 at TOFEE1333 03:00.00

Beawver Creek K.entwood 5.0 20716 2.261
10FEB1333 10:00:00 Beawver Creek  Kenbwood 2.0 20454 0.951 ﬂ

Figure 8-45. Example Unsteady Flow Computation window with unstable solution.

The first place to look for instabilities and errors is the Computations
Window during and just after the simulation is run. The red progress
bar indicates the model went unstable and could not complete the
simulation. The Computation Messages window provides a running
dialog of what is happening in the simulation at a given time step in a
given location. This allows the user to watch errors propagate during
the simulation. Once the simulation has crashed, don’t close the
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Computations Window. Instead, scroll up through the messages and
try to determine where the propagation of errors began, and at what
time.

Sometimes the first error to occur is at the beginning of the simulation
and is just a result of the model settling out after the transition from
initial conditions to the first time step. Particularly if the error only
occurs once for that given river station. It is better to focus on
reoccurring errors or compounding errors first. The example shown in
Figure 8-46 shows a relatively small error at river station 259106*
that grows to 0.4 ft in the next few time steps.

Computation kMeszages

b airnum iterations of 20 at; RS wWS5EL ERROR
105EP2004 03:28:45 Patomac River Kitz-Sava 2677E8.9 1136.35 0023
105EP2004 03:29:00 Paotomac River Kitz-Sava 2677E8.9 1139.15 0634

105EP2004 032915 Potomac River Kitz-Sava
105EP2004 04:42:30 Potomac River Kitz-Sava
105EP2004 04:42:45 Potomac River Kitz-5av4
105EP2004 04:49:00 Potomac River Kitz-Savs
105EP2004 04:43:15 Potomac River Kitz-Sava
105EP2004 05:10:30 Potomac River Kitz-Sava

Cloze |

259108 3E033 0.ME
259108 382.10
259106

Figure 8-46. Example of growing computational errors.

Utilizing the Profile Plot.

The profile plot is typically the first graphical tool to use to try to
pinpoint instabilities. Obvious errors are shown distinctly in this plot
and you can see what is going on in the entire reach at the same time.
Stepping through each profile using the animation tool allows you to
see changes over time, including the progression of the flood wave as
well as propagation of errors. The profile output is taken from the
detailed output file. Therefore, it is sometimes necessary to refine the
detailed output interval to adequately see the beginning of instabilities.
The profile plot allows the user to click on a given node to determine
its river stationing. Find the node where the instability first occurs and
investigate further.

Computational Level Output for Debugging

An additional feature that has been added to HEC-RAS to help user’s
find model stability problems, is the “Computational Level Output”
option. When performing an unsteady flow analysis the user can
optionally turn on the ability to view output at the computation interval
level. This is accomplished by checking the box labeled Computation
Level Output on the Unsteady Flow Analysis window (In the
Computations Settings area on the window). When this option is
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File Wiew Help

selected an additional binary file containing output at the computation
interval is written out. Users can control what output is written to this
file from the options called Output Options. There is a tab labeled
“Computation Level Output Options” on this window that allows you to
control what gets written to this file, and there is also a time window
option for controlling the time period for writing this data. After the
simulation the user can view computation level output by selecting
either Unsteady Flow Spatial Plot or Unsteady Flow Time Series
Plot from the View menu of the main HEC-RAS window.

Visualization of computation level output can be accomplished with
either Spatial Plots or Time Series Plots. From the Spatial Plots the
user can view either a profile plot, a spatial plot of the schematic, or
tabular output. The user can select from a limited list of variables that
are available at the computation level output. These are water surface
elevation (XS WSEI); Flow (XS Flow); computed maximum error in the
water surface elevation (XS WSEL ERROR); computed maximum error
in the flow (XS FLOW ERROR); and maximum depth of water in the
channel (DEPTH). Each of the plots can be animated in time by using
the video player buttons at the top right of the window. This type of
output can often be very useful in debugging problems within an
unsteady flow run. Especially plotting the water surface error and
animating it in time. An example of the computational level output
spatial plot is shown in Figure 8-47.

Profile Plot | Schematic Plt] Table ] s wsel (M)

0.010

“. Unsteady Flow Spatial Plot E@g|
Files ... | Reaches ... | Prafiles .. | “ariahles ... | W PlotObserved Data  [11Feb193315:26:00 j J jﬂ ﬂ E\ Relnad File
15:26:00 J
depth [ft] Legend
vel channel [ft/g]
wel tatal [ft/s] T1FEB1999 15:26:00-x5 wesel error (ft)

0.005

0.006

0.004 7

x5 wael error ()

0.002
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o
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Main Channel Distance ()

Figure 8-47. Example Spatial Plot from Computational Level Output.

The other type of plot available at the computation interval output
level is the Unsteady Flow Time Series Plot. When this option is
selected the user will get a plot as shown in the Figure above. Some of
the same options and variables are available for the Time Series Plots
as were available for the Spatial Plots.
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Once a location of an instability is determined on the profile plot, or
the computational spatial plot, the cross section plot can be used to
further investigate the cause of the instability. The cross section plot
will show isolated problems such as incorrectly placed bank stations,
poor n-values, and bad station-elevation data. In addition, scrolling
through its neighboring cross sections can give you an idea of
transition problems like contractions and expansions that occur to
abruptly, poorly defined ineffective flow areas, or incorrectly handled
levees or natural high ground spots.

Detailed Log Output for Debugging

If you detect a possible stability problem, and you are unable to find
the location using the graphical output discussed above, another
option for finding the location of the problem is to turn on the detailed
log output for debugging. Detailed log output is turned on by selecting
Options and then Output Options from the Unsteady Flow
Simulation manager. When this option is selected the following
window will appear:

-

HEC-RAS - Set Cutput Control Options

Restart File Options Detailed Log Output l Computation Level Output Options | HDFS Write Parameters

[~ Echoinput hydrographs
[ Write parameter options and initial conditions
v wirite detailed log output for debuging:
Optional spedfied time window (entire simulation is used unleweaﬁedj
Starting Date: -1FEB 1999 Starting Time: 2EID
Ending Date: SFEB 1999 Ending Time: BEID|
[~ Echo computed hydrographs

oK

Cancel

Figure 8-48. Detailed Log Output Control

As shown in Figure 8-48, the tab labeled “Detailed Log Output” allows

the user to control this option. Three check boxes are listed.

The first

box can be used to turn on an echo of the hydrograph input to the
model. This can be used to ensure that the model is receiving the
correct flow data. The second check box can be used to turn on an
echo of the computed hydrographs that will be written to the HEC-

DSS. This is a good option for checking what was computed.

However, if the user has selected to have hydrographs computed at
many locations, this could end up taking a lot of file and disk space.
The third check box, labeled “Write detailed log output for debugging”,
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is used to control the detailed output of results from the unsteady flow
simulation. Selecting this option will cause the software to write
detailed information on a time step by time step basis. This option is
useful when the unsteady flow simulation is going unstable or
completely blowing up (stopping). Checking this box turns on the
detailed output for every time step. The user has the option to limit
this output to a specific time window during the unsteady flow
simulation. Limiting the log output is accomplished by entering a
starting date and time and an ending date and time. Additionally the
user can request that detailed log output only be written when the
program reaches a certain number of iterations.

Viewing Detailed Log Output. After the user has turned on the
detailed log output option, re-run the unsteady flow simulation. The
user can then view the detailed log output by selecting View
Computational Log File from the Options menu of the Unsteady
Flow Simulation window. When this option is selected the detailed log
output file will be loaded into the default text file viewer for your
machine (normally the NotePad.exe program, unless you have
changed this option within HEC-RAS).

The detailed log output file will contain the following output:

DSS Output: Shows all of the hydrograph data that will be used as
input to the model, including data read from HEC-DSS.

Unsteady Flow Computations Output: Detailed unsteady flow
calculations including:

e Job control parameters

¢ Initial conditions calculations

e Detailed output for each time step

Table Output: Final computed hydrographs that are written to HEC-
DSS.

The program lists the computed initial conditions from a backwater
calculation for each of the river/reaches. They are listed in the order
they were computed during the backwater analysis, which is
downstream to upstream. An example of the initial conditions output
is shown in Figure 8-49 below.
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I beaver.bco - Notepad E@El

File Edit Format Wiew Help

Initial Conditions from Backwater solution ~
{Displayed upstream to downstream)

Eeaver Creek Kentwood

Riv. Sta. Flow WSEL  Crit Depth B3 Slope Area Topwidth  wvelocity
5.90 500,00 212.94 208,36 0. 0010145 523,27 232.82 0,958
5.97 500,00 212,88 210.12 0. 000BR03 462,448 218.25 1.081
5.951 500.00 212.78 210,28 0. 0010507 405,21 204 .34 1.234
5.93 500,00 212,64 210,51 0.0012506 352,26 186,90 1.41%
5.913 500,00 212,50 210,60 0.0014622 304,26 166.14 1.643
5.894 500,00 212,353 210,51 0. 00165595 263.13 150,78 1.900
3.875 300,00 212.15 210,21 0. 0018348 227.94 134.41 2.1%94
5.835 500,00 211.95 208,85 0. 001e77T0 200,05 116. 86 2. 488
5.836 500,00 211.74 208,45 0. 0020608 185,95 05,42 2. 688
5.81 500.00 211.55 200,14 0.0017232 183,89 G0, 51 2.719
5.798 500,00 211.40 208,77 0. 0014500 216,29 14527 2.312
5.779 500,00 211. 25 208,40 0. 0010977 307.30 258,608 1.627
5.76 500,00 211. 22 208,04 0.0007327 459,43 329,33 1.088
5.741 500,00 211.11 208,35 0.0012069 327.98 288.06 1.524
5.72 00,00 210.97 208.82 0. 0015537 245,04 197,64 2.0353
5.703 500,00 210,82 208,02 0. 0013225 231.52 112.44 2.160
5.6885 500.00 210,70 208, 84 0.0011421 231.12 108,38 2.163
5.666 500,00 210,58 208,61 0. 0010758 244 .18 155,00 2.048
5.6047 500,00 210.47 208,30 0. 00109309 278.095 235,54 1.792
5.628 500,00 210,358 208.03 0. 0009833 336.36 276,64 1.487 3
4 >

Figure 8-49. Example of Initial Conditions Output.
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During the unsteady flow computations, the program will output
detailed information for cross sections, bridges/culverts, inline
weir/spillways, lateral weir/spillways, storage areas, and storage area
connections. This information should be reviewed closely when the
software is having stability problems. An example of the detailed
output for cross sections is shown in Figure 8-50 below.

& beaver.bco - Notepad E@El

File Edit Format wiew Help
COMPUTED STAGES AND DISCHARGES AT T = 0.1667 HOURS -  2/10/1999 AT TIME 00:10:C A
Beaver Creek Kentwood

Riv. Station bt [n} W Riw. Station z [} % Riwv. ST
5.99 212.14 336,30 0.583 5.798 210,681 328,08 2.29 5.€
5.97 212.08 334,72 1.08 5.779 210,54 327.78 1.84 5.5¢
5.951 211.95 333,31 1.24 5.78 210.45 327.35 1.28 5.57
5.93 211,81 332.12 1.50 5,741 210.40 326.99 1,82 5.55
5,913 211,64 331.06 1.78 5.72 210.28 326,84 2.13 5. 54
5.804 211.44 330.13 2.15 5.703 210.13 326,77 2.03 5.52
5.875 211. 22 3259.48 2.52 5.685 210,00 326,77 1.96 5.5C
5.855 211.02 328.97 2.89 5.668 209, 85 326,84 1.595 5.4¢
5.836 210,85 328.57 2.88 5.647 209,79 326,99 1.85 5.47
5.81 210,71 328.30 2.51 5.628 209,69 327.24 1.63 5.45
5.44 209,07 331.75 1.17 5.274 208,53 339,53 1.78 5.1
5.425 209,07 3532.48 0. 84 5.258 208,22 340,42 2.18 5.11
5.41 209,07 EEEREL] 0,88 5,242 207.81 3471.41 2.77 5.08
7.39 209,07 333,309 0. 88 5.228 207,209 342,20 3.70 .08
5.37 209, 06 334.40 0. 84 5.21 206.79 342.71 3.89 5.0€
5.35 209,03 335.26 1.12 5,164 206.33 343.29 3.94 5. 04
5.33 208,97 336,35 1.54 5.178 205,98 343,98 3.56 5.03
5.31 208, 86 337.52 1.63 5.162 205,75 344, 83 3.04 5.01
5.29 208,74 338,58 1.47 5.148 205,63 345,90 2.47 5.v

4 ¥

Figure 8-50. Detailed Output at a Cross Section

When the program has stability problems, it will generally try to solve
them by iterating. An example of a stability problem is shown in
Figure 8-51. In this example the program did not solve the equations
to the specified tolerances, and therefore it was iterating to improve
the solution. As shown in Figure 8-50, the program iterated to the
maximum number of iterations. At the end of the iterations a warning
message states “WARNING: USED COMPUTED CHANGES IN FLOW
AND STAGE AT MINIMUM ERROR. MINIMUM ERROR OCCURRED
AT ITERATION XX.” This message means that the program could
not solve the unsteady flow equations to the required tolerance within
the specified number of iterations (default number of iterations is 20).
Therefore it used the iteration that had the least amount of error in the
numerical solution.
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B Stability2.bco - Notepad
File Edit Format Wiew Help

wiw start of New Time Step

Iter River
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1 Beaver
2 Beaver
3 Beavar
4 Beaver
5 Beaver
6 Beaver
7 Beaver
8 Beaver
9 Beaver
10 Beaver
11 Beaver
12 Beaver
13 EBeaver
14 Beaver
15 Beaver
16 EBeaver
17 Beaver
18 Beaver
19 Beaver
20 Beaver

WARNING,

creek
Creek
Creek
creek
creek
Creek
creak
creek
Creek
creak
creek
Creek
creak
creek
Creek
Creek
creek
Creek
Creek
creek
creek

solwing for Time window

station

LA LN L LN L LU T U L L
CO0oOoDOoODD00D000D000D00

we¥

Elev
211.
211.
211,
210,
210,
210,
210,
210,
209,
209,
209,
209,
209,
209,
209,
209,
209,
2059,
209,
209,
209,

USED COMPUTED CHANGES INM

w

72
33
03
78
57
39
24
11
99
88
70
70
62
54
47
40
33
27
21
15
[of]

DZ
0.77162
-0.55761
-0.43827
-0, 35800
—-0.26612
-0.25120
-0.21750
-0.18B98
-0.165978
-0.14935
-0.13614
-0.12276
-0.1121%
-0.11670
-0.10709
-0.09978
-0.09408
-0, 08569
—-0.08645
-0, 08426
-0. 08318

sTo
STo
STo
sTo
STo
STo
sTO
STo
STo
sTO
sTo
STo
sTO
sTo
STO
STo
sTo
STo
STo
sTo

20.91667
starage £5a
#1 205,82
#1 205,82
#L 205,82
#1 205,82
#1 205,82
#L 205,82
#1 205,82
#1 205,82
+1L 205,82
#1 205,82
#1 205.82
#1 205,82
#1 205,82
#1 205,82
#1 205,82
#L 205,82
#1 205,82
#1 205,82
#L 205,82
#1 205,82
#1 205,82

STo

FLOW AMD STAGE AT

MINIMUM ERROR.

To

21. 00000 Hours

DZsa

L06177
L0002
. 00002
L 00007
L 00006
. 00004
. Q0003
L 00002
. 00002
Qo002
JRelalolonn
L0001
L0000l
JRelalolonn
L0001

00000
00000

00000
. 00000
00000
00000

river

Beaver
Beaver
Bezawver
Beaver
Beaver
Bezawver
Beavear
Beaver
Beawver
Beavear
Beaver
Beawver
Beavear
Beaver
Beawver
Bezawver
Beaver
Beaver
Bezawver
Beaver
Beaver

MIMIMUM ERROR

FBx

t

station Q D
craek 5.0 11835 8277
Creek 5.0 12548 1019
Creek 5.0 13160 874
craek 5.0 13611 G544
Creek 5.0 13953 488
Creek 5.0 14205 360
creek 5.0 14393 269
Creek 5.0 14545 216
Creek 5.0 14654 156
creek 5.0 14755 144
Craek 5.0 14829 106
Creek 5.0 145896 GG
creek 5.0 14952 7o
craek 5.016 13156 54
Creek 5.0 14986 46
Creek 5.0 15020 49
craek 5.0 15049 42
Creek 5.0 15072 33
Creek 5.0 15090 25
craek 5.0 15103 18
Creek 5.0 15110 11
OCCURED DURIMG ITERATION 20. Z

Figure 8-51. Example Detailed Time Step Output for Cross Sections

One way to find and locate potential stability problems with the
solution is to do a search in the file for the word “WARNING”. The
user then needs to look at the detailed output closely to try and detect
both where and why the solution is going bad.

The variables that are printed out during the iterations are the
following:

Iter

River

Station

Elev

Dz

Storage
Zsa

Dzsa

River

Station

Q

= lteration Number

is occurring.

location

Name of the storage area.

The name of the river in which the largest stage error

River station with the largest error in the calculated
stage.

Computed water surface elevation at that river station

The “Numerical Error” in the computed stage at that

Computed elevation of the storage area

= The “Numerical Error” in the computed storage area
elevation.

occurring.

of flow

Computed flow

The name of the river in which the largest flow error is

River station with the largest error in the calculation
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DQ = The “Numerical Error” in the computed flow at the
listed river station

After the iterations output, the program will show the computed stages
and flows for all of the cross sections in which the user has selected to
have hydrographs computed. This is also useful information for
detecting model stability problems. It is not always obvious as to
which cross section or modeling component is causing the problem.
Sometimes the program may blow up at one cross section, but the real
problem is caused by a cross section upstream or downstream from
this location. Detecting, finding, and fixing stability problems wiill
require lots of experience to become proficient at it. Good luck, and
don’t get to discouraged!!!
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Performing a Dam or Levee Breach Analysis with HEC-RAS

HEC-RAS has the ability to perform Dam or Levee breaching analyses.
User can perform a breach analysis on multiple Dams and/or levees
simultaneously within the same unsteady flow run (There is no limit to
the number of breach locations). Breach data can be entered for a
any and all Dams (Inline Structures) and Levees (Lateral Structures),
however there is an option to turn specific locations on or off for any
specific analysis.

The breach data entered, and the erosion process used in HEC-RAS for
a Dam or a Levee is almost identical. Dams are entered as Inline
Structures in HEC-RAS, and Levees are entered as Lateral Structures.
Both types of structures have a breaching option, and the breaching
editor used is almost identical. There are some minor differences in
the data entered. Most of the differences are in how it is applied
hydraulically in the model.

Currently the user has two Breaching Methodologies to choose from,
either “User Entered Data” or “Simplified Physical”. The User Entered
Data method requires the user to enter all of the breach information
(i.e. breach size, breach development time, preach progression, etc...).
The Simplified Physical breaching method allows the user to enter
velocity versus breach down-cutting and breach widening
relationships, which are then used dynamically to figure out the breach
progression versus the actual velocity being computed through the
breach, on a time step by time step basis.

Note: The documentation in this chapter for dam and levee breaching
is just an overview of how to use the User Interface to enter the data.
For a more detailed discussion of Dam and Levee Breach, please go to
the section on Dam and Levee Breaching in Chapter 16 of this Manual
(Advanced Features for Unsteady Flow Analysis)

Dam (Inline Structure) Breach.

This option allows the user to perform a Dam Breaching analysis. The
breach data is stored as “Plan” information. This is done so the user
can try different breach locations, sizes, etc, without having to re-run
the geometric pre-processor. However, the user can get to the breach
data in two different ways. First there is a button on the Inline
Structure editor that is labeled Breach (Plan Data). Second, from the
Unsteady Flow Simulation Manager, the user can select Dam (Inline
Weir) Breach from the Options menu. When either option is
selected, the following window will appear (Figure 8-52).
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& —— T
Dam (Inline Structure) Breach Data

Inline Structure |Bald Eagle Cr. LockHaven 81454 ﬂ ﬂﬂ Delete this Breach ... | Delete all Breaches ... |

v Breach This Structure
Tk T r— Breach Plot | Breach Progression ] Simplified Physical ] Breach Repair {optional) ] Parameter Calculab:r] :J

Sak Sagh Cresk Saple DamSresk Sty Plan PWF - Van Thung Gliks Srescn Parameters 11272008
Center Station: 3250

Final Bottom Width: 361

Legend

Final Bottom Elevation: E _Gru.uF
' , »

Left Side Slope: 0.5 Bank Sta

Right Side Slope: 0.5 Final Breach

Breach Weir Coef: 2.6

Breach Formation Time (hrs): [0.8

Failure Mode; Fiping -

Piping Coeffident: 0.5
Initial Piping Elev: 620

Trigger Failure at: WS Elev o
Starting W5 575.8

Elevation (ft)

1000 2000 3000 4000 5000 £000 7000
Station (ft)

Figure 8-52. Dam Breach Editor

As shown in Figure 8-52, the user selects a particular Inline Structure
to perform the breach on. At the top left of the editor is an option
labeled: Breach This Structure - This check box is used to decide if the
program will perform the breach or not. In order for the breach to
occur this box must be checked. This box was added to allow the user
to turn certain breaches on or off, without losing the user entered
breach information.

Next the decision needs to be made as to whether the user is going to
compute the breach dimensions and development time and enter it as
“User Entered Data”, or if they want to use the “Simplified Physical”
breaching option (his option requires velocity versus erosion rate
information).

User Enter Breach Data

If the “User Entered Data” Breaching Method is selected, then the
following data must be entered for the breaching analysis:

Center Station - This field is used for entering the centerline stationing
of the final breach.

Final Bottom Width - This field is used to enter the bottom width of the
breach at its maximum size.
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Final Bottom Elevation - This field is used to enter the elevation of the
bottom of the breach after it has been fully developed.

Left Side Slope - This is the left side slope of the trapezoidal breach.
Right Side Slope - This is the right side slope of the trapezoidal breach.

Breach Weir Coef — This field is used for entering a weir coefficient for
the breach area. For an overtopping failure, or when the top of a
piping failure collapses, the program uses a weir equation to calculate
the flow through the breach. Suggested range of values are 2.0 to
3.2, with 2.6 as a default value for most earth dams.

Breach Formation Time (hrs) - This field is used to enter the breach
development time in hours. This time represents the duration from
when the breach begins to have some significant erosion, to the full
development of the breach.

Failure Mode - This option allows the user to choose between two
different failure modes, an Overtopping failure and a Piping failure.

Piping Coefficient - If a piping failure mode is selected, the user must
enter a piping coefficient. This coefficient is an Orifice coefficient,
which is used while flow is coming out of the dam in a piping mode.
Typical Orifice coefficients for a true designed orifice are around 0.8.
However, for a piping breach, the coefficient should be lower to
represent all of the additional energy losses occurring.

Initial Piping Elev. - If a piping failure mode is selected the user must
enter an initial piping elevation. This elevation should be entered as
the center of the piping flow while the breach develops.

Trigger Failure At - This field is used to select one of three trigger
methods for initiating the breach. The three trigger methods are: a
water surface elevation, a water surface elevation plus a duration of
time that the water is above that elevation, and a specific time and
date.

WS Elev - If the user selects water surface elevation for the failure
trigger mode, then an additional field labeled WS Start must be
entered. This field represents the water surface elevation at which the
breach should begin to occur.

WS Elev+Duration — If the user selects WS Elev+Duration for the
trigger mechanism of the failure, then they have three additional fields
of data to enter. The first variable is Threshold WS. This variable is
the water surface elevation at which the program starts to monitor the
flow for duration above this water surface. The second variable is
Duration above Threshold. This variable is used to specify the
duration that the water surface must be above the threshold water
surface elevation before the failure will initiate. The final variable,
Immediate initiation WS, is used to instruct the program to begin
the breach if the water surface in the structure reaches this elevation
or higher, regardless of the duration requirement. This last field is
optional.
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Set Time - If the user selects the Set Time option, then a starting
date and time to initiate the breach must be entered.

Breach Progression - In addition to all of the main breach information,
the user also has the option to enter a user specified Breach
Progression curve. By default the breach progression is assumed to be
linear between the breach initiation and the full breach size (Full
Formation Time). The user enters their breach progression curve by
selecting the Breach Progression tab. When this tab is selected, the
editor will look like the following (Figure 8-53):

Dam {Inline Structure) Breach Da

Inline Structure |Bald Eagle Cr. LockHaven 51454 j ﬂﬂ Delete this Breach ... | Delete all Breaches ... |
¥ Breach This Structure

Breach Method:  |User Entered Data Breach Plot i Breach Progression.
(¥ Use Proportional Vertical/Horizontal Growth Ratio

Center Station: Set to Linear ... | Sine Wave ... | " User Specified Vertical/Horizontal Growth Ratio: 1

Final Bottom Width:

lime Breaf:h - Breach Progression Plot
Final Bottom Elevation: Fraction Fraction
a a

0.05 0,006
0.1 0.024
0.15 0.054
0.2 0.095
0.25 0.146
0.3 0,206

Left Side Slope:
Right Side Slope:

Breach Weir Coef: z
Breach Formation Time (hrs): |0.8
Failure Mode: Piping - 0.35 0.273

Piping Coeffident: 0.5 0.4 0.345
'67 0.45 0.422

Initial Piping Elev: 20 0.5 0.5

Trigger Failure at: WS Elev ~| |12 0.55 0.578

) 0.6 0.655
Starting W5 676.8 0.65 0.727

0.7 0.794
0.75 0.854
0.8 0.905
0.85 0.946
0.9 0.976
0.95 0.994 Fraction of Breach Time

1 1

4
L2
L&
4
3]
L&
L7
_8]
LE]
10]

Fraction of Breach C om pletion

0.4 08

Figure 8-53. Dam Breach Editor with User Specified Breach Progression Tab Selected

As shown in Figure 8-53, the user enters a Time Fraction (from zero to
1.0) and a Breach Fraction (from zero to 1.0). The user-entered data
is plotted in the graphic next to the table. The breach progression
curve is then used during the breach formation time to adjust the
growth rate of the breach.

NOTE: Previous to version 4.2, the horizontal and vertical growth rate
of the breach was base on reaching the maximum breach depth and
width at the user entered “Breach Formation Time”. This means if a
user put in breach dimensions of 400 ft wide and 100 ft deep, over a
period of 2 hours, the horizontal growth rate was 200ft/hr and the
vertical growth rate was 50 ft/hr. While this was generally ok for Dam
breaches, it was not ok for levee breaching, in that levee breaches are
much wider than they are tall. As of version 4.2, RAS computes the
breach growth rate based on the breach “Final Bottom Width” and the
user entered “Breach Formation Time”. Then this same breach growth
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rate is used for the vertical down cutting of the breach. So in the
previous example of a 400 ft breach bottom width and a 2 hour breach
development time, the growth rate is 200 ft/hr, which is used for both
the down cutting and widening rates. User’s can change the vertical
Breach Growth Rate by entering a value other than 1.0 under the
option labeled “User Specified Vertical/Horizontal Growth Ratio” and
the Breach Progression Tab. If a user enters a value of 0.5, that
means you want the vertical growth rate to be half of what the
Horizontal growth rate gets computed to be.

WARNING: The breach growth rate change described in the previous
paragraph will generally results in RAS version 4.2 and newer yielding
a higher peak flow through the breach, than versions 4.1 and older. If
the user wants the same results as version 4.1 and older, you must
compute a vertical/horizontal growth rate that will results in the
breach reaching its maximum width and depth at the end of the
breach formation time. For example (assuming an overtopping
breach), if you specified a 400 ft breach bottom width and a 2 hour
breach formation time, this is a horizontal growth rate of 200 ft/ hour.
However, if you Dam is only 100 ft high, then to reproduce the version
4.1 or older results, the user would need to enter a “User Specified
Vertical/Horizontal Growth Ratio” of 0.25. This would cause the
program to grow the breach vertically down to the 100 ft depth in
exactly 2 hours. Piping breaches are more complicated, in that they
have an initial elevation for the hole, and the vertical growth is both up
and down.

The fourth Tab on the Breach editor is labeled Breach Repair
(Optional). This option allows the user to have the breach fill back in
during the unsteady flow simulation. This could represent attempts to
fill a breach during an event, or it could represent a repair of the
breach after the event. Depending on the length of time being
simulated, this may be a necessary option to represent what happened
over the longer time frame. If this option is selected the user is
required to enter three pieces of information: the number of hours
after the full breach to start the repair; total repair time; and the final
filled in elevation of the repair work. In general, this option was added
for levee breaching analysis, and is not normally used during a Dam
Breaching analysis.

The last Tab on the Breach Editor is Labeled Parameter Calculator.
This option allows the user to enter some physical data about a Dam,
and then using regression equations, it will compute potential Dam
Breach bottom Widths, side slopes, and breach development times.
Currently there are 5 different regression equations that have been
programmed into this calculator, they are: MacDonald et al (1984);
Froehlich (1995); Froehlich (2008); Von Thun & Gillete (1990); and Xu
and Zhang (2009).
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Simplified Physical Breaching

If the User selects to use the “Simplified Physical” Breach Method
from the drop down at the top of the editor, the Breaching Editor will
change to look the following way:

-
Dam {Inline Structure) Breach Data

Breach Method:

CamBreak win Simplifled Physical Breach  Plan: Damibreak Wi Simple Physkcal Breach 2282012 i‘
Center Station: 3900
Maix Possible Bottom Width: |1800] 7001
Legend
Min Possible Bottom Eley: 592 ——
: Ground
Left Side Slope: 2 Ban:Sta
5307
Right Side Slope: 2 Final Breach
Breach Weir Coef: 2.6
Breach Formation Time (hrs): |1 660
Failure Mode: Piping - =
Fiping Coeffident: 0.6 5 a0
"\
Initial Piping Elev: 620 H
w
Initial Piping Diameter: 1
[~ Mass Wasting Feature: 8207
Trigger Failure at: WS Elev o
Starting WS 568.1
5001
520 T T T T T 1
0 1000 2000 3000 4000 S000 000
Station (ft) -
4 L]

Inline Structure |Ba|d Eagle LocHav 81500 ﬂ ﬂﬂ Delete this Breach ... | Delete all Breaches ... |

¥ Breach Thiz Structure
— - Breach Plot | Breach Proaression | Simplified Physical | Breach Repair (optional) | Parameter Calculator |
Simplified Physical

OK | Cancel |

Figure 8-548-37. Simplified Physical Breaching Option for HEC-RAS

Once the User selects “Simplified Physical” breaching option, there are
several fields in which labels change, some additional information
required, and some previous information that is not required. The
main changes between this method and the “User Entered Data”
breach method are the following:

Max Possible Bottom Width — This field is now used to enter a
maximum possible breach bottom width. This does not mean this will
be the final breach bottom width, it is really being used to limit the
breach bottom width growth to this amount. The actual bottom width
will be dependent on the velocity verses erosion rate data entered, and
the hydraulics of flow through the breach. This field is used to prevent
breaches from growing larger than this user set upper limit during the
run.

Min Possible Bottom Elev — This field is used to put a limit on how far
down the breach can erode during the breaching process. This is not
necessarily the final breach bottom elevation, it is a user entered
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limiter (l.e. the breach cannot go below this elevation). The final
breach elevation will be dependent on the velocity verses erosion rate
data entered, and the hydraulics of flow through the breach.

Starting Notch Width or Initial Piping Diameter — If the Overtopping
failure mode is selected, the user will be asked to enter a starting
notch width. The purpose of this is that the software will us this width
at the top of the dam to compute a velocity, from the velocity it will
get a down cutting erosion rate (based on user entered data), which
will be used to start the erosion process. If a Piping Failure model is
selected, the user must enter an initial piping diameter. Once the
breach is triggered to start, this initial hole will show up immediately.
A velocity will be computed through it, then the down cutting and
widening process will begin based in user entered erosion rate data.

Mass Wasting Feature — This option allows the user to put a hole in the
Dam or the Levee at the beginning of the breach, in a very short
amount of time. This option would probably most often be used in a
levee evaluation, in which a section of the levee may give way (Mass
Wasting), then that initial hole would continue to erode and widen
based on the erosion process. The require data for this option is a
width for the mass wasting hole; duration in hours that this mass
wasting occurs over (this would normally be a short amount of time);
and the final bottom elevation of the initial mass wasting hole (it is
assumed that the hole is open all the way to the top of the levee or
Dam if this option is used).

When using the “Simplified Physical” breaching option, the user is
required to enter velocity versus Downcutting erosion rates, as well as
velocity versus erosion widening rates. To enter this data the user
selects the “Simplified Physical” breach Tab. When this Tab is selected
the editor will look like the following:
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Figure 8-55. HEC-RAS Simplified Physical Breach Option.

As shown in Figure 8-55 above, the user is required to enter Velocity
versus Down-cutting erosion rates and velocity versus erosion
widening rates. This data is often very difficult to come by. User’s will
need to consult with Geotechnical engineers to come up with
reasonable estimates of this data for your specific Levee or Dam.
Another way to estimate this information is to try to derive it by
simulating a historic Levee or Dam breach, and adjusting the velocity
versus erosion rate data until the model simulates the correct breach
width and time. This is obviously an iterative process, and may
require the user to perform this at multiple locations to see if there is a
consistent set or erosion rates that will provide a reasonable model for
simulating Levee breaches (or Dams) in your geographical area.

We realize that this data is not readily available for any specific levee
or dam. The hope is that over time we will be able to develop
guidelines for these erosion rates based on analyzing historical levee
and dam breaches.
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Levee (Lateral Structure) Breach.

This option is very similar to the Dam Break option described
previously. The only difference is that the breaching is performed on a
levee. The options and data entered to describe the breach is the
same as a Dam Break.

In order to use this option, the user must first define the levee as a
lateral structure within HEC-RAS. The lateral weir profile is used to
describe the top of the levee along the stream both at and between
the cross sections. Second, a weir coefficient is entered for calculating
the flow that may go over top of the levee if the water surface gets
high enough. Entering breach data for the levee can be accomplished
from the lateral weir editor or from the Levee (lateral structure)
Breach option from the Unsteady Flow Simulation window. The levee
breaching data is stored as part of the unsteady flow plan file, just as
it is for a dam break. When the levee breach option is selected, a
breach editor will appear as shown in Figure 8-56.

Levee (Lateral Structure) Breach
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Center Station:

Max Possible Bottom Width: |1400 2954 Legend
Min Possible Bottom Elev: 210 ‘m‘
Left Side Slope: 1 Ground
2201 [~
Right Side Slope: 1 Ban:Sta
Breach Weir Coef: 6 Final Breach
Breach Formation Time (hrs):|2 2137
§ &
Failure Mode: COvertopping = “,“
= *
. _— 05 c [ )

Piping Coefficent % 2104 e 1

Initial Piping Elev: 214 2 THas g ae et

Starting Motch Width: 2

e
¥ Mass Wasting Feature: 208
) —a

Width: 20 l—_"_—'"‘—ll——",__"__“—_'

Duration (hrs): 0.16667 2004 —

Final Bottom Elev 212

(Optional):
Trigger Failure at: WS Eley - 195 T T T T T T T T 1

=200 o 200 400 500 300 1000 1200 1400 1600
Starting WS
g 218.5 Station (ft) i
Eu | C

Levee Breach With Erosion vs Velocity Plan: Unsteady with Lat 2/28/2012
300

OK | Cancel |
Figure 8-56. Levee Breaching Editor

As shown in Figure 8-56, this editor contains the same information as
the Dam Breach editor. For a description of the variables please
review the section on Dam Breaching above. More detailed
information about levee breaching can be found in Chapter 16 of this
manual.
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Using HEC-RAS to Compute Ungaged Lateral Inflows

Introduction

This section of the manual illustrates how to use the ungaged lateral
inflow option in HEC-RAS. The ungaged inflow can be used either to
recreate historical, lateral inflows, or it can be used in forecast mode
to determine the inflows for future downstream routing. This section
discusses the required input data and viewing the output. A more
technical discussion of the numerical modeling can be found in the
hydraulic reference manual.

Observed Stage and Flow Data

After an unsteady RAS project has been calibrated, the first step in
developing an ungaged inflow model is to enter the internal observed
stage and flow data at the known gage locations. From the Unsteady
Flow editor, select the river station that the gage is at, press the “Add
a Boundary Condition Location” button and then click on “1B
Stage/Flow” (Figure 8-55).
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nsteady Flow =
File Options Help
Boundary Conditions | Initial Conditions | __Apply Data |
Boundary Condition Types
Stage Hydrograph I Flaw Hydrograph | StageFlow Hydr, | Rating Curve
Mormal Depth I Lateral Inflow Hydr, | Unifarm Lateral Inflow | Groundwater Interflow
T.5, Gake Openings I Elew Controlled Gates | Mawigation Dams | IE Stage Flow

Rules I @ E

Add Boundary Condition Location

|
AddRS ... | Add Storage Area ... | add 58 Conneckion ... | &dd Pump Station ... | 1
Select Location in table then select Boundary Condition Type
River Reach RS Boundary Condition

1|RedFox Lipper 100 Flow Hydrograph
2 |RedFox Lipper &l éIB Stage Flow a
3|RedFox Lipper 20, IE Stage Flow
4|RedFox Lipper 1] Mormal Depth

Ohserved D55 data set

Figure 8-55. Unsteady Flow Boundary Conditions Editor.

This will bring up the Observed Stage and Flow Hydrograph editor:
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File:

Internal Boundary Stage and Flow Hydrograp
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Figure 8-56. Internal Stage and Flow Boundary Condition Editor.

The gage data may either be linked to a DSS file or it can be entered
in the table. For use in forecast mode, (optimization based on stage),
stage is the only data that is required. For use in historical flow mode,
(optimization based on flow), both stage and flow data is required (see
hydraulic reference for more info).

Lateral Inflow Computations

Next, the required data for the ungaged lateral inflow should be
entered. From the Unsteady Flow Analysis editor, choose Options and
click on ungaged lateral inflow. (After ungaged inflow data has been
entered, there will be a text message at the bottom of the unsteady
run editor indicating that this plan has ungaged inflow. The ungaged
lateral inflow editor can be accessed directly by clicking on this
message.)
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Unsteady Flow Analysis
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Figure 8-57. Selecting the Ungaged Lateral Inflow Option.

Now the data for the ungaged lateral inflow can be entered (Figure 8-
58).
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Ungaged Lateral Inflows

Computation Parameters

Optimization Mode Optimization Target
&+ Sequential " Stage (forecast mode) MNumber of Iterations: Ill.’J Smoothing Window (hrs): IZ
" Flow (historical record) | Flow Conv Criteria (cfs): IlU

 Simultaneous

Mew ... | Delete ... |Ungaged Area: IUNGAGED 20 ;I ﬂﬂ Rename Gage ... |

—Gage Location
Location:  RedFox Upper RS: 20. SetRS ... I

r~Lateral Inflow Distribution

Add Lateral Inflaw ... | Add Uniform Lateral Inflow ... | Delete Inflow ... |
River Reach RS Lower RS | % |Contrib Area | Lag Time (hrs) | Max Flow (opt.) | Min Flow (opt.) | D55
RedFox 100 30 2.5 100000 0 RAS!

oK | Cancel |

Fnter the contributing area that corresponds to this inflow,

Figure 8-58. Ungaged Lateral Inflow Editor.

By default, the Optimization Mode and Optimization Target are set to
Sequential and Stage, respectively (see hydraulic reference manual).
The “Number of Iterations” is the maximum number of times that
HEC-RAS will iterate (estimate ungaged inflow, lag and route the
lateral inflow, run the unsteady model, and check for convergence)
when computing the ungaged inflow. The “Flow Conv Criteria” is the
flow tolerance (in cfs or m”™3/s). RAS will iterate until the flow
tolerance is met (based on average, least-squared difference—see
hydraulic reference) or the maximum number of iterations has been
met. If the user enters a value for the “Smoothing Window,” then RAS
will apply a running-average when computing the ungaged inflow
(hydraulic reference...). The previous data (the information at the top
of the editor) is only entered once and it applies to all of the known
gage/routing reaches.

To enter information for a particular gage, the first step is to click on
<New=> and enter the name of the gage (or other descriptive name for
the inflow into this routing reach). Next, clicking on <Set RS> allows
the user to enter the location of this gage. (Important: this river
station should match a river station that was entered on the unsteady
flow editor for Internal Observed Stage and Flow!)

The unknown lateral inflows are added by clicking on <Add Lateral
Inflow> (for a stream or point source) or by clicking on <Add Uniform
Lateral Inflow> (for a disperse inflow). The “Contrib. Area” column is
used to enter the contributing area for each of the unknown lateral
inflows for the current reach. These areas are summed and then a
percentage is assigned to each lateral inflow. This is only applicable if
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a particular known gage/routing reach has more than one unknown
inflow. After RAS has determined the total unknown inflow for a given
routing reach, the program will proportion the flow between the
various lateral inflows based on the ratio of Contributing Areas. In the
above example, the contributing area has been entered as a
percentage. The uniform inflow stating at river station 70 will get 20%
of the flow and the lateral inflow at RS 50 will get the remaining 80%.
The contributing areas could also have been entered as a decimal
fraction (0.2 and 0.8). Alternately, the user could enter the actual size
of the contributing watersheds (e.g., 100 and 400 sq. mi. ). Since the
division is proportionately based, the units of contributing area do not
need to be specified. Regardless of how the area is entered, RAS will
compute and display the percent flow for each area.

The “Lag Time” is used by the program when routing the unknown
inflow. The amount of unknown inflow is computed at the gage
location. However, this unknown inflow enters the river system
upstream (that is, at an earlier point in time). The lag time is the
amount that the program will shift the lateral hydrograph back in time
when it routes the inflow and reruns the program. It should be the
approximate travel time from the lateral inflow location to the gage
station.

For each unknown inflow, the user can specify an optional maximum
and minimum flow. The program will limit the lateral inflow to these
values. This may be needed to prevent the program from computing
hydraulically unreasonable flows.

Finally, an Optional DSS B part can be specified. After the inflows
have been computed, RAS will write the lateral hydrograph out to DSS.
The B part of the pathname will either be that specified by the user, or
the default name. The default name is, “UNGAGED INFLOW #,” where
# is the river station for a particular lateral inflow (either 70 or 50 in
the above example).

After all the lateral inflow information has been entered, additional
routing reaches can be added (only applicable if the given RAS project
has more than one known gage) by clicking the <New=> button and
repeating the process. Different routing reaches can be selected from
the drop down menu next to the Ungaged Area Name. Clicking
<Delete> will remove the actively displayed routing reach.

Computations and Output

After all the information has been entered, the ungaged inflows can be
computed by running RAS normally (clicking the <Compute> button
on the main run editor). The results can be viewed by using the DSS
viewer inside of RAS.
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File Utilties

i~ Time Window
StartngDate:  |020AN2000 2|  Starting Time: [a100 Gear | | Number of paths: | 439
Ending Date: Da3aN2000 |  EndingTime: [0100 Plan Time | File Size: [ tume

DS5 File: Id:\HEC Data\HEC-RAS\Example Applications\UngagedareaInflows\Ungaged_area dss ;I EI Update Catalog |
Part A | PartB | Part C PartD | Part £ | Part F
Filter |unGaceD mFLow | \ | |
01JANZ000 30MIN UNGAGED FLOW

1[REDFOX UPPER UNGAGED INFLOW 50 FLOW
2| REDFOX UPPER UNGAGED INFLOW 80

01JAN2000 UNGAGED FLOW

Select entire filtered list Select highlighted DSS Pathname(s) I =< Previous || Mext ==

Clear Selected List I Close

Flot/Tabulate Selected Pathname(s) I

Figure 8-59. HEC-DSS Viewer inside of HEC-RAS

Once a record is selected to view, press the Plot/Tabulate Selected
Pathname(s) button and the plot will appear as shown in Figure 8-

60.

File Options Help
Path: {(al Paths)
Plot | Table |

UNGAGED INFLOW 50 UNGAGED INFLOW 80

Jensen

Legend
= S —
UNGAGED INFLOW S0
UNGAGED INFLOW 80

FLOW (CFS)

1200 1800 2400 1200 1800 2400 0600
| 04Jan2000

02Jan2000 03Jan2000

Figure 8-60. Plot of Computed Ungaged Inflows.
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CHAPTER 9

Viewing Results

After the model has finished the steady or unsteady flow computations
the user can begin to view the output. Output is available in a
graphical and tabular format. The current version of the program
allows the user to view cross sections, water surface profiles, general
profiles, rating curves, X-Y-Z perspective plots, hydrographs, detailed
tabular output at a single location, and summary tabular output at
many cross sections. Users also have the ability to develop their own
output tables. Additionally, if your model is georeferenced, you can
also create inundation maps, and perform animations of inundated
areas within HEC-RAS Mapper.

Contents

e Cross Sections, Profiles, and Rating Curves

e X-Y-Z Perspective Plots

e Tabular Output

e Viewing Results From The River System Schematic
e Stage and Flow Hydrographs

e Viewing Computational Level Output for Unsteady Flow
e Viewing Ice Information

e Viewing Data Contained in an HEC-DSS File

e Exporting Results to HEC-DSS

e Inundation Mapping with HEC-RAS Mapper

Cross Sections, Profiles, and Rating Curves

Graphical displays are often the most effective method of presenting
input data and computed results. Graphics allow the user to easily
spot errors in the input data, as well as providing an overview of the
results in a way that tables of numbers cannot.

Viewing Graphics on the Screen

To view a graphic on the screen, select Cross Sections, Water
Surface Profiles, or Rating Curves from the View menu on the
HEC-RAS main window. Once you have selected one of these options,
a window will appear with the graphic plotted in the viewing area. An
example cross-section plot is shown in Figure 9-1. The user can plot
any cross section by simply selecting the appropriate reach and river
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station from the list boxes at the top of the plot. The user can also
step through the cross section plots by using the up and down arrows.

File Options Help

River: |Cri1:ica| cr. ﬂ ﬂ \EI | <+ i Reload Data
Reach: |U|3per Reach j River Sta.: |12 j ﬂﬂ

Critical Creek - Example 1 Plan: Modified Geometry Conditions  11/19/2014
Upstream Boundary - XSec 12

.1 I .08 I I A |
18307 3 Legend
WS 100 yr
1825 [
Ground
*
18201 Bank Sta
E
5
w7 1815
=
o
w
1810
1805
1800 T T T T T !
0 200 400 500 200 1000 1200
Station (ft)

Figure 9-1 Example Cross Section Plot

An example profile plot is shown in Figure 9-2. The profile plot
displays the water surface profile for the first reach in the river
system. If there is more than one reach, additional reaches can be
selected from the Options menu on or the reach button at the top of
the window.

An example rating curve plot is shown in Figure 9-3. The rating curve
is a plot of the water surface elevation versus flow rate for the profiles
that were computed. A rating curve can be plotted at any location by
selecting the appropriate reach and river station from the list boxes at
the top of the plot.
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Figure 9-2 Example Profile Plot
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Figure 9-3 Example Rating Curve Plot
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Graphical Plot Options

Several plotting features are available from the Options menu on all
of the graphical plots. These options include: zoom in; zoom out;
selecting which plans, profiles, reaches and variables to plot; and
control over labels, lines, symbols, scaling, grid options, zoom window
location, font sizes, and land marks. In addition to using the options
menu at the top of each graphic window, if a user presses the right
mouse button while the cursor is over a graphic, the options menu will
appear right at the cursor location. In general, the options are about
the same on all of the graphics.

Zoom In. This option allows the user to zoom in on a portion of the
graphic. This is accomplished by selecting Zoom In from the Options
menu, then specifying the area to zoom in on with the mouse.
Defining the zoom area is accomplished by placing the mouse pointer
at a corner of the desired zoom 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 graphic. A small window
showing the entire graphic will be placed in one of the corners of the
graphic. This window is called the Zoom Window. The Zoom
Window shows the entire graphic with a box around the zoomed in
area. The user can move the zoom box or resize it in order to change
the viewing area.

Zoom Previous. This option will re-display the graphic back to the
size that it was one operation previous (i.e. if | zoomed in three times,
then select Zoom Previous, the window would go back to the size it
was after the second zoom in). HEC-RAS will remember the last 10
window sizes of the graphic and allow the user to use the Zoom
Previous to go back through them.

Zoom Out. This option doubles the size of the currently zoomed in
graphic.

Zoom In/0Out Shortcut. User can now use the mouse wheel to zoom
in and out. Place the mouse pointer over the location where you want
to zoom in and push the mouse wheel foreword. To zoom out, pull the
mouse wheel back.

Full Plot. This option re-displays the graphic back into its original size
before you zoomed in. Using the Full Plot option is accomplished by
selecting Full Plot from the Options menu.

Pan. This option allows the user to move the graphic around while in
a zoomed in mode. After zooming in, to move the graphic around,
select Pan from the Options menu. Press and hold the left mouse
button down over the graphic, then move the graphic in the desired
direction. A shortcut to selecting the Pan option is to hold down the
Shift Key to put the pointer into the Pan mode. Simply release the
Shift Key to turn off the Pan mode.

Measuring Tool. On any of the HEC-RAS graphics, even the river
system schematic, the user can turn on a measuring tool and draw a
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multi point line (Called a polyline), and HEC-RAS will report back the
length of the line, the area of the polygon formed by connecting the
first and last point drawn, the dx length, the dy length, and the slope
(dx/dy). To use this option simply hold down the Control Key while
over the graphic, then draw the multi point line by pressing the left
mouse button at each location you want to have a point. To end the
line, simple release the Control key after the last point is drawn.

Animate. This option was developed for unsteady flow output
analysis, but can also be used for steady flow output. This option
works with the cross section, profile, and X, Y, Z perspective plots.
When this option is selected, a window will appear that allows the user
to control the animation of any currently opened graphics. The user
has the option to too “play” a graphic, which means to step through
the time sequence of computed profiles. In a steady flow analysis, it
can be used to switch between the profiles conveniently.

Plans. This option allows the user to select from the available Plans
for plotting. The default plan is the currently opened plan. The user
can select additional plans to view for comparison of results
graphically.

Profiles. This option allows the user to select which profiles they
would like to have displayed on the graphic. This option does not
apply to the rating curve, it automatically plots all of the profiles.

Reaches. This option allows the user to select which river reaches
they would like to have displayed. This option only applies to the
profile plot.

Variables. This option allows the user to select whatever variables
are available for plotting. The number and type of variables depends
on what type of graphic is being displayed. The following is a list of
variables that can be found on the profile plot: water surface, energy,
critical water surface, observed water surfaces, Left main channel bank
elevation, right main channel bank elevation, reach labels, ice cover,
left and right levees, pilot channels, sediment elevations, and left and
right lateral structures. The cross section plot is has the following
eight variables: water surface, filled in water surface, energy, critical
depth, observed water surface, ice cover, Manning’s n values, and pilot
channels.

Labels. This option allows the user to change the labels for the plot
caption, as well as the labels used for the axis. The user can select
any or all of the following items to be added to the caption: project
title, plan title, run date, run time, geometry title, flow title, river and
reach names, cross section descriptions, cross section river stationing,
cross section node names, and any user defined additional text.

Lines and Symbols. This option allows the user to change the line
types, line colors, line widths, symbol types, symbol sizes, and symbol
colors, fill patterns, and the line labels. When the user selects this
option, a window will appear as shown in Figure 9-4.
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Figure 9-4 Line and Symbol Options Window

When the Line and Symbol Options window comes up, it will list only
the information from the current plot. When this window is in the
"Current Plot Line Styles" mode, the user can only change the
information for the current plot. If the user wants to change the
default line and symbol options for all of the plots, they must select
Default Line Styles at the top of the window. When this option is
selected, the user will be able to change the label, line, and symbol
options for every variable that is plotted in the program. To use this
option, the user finds the variable that they want to change from the
list on the left side of the window. Select that variable by clicking the
left mouse button while over top of the variable. Once a variable is
selected, the options that are set for that variable will be highlighted
with a red box around each option. The user can change whatever
option they want, as well as changing the label for that variable. If a
variable does not have a default label, you cannot enter one for that
variable. Once the user has made all of the changes that they want
to all of the desired variables, they should press the OK button. The
changes will be saved permanently, and any plot that is displayed
within HEC-RAS will reflect the user-entered changes.

Scaling. This option allows the user to define the scaling used for the
plot. Users are allowed to set the minimum, maximum, and labeling
increment for the X and Y axis. Scaling can be set temporarily, or
scaling can be set to be persistent (scaling stays constant for all cross
sections). Persistent scaling is only available for the cross section and
rating curve plots.

Grid. This option allows the user to overlay a grid on top of the
graphic. Users have the option to have both major and minor tics
displayed, as well as a border around the plot.

Zoom Window Location. This option allows the user to control
which corner of the plot that the zoom window will be placed, and the
size of the window.
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Font Sizes. This option allows the user to control the size of all of the
text displayed on the graphic.

Land Marks. This option is specific to profile plots. With this option
the user can turn on additional labels that will be displayed as land
marks below the invert of the channel. Three types of land marks can
be displayed: cross section river stations; node names; or cross
section descriptions. In addition to these three variables, once one of
the three are displayed, the user can select to edit the land mark
labels. This will allow the user to put a label at a specific location on a
plot.

Plotting Velocity Distribution Output

The user has the option of plotting velocity distribution output from the
cross section viewer. Velocity distributions can only be plotted at
locations in which the user has specified that flow distribution output
be calculated during the computations. To view the velocity
distribution plot, first bring up a cross section plot (select "Cross
Sections" from the view menu of the main HEC-RAS window). Next,
select the cross section in which you would like to see the velocity
distribution output. Select Velocity Distribution from the Options
menu of the cross section window. This will bring up a pop up window
(Figure 9-5) that will allow you to set the minimum velocity, maximum
velocity, and velocity increment for plotting. In general, it is better to
let the program use the maximum velocity range for plotting. Next,
the user selects Plot Velocity Distribution, then press the "OK"
button and the velocity distribution plot will appear as shown in Figure
9-6.

For details on how to select the locations for computing the velocity
distribution, see Chapter 7 and 8 of the User’'s Manual. For
information on how the velocity distribution is actually calculated, see
Chapter 4 of the Hydraulic Reference Manual.
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Figure 9-5 Velocity Distribution Options
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Figure 9-6 Velocity Distribution Plot

Plotting Other Variables in Profile

To plot variables other than the water surface in profile, select
General Profile Plot from the View menu of the main HEC-RAS
window. Any variable that is computed at a cross section can be
displayed in profile. An example would be to plot velocity versus
distance. Other variables can be selected from the Plot Variables
option under the Options menu of the plot. The user can plot several
different variable types at one time ( e.g., velocity and area versus
distance), but the scaling may not be appropriate when this is done.
Once a user has selected variables for plotting in profile, the plot can
be saved as a User Defined Plot. This is accomplished by selecting
Save Plot from the Options menu at the top of the window. Once a
user saves a plot, the plot can be recalled for any data set from the
User Plots menu at the top of the window. An example of plotting
variables in profile is shown in Figure 9-7. Additionally, the general
profile plot has some predefined plots that the user can pick from. The
predefined plots can be found under the Standard Plots menu at the
top of the graphic window.
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Figure 9-7 General Profile Plot of Variables Versus Distance

Plotting One Variable versus Another

The rating curve plotting window has the ability to plot other variables
besides discharge versus water surface elevation. Any variable that is
computed at a cross section can be displayed against another
computed variable (or variables). An example of this capability is
shown in Figure 9-8. In this example, Discharge (x-axis) is being
plotted against total flow area and main channel flow area (y-axis).

To plot other variables, the user selects the X Axis Variable and Y
AXxis Variables from the Options menu of the rating curve plotting
window. When selected variables to plot, keep in mind that all
variables selected for a particular axis should have a similar range in
magnitude.
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Figure 9-8 Example of Plotting One Variable Against Other Variables

Sending Graphics to the Printer or Plotter

All of the graphical plots in HEC-RAS can be sent directly to a printer
or plotter. The printer or plotter