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Chapter 1 Introduction

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, unsteady flow calculations.
Sediment transport computations will be added in a future version.

The HEC-RAS modeling system was developed as a part of the Hydrologic
Engineering Center's "Next Generation" (NexGen) of hydrologic engineering
software. The NexGen project encompasses several aspects of hydrologic
engineering, including: rainfall-runoff analysis; river hydraulics; reservoir
system simulation; flood damage analysis; and real-time river forecasting for
TESErvoir operations.

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

m HEC-RAS Documentation

m Overview of This Manual
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Chapter 1 Introduction

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 hydraulic analysis components, data storage and
management capabilities, graphics and reporting facilities.

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

The current version of HEC-RAS supports Steady and Unsteady flow water
surface profile calculations. New features and additional capabilities will be
added in future releases.

Overview of Program Capabilities

1-2

HEC-RAS is designed to perform one-dimensional hydraulic calculations for
a full network of natural and constructed channels. 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:

= File management

= Data entry and editing

= Hydraulic analyses

= Tabulation and graphical displays of input and output data

= Reporting facilities

= On-line help
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Hydraulic Analysis Components

Steady Flow Water Surface Profiles. This component of the modeling system
1s 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.

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, weirs, and
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 improvements, and levees.

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

Unsteady Flow Simulation. This component of the HEC-RAS modeling
system is capable of simulating one-dimensional unsteady flow through a full
network of open channels. The unsteady flow equation solver was adapted
from Dr. Robert L. Barkau's UNET model (Barkau, 1992 and HEC, 1997).
This unsteady flow component was developed primarily for subcritical flow
regime calculations. However, with the release of Version 3.1, the model can
now performed 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.

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 time periods (typically years, although applications
to single flood events are possible).

The sediment transport potential is computed by grain size fraction, thereby
allowing the simulation of hydraulic sorting and armoring. Major features
will include the ability to model a full network of streams, channel dredging,
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various levee and encroachment alternatives, and the use of several different
equations for the computation of sediment transport.

The model will be 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.

Data Storage and Management

Data storage is accomplished through the use of "flat" files (ASCII and
binary), as well as the HEC-DSS. User input data are stored in flat files under
separate categories of project, plan, geometry, steady flow, unsteady flow,
and sediment data. Output data is predominantly stored in separate binary
files. 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 many other hydraulic variables. A
three-dimensional plot of multiple cross-sections is also provided. 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.

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. The documentation has been broken up into the following three

categories:

Documentation

User's Manual

Hydraulic Reference Manual

Applications Guide

Overview of This Manual

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 started, a simple
example, 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. 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, general outline
of solution steps, displays of key input and
output screens, and discussions of important
modeling aspects.

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.
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Chapters 6-8 explain in detail how to enter and edit data, and how to
perform the different types of 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 deign 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; and navigation dams.

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.

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 SETUP.EXE. The Setup program
installs the software, 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

= Hardware and Software Requirements
= Installation Procedure

= Uninstall Procedure

Important

You cannot simply copy files from the distribution CD to your hard disk and
run HEC-RAS. You must use the Setup program, which decompresses and
installs the files to the appropriate directories.
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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
(a Pentium III or higher is recommended).

= A hard disk with at least 40 megabytes of free space (100 megabytes or
more is recommended).

= A CD Rom drive (or CD-R, CD-RW, DVD).

= A minimum of 32 megabytes of RAM if using Windows 95, 98, ME or
64 megabytes if using Windows NT, 2000 or XP (128 or more is
recommended).

= A mouse.

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

= MS Windows 95, 98, ME, NT 4.0, 2000, or XP (or later versions).

Installation Procedure

2-2

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:
2 Insert the HEC-RAS CD into your CD drive.
2 The setup program should run automatically.

3. If the setup program does not run, use the windows explorer to start
the setup.exe program on the CD.

4. 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 by opening Windows
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Explorer and dragging the HEC-RAS executable onto the desktop. The
HEC-RAS executable can be found in the c:\Program Files\hec'\ras directory
with the name "RAS.EXE".

Uninstall Procedure

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

From the Start Menu select Settings and then Contrel Panel.

From within the Control Panel folder select Add/Remove Programs.
From the Tab marked as Install/Uninstall select the HEC-RAS
program from the list of installed software, then press the
Add/Remove button.

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 and Unsteady
Flow water surface profile calculations, and will include Sediment Transport
and several hydraulic design computations in the future.

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, sediment 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. 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 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

= Starting HEC-RAS

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

= Reproducing HEC-2 Results

= (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:

RAaS

.
HEC-RAS 3.1

Figure 3.1 The HEC-RAS lIcon in Windows

To Start HEC-RAS from Windows:

*  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
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).

HEE-RAS-River Analysis System 2 '1. g -1 %]
Filz Edit Rum Wiew Options Help

O
lil };-\I HD | .?;l {:&_-:;I :_;_-__;lzl %’I &lEEI Hydralogic Engineering Center ‘ii%*m;h; :

U% Army Corps of Engincers

Praject: {Single Bridge - Example 2 JCAHECNR as 308D ata\BEAVCREK. prj

BPlar Press/afeir Mathod [CAHEC Ras3mData BEAVCREK. pli

Geometny: [Beaver Cr. + Bridge - PAW [T AHEC\R as30\Data\BEAYTREK gl

Steady Flow: {Beaver O - 3 Flows [CAHECYRas 30D ata\EEAYCREK. H

IInsteady Flow: | l

Egsi:iﬁ:atim > ﬁ_ B ]L{S Customary Linits

Figure 3.2 The HEC-RAS Main Window

3-2




Chapter 3 Working With HEC-RAS - An Overview

Edit _ ptions Help
Geometric Data... Program Setup — Contents
Steady Flow Data... Default Parameters Using HEC-RAS Help
Unsteady Flow Data... | Unit System... ——————e—i
Sediment Data... Convert Project About HEC-RAS
B HEC-RAS - River Analysis Systein Fi s T Loy x|
File Edit Run Yiew Opfions Help
1 ] 7 : o HT el rologic Engincering Center B e ﬁ
E‘ e Eg Ivl J’J:ﬁ;-‘l ?IZI\‘E”VI lI—’EIE][El IEDSS :ysdz‘.r:wgC:r; of En:inurs £§f€§%ﬁi.i |
Floject Finife Brdge - Exanple 2 [CAHEC Ras30\Dala'BEAYCREK pr
Han: FressXweir Method [ AHECYA 2530\ D ala\BEAVCREK pol
Geomety:  [Beaver(r. + Bridge - PAW {CAHEC\Ras300D ata\BEAVCREK g01
SleadyFlow:  Beaver O\ 3 Flows [CAHEC\Ras305D ata\BEAVCREK. 01
Unsteady Flow: | \ N
Ee?ciiﬁ;hun: ’ \ \ l:] }US Custamary Units
Hle : L View
New Project... Steady Flow Analysis... = G Betioiia
Open Project...  Unsteady Flow Analysis W
: s fesliat Sl Water Surface Profiles...
Save Project Sediment Analysis
Save ProjectAs...  Hydraulic Design Functions General Profile Plot
Rename Project... — = " Rating Curves
Delete Project... X-Y-Z Perspective Plots...
Project Summary Stage and Flow Hydrographs
oot HECRZ Dt Hodtanlis Breperiy Klols.
Inmport HEC-RAS Data... Detailed Output Tables
genera(tﬁ SRggort. .. Profile Summary Table...
EXport ... Summary Frr, Warn, Notes...
Export to HEC-DSS. .. emewe &
Restore Data DSS Data

Exit

d:\hec\ras\data\buffalo.prj
d:\hec\ras\data\example.prj
d:\hec\ras\data\onebox. prj

Figure 3.3 HEC-RAS Main Window Menu Bar Structure
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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 Data; 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 four types: Geometric Data; Steady Flow Data; Unsteady Flow Data;
and Sediment Data. In the current version, Sediment Data is not active.

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; and Hydraulic Design Functions. In the current
version, Sediment Analysis is not available.

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; and
Summary Err, Warn, Notes.

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); and Convert Project Units (U.S. Customary to Metric, or Metric to
U.S. Customary).

Help: This option allows the user to get on-line help, as well as display the
current version information about HEC-RAS.

Also on the HEC-RAS main window is a Button bar (Figure 3.4). 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 3.4.
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Unsteady Flow Data:

Edit and/or enter
unsteady flow data

Geometric Data:
Edit and/or enter
geometric Data

Open Project:
Open an existing
project

Unsteady Flow Analysis:
Perform an unsteady flow
simulation

XYZ Perspective Plot:
View 3D multiple cross
section plot

Cross Sections:
View cross
section plots

Hydraulic Properties:
Plots and tables of
hydraulic properties

Profile Summary Table:
View summary output at
multiple locations by profile

General Profile Plot:
View computed

variables along the
channel

‘ View DSS: View

Data stored in DSS
A HEC-RAS - River Umalysls System =l x]
Eile  Edit
.

=[R]< = | 'm:] ] 54 HD ]| -~ ,-H,f]_l_llf_\-l 18] ] [ ottt 17 1]
Froec Sirale Bridg Examplf- ] ChRas3Data\BERVCREK prj
Plan: [PrdesAufenr ethod lr,, xHEE\\Hagzn\Q.ata\BEHYCREK.pm
Geamduy: [Bebver Cr. +{Bridge - P2y IEt'\HEC’QQaﬁU\Dwa&BEAV?HEK ail
SteadyFlow:  [Befver Cr. -3 Fiows i \HEC'I.R\a\s%iDaL‘s\\BEAVCﬁEK ftn
Unsteddy Flow: | |
Project ]
Descngtion

Save Project:
Save an existing
project

Steady Flow Data:
Edit and/or enter
steady flow data

S
\ \ \ |:L] ! 1JS Customary Units
1)\

Sum Errs, Warn, Notes:
Summary of Errors,
Warnings, and Notes

Detailed Output Table:
View detailed output at cross-
sections, bridges, culverts, etc...

Rating Curve:
View computed
rating curves

Profile Plot:
View water surface
profile plots

Hydraulic Design Functions:
Perform hydraulic design
computations

Stage and Flow Hydrographs:
Plot stage and flow hydrographs

Steady Flow Analysis:
Perform a steady flow
simulation

Figure 3.4 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:
= Starting a new project

= Entering geometric data

= Entering flow data and boundary conditions

= Performing the hydraulic calculations

= 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 3.5.

New Project

Title File Marme Directones
[ o CAHEC\Ras30\BasicRasClass\De
Denditic data set dendnit.pry = N
Multiple Opening Data Set K1B1C1.PRJ _yHEC
Twin Circular Fipe Data Set MULTFIPE.PRJ —yRas30
Single Bndge Data Set NORMALET.PRJ BasicRasCl
Thiee Reach - ‘with Hydraulic Stuctures THREE pij —yoasicriasLlass
& DemoFiles
1[4 Cancel Hep | Create Directary Se ~|

|Set diive and path, then enter a new project title and file name

Figure 3.5 New Project Window

As shown in Figure 3.5, 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
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Geomettic Data - Base Geometry Datd

File Edit Wiew

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 (English 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.

Entering Geometric Data

The next step is to enter the necessary geometric data, which consist of
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 3.6 (except yours will be blank
when you first bring this screen up for a new project).
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Tables Tools Help

\\Tools
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e

=y {
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4

1,

Figure 3.6 Geometric Data Window
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The modeler develops the geometric data 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 an 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, 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 3.7.
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. Cross
sections are ordered within a reach from the highest river station
upstream to the lowest river station downstream.

Cross Section Data - Base Geornet P DRSS X
Exit Edit Options Plot Help
River lFall River :_l ‘z, + al
Reach: IUpper Reach L’ River Sta..]S.S j 1]
Description |Fliver Mile 9.8 of Fall River B

Del Row I Ins Row I Downstream RBeach Lengths
Cross Section X-Y Cooidinates | LOB l Channel i ROB

Station | Elevation [ o o o

=110 831 2
_e|117.2 731 LOB | Channel | ROB
__3)174.8 7. 006 [oozs [oos

4|1848 531
 5lo048 701 Main Channel Bank Stations
"~ B|2148 781 [ LeftBank [ RightBank
7|23 401 [174.8 (2148
__8]301.2 301
9 |  Contraction |  Expansion
_10] ~| [o1 [03

Enter to move to nest downstream nver station locahon

Figure 3.7 Cross Section Data editor
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The basic data required for each cross section are shown on the Cross Section
Data editor in Figure 3.7. 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, 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.

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 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 3.8, which
1s the Steady Flow Data Editor. As shown in Figure 3.8, 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. Ifa
suberitical 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

3-9



Chapter 3 Working With HEC-RAS - An Qverview

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.

Steady Flow Data - larger flows : A2l =10l x|
File Options Help
Enter/E dit Mumber of Profiles [500 max): ’4 Reach Boundary Conditions ; Yt !
: _ Locations of Flow Data Chan
River: |Fall River =
Beach: ILlpper Reach - j River Sta.: I1ll4 > I Sdd & Flow Change Location |
Flow Change Lacation ' Profile Mamres and Flow Rates
River Reach RS 10y |25 ur | 50 u [ 100w
1| Fall River Upper Reach 104 1750 1000 1500 2000
2| Fall River Lower Reach 979 {300 1250 2000 2750
3| Fall River Lower Beach 96| 975 1300 2100 3000
4] Butte Creek Trbutary 150 _ 250 . 500 _?5[1 L

[Edit Steady flow data for the profiles [cfs)

Figure 3.8 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
three types of calculations that can be performed in the current version of
HEC-RAS: Steady Flow Analysis, Unsteady Flow Analysis, 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 3.9, which is
the Steady Flow Analysis window.




Chapter 3 Working With HEC-RAS - An Qverview

Bl steady Flow Analysis e : X|

File ©Options  Help

Plari:  Eusisting Conditiors Run ey
Pkt Rl IBase Geometry Data _"_J
Steady Flow File : [1 0,25, 50, and 100 yr Flows :_I
Flows Regime Plan Description -
% Subcritical D
© Supercittical
 Mixed

...................................................................... COMPOTE

Enter to compute water surface profiles

Figure 3.9 Steady Flow Analysis window

As shown in Figure 3.9, 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
(SNET) 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;
profile plots; rating curve plots; X-Y-Z perspective plots; hydrograph plot (if
unsteady flow simulation was performed); tabular output at specific locations
(Detailed Output Tables); tabular output for many locations (Profile Summary
Tables); and the summary of errors, warnings, and notes.

An example of a cross section plot is shown in Figure 3.10. 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 3.11. 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 3.12. 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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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 3.13.

EE Cross Section Output e e i B

File Twpe Options Help

Firver: ICriticaI s _;F’rcsille '1[?[] v _j

Reach |L|pperHeach ___] Riv Sta: ]12 l .E’

Plan: Modfied Geo  Catical Cr.  Uipper Reach FS: 12 Profile 100

EGElev(ty | 1816.02 | Element Left OB | Charnel | Rioht OB
Vel Head [ft] 0.43 | Wt nVal 0700 0.040 0.100
WS Elev [ft] 181554 | ReachLen [f) 10000 10000 100.00
Crt W.5. [ft) 1814.46 | Flow Area [sq ft) 247360 4247 17774
E.G. Slope [ft/it) 0.004567 | Area[zqf) 247380 34247 17774
Q Total [cfs) 9000.00 { Flow [cfs) 574243 3068215 18342
Top Width [ft] 315.30 { Top'wWidth [f) E93.71 4500 17DA9
Vel Total [ft/s) 301 | Ava Vel [ft/s] AE T 8.96 1.03
Max Chi Dpth [f) 11.94 § Hydr. Depth (i) 354 7.B1 1.04
Conv. Total [cfs) 1331824 | Conv. [cfs] S50RE5 454027 2714.3
Length witd. (ft) 100.00 | Wetted Per. [it) 70256 5080 17061
Min ChEl[f] 1802.60 | Shear [Ibfsg it} 1.00 1.32 0.30
Alpha 341 | Stream Power [Ib/ft 5] 2.3 17.22 0.3
Frctn Loss (ft] 0.54 | Cum Volume [acre-ft) 216.87 4290 1036
C&E Loss {ft) 0.04 | Cum SA [acres) 79.60 544 7.92

Enerqy gradeline for given'WSEL

Figure 3.13 Tabular Detailed Qutput

The second type of tabular cutput 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 3.14.
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 specifving 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.

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.

3-15



Chapter 3 Working With HEC-RAS - An Qverview
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Figure 3.14 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.

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:

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

- Free Format (FR)

- Storage Outflow for HEC-1 (J4)

HEC-2 data sets containing these options can still be imported, 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 3.15), 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 Opt

RiverStation [dentifcation Methaod
. @l HEC Ds.

O Use Sequential Counter

Irport HEC-2 Cancel

Figure 3.15 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:

- Special Bridge (SB)

- Special Culvert (SC)

- Normal Bridge (X2, BT)

- Encroachments and Floodway Determination (X3, ET)
- 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 tlow 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.

i 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. 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, 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.

2. Select the Import HEC-2 Data option under the File menu on the
main window (Figure 3.16). 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.

8 HEC-RAS - River Analysis System Wi : =lx
File Edit Run Yiew Options Help

flew Project ... o = i ,,;‘,.m;
opsfrcfac 1 5 ] ] 5 Mmool 14
Save Project [CAHEC \Ras30Mest2 pr
Save Project s .., [
Rename Project ... !
Delete Project ...
Project Summary ... }

Import HEC-RAS Data l ! | l;] [US Customary Units

Generate Report ...

Export GIS Data ...

Export to HEC-DSS ...

Restore Data »

Exit

C\HEC\Ras3Ditest2.pry
CHHEC|Ras30\DatalWAILURE. prj
CHEC\Ras30\Datal CRITCREK. prj
CYHEC|Ras30\DatalBOGCHIT . pr)
CAHECIRASYCLASS\THREE. pri
:\HEC|RAS\BUGS| THREE . prj

Figure 3.16 HEC-RAS Main Window With File Menu Options Shown

3. 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 file

Title File Name Directories "
|ALGNMNTS.DAT| c«.HEl:\RAs\hec}@

T1  TEST 3INTERPOLATED CROSS SECTIO T3DAT RIEE

T1  TEST 4DIRECT SOLUTION OF MANNIN ~ T4.DAT —JHEC

T1  TEST 5SPECIAL AND NORMALBRIDGE ~ TSDAT ~JRAS

T1  TEST 5SPECIAL AND NORMAL BRIDGE T84 DAT
T1 TEST 6 NORMAL BRIDGE SUFPERCRITIC TEDAT
T1  TEST 7 NORMAL ERIDGE CRITICALD T7.DAT

T1  TEST 8SPECIAL BRIDGE METRIC UNI TSDAT
T1  TEST 9SPECIAL BRIDGE CLASS A AN TIDAT
Ti START AT SECTION TJCIDAT j
T YOLD.DAT M
ok | caea | Hep | Create Directoy | EL ~]

[Select HEC-2 file to import

Figure 3.17 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
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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 3.18. 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.

HEC-RAS

SelectMethod of Calculating Conveyance

@ ‘Atbreaks if Nvalues only:
C Between every coardinate point (HECZ Style)

[ ok | [ cancet | | Hep |

Figure 3.18 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
15 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.

= 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. 1f 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
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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.
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Chapter 4 Example Application

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 (except yours will be blank the first time you start the program).

@A HEC-RAS - River Analysis System R =11
File Edit Run View Options Help

E3 -1 X P A ) R e N e s e e

US Army Corps of Engincers P ;

Project | |
Plan: { |
Geometiy: i [
I |

l

Steady Flow:
Unsteady Flow: |

Project
Description : I Q |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 Name Dwectones Dr

Steady Flow Example from Chapter 4 EX1.pr CAHEC\Ras304Data
Stream Junction - Ezample 10 JUNCTION.prj :] ACA
Looped Metwork - Example 3 LOOP.pr —yHEC
Mixed Flow Project MIXED.PRJ —yRas20
Mixed Flow - Example 3 MIXFLOW pr
Multiple Culverts - Example 4 MULTCULY . pr _]
Multiple Openings - Example 5 MULTOPEN.prj
Napa Cr. Bridge Froject - Example 7 NAPA. pr)
Meil Nelson's Property Melson.pr
Inline Weir and Gated Spillay - Ex 12 MNIT prj
Bridge Scour - Example 11 SCOUR.PRJ ;{
oK Cancel Help | Create Directory I | ="y _"_j

[Set dive and path, then enter a new project tile and file name

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 4.2. Once you
have entered the information, press the OK button to have the data accepted.
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Entering Geometric Data

The next step in developing a steady flow 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).

Drawing the Schematic of the River System

In this example we are going to develop a two-river (three hydraulic reaches)
system as shown in Figure 4.3. Draw the river system schematic by
performing the following steps:

L.

2.

Click the River Reach button on the geometric data window.

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.

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.

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.

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.
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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 tic marks representing cross sections as shown in Figure
4.3. The tic marks only show up after you have entered cross sections.

Geometric Data - Base Geometry Data
File Edit View Tables Tools Help

Taols | River Stﬁ-:trage S5A Pump
; Reach rea Conn, { Station
Editors
— @ h—g
Junet e -J
2
® 10 d

Crosz
Sechion

e

Brdg/Culv

RS 5
o775 | =

LT
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\ ‘i Tributary
»

\
1
il
€ s
;‘_\' Upper Reach ﬁ‘\ 04

R

Inline

.‘,‘V ll' .
Structure Hh-88 w2
o *‘\f\ 5
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; \ﬁg 55 0

Storage

Ared | "

Storage hs
frea Conn. ",

Pump | A
Station | £
o

HTah | \
Param, |

iews NoLEE
Picture a5 _J

L 5

1.0071, 0.6434

Figure 4.3 Geometric Data Window with example river schematic

Entering Cross Section Data

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:
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L: 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.

Cross Section Data - Baset Datal . x|
Exit Edit ©Options Plot Help
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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 Plot Cross Section option under the

4.5
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Plot menu on the Cross Section Data Editor. The cross section
should 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.

Cross Section Tt M -i0| x|

File ©Options  Help
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Figure 4.5 Cross Section Plot for river mile 10.0 of Fall Creek

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

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

2. Change the cross section description to "River Mile 9.9 of Fall River."
3 Adjust all the elevations of the cross section by -0.5 feet. This is
accomplished by selecting the Adjust Elevations feature from the

Options menu on the Cross Section Data Editor.

4. Adjust the cross section stationing to reduce the overbanks by 10%.
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T.

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.

Downstream reach lengths remain the same for this cross section.
Press the Apply Data button.

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 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 Adjusted Stationing Downstream Reach Lengths
Elevation
Reach River Left Channel |Right O.B.|Left O.B. | Channel |Right O.B.
Sta. O.B.
Upper 9.8 -0.4 0.80 - 0.80 0.0 0.0 0.0
Lower .79 -0.1 1.20 1.20 1.20 500 500 500
Lower 9.7 -0.5 1.20 1.20 1.20 500 500 500
Lower 9.6 -0.3 - - 500 500 500
Lower 9.5 -0.2 - - - 0.0 0.0 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:

s,

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,

4-7
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3 Enter all the data for this cross section as shown in Figure 4.6.
4. Once all the data are entered for this section, press the Apply Data
button.
5. Plot the cross section to inspect the data.
Cross Section Data - Base G Dats x|
Exit Edit Options Plot Help
River: iButte Cr. :;J Ol I
Reach: ITrihutary _"_] River Sta: (0.2 o @
Description lLlps:tream Boundary o_f Butte Cr. D
Del Row [ Ins Row | | Deownstieam Reach Lengths
Cross Section »-Y Coordinates LOB ] Channel ; 5L
Station Elevation |«] {500 {500 500
] X I
_ 2|20 - LOB Channel | AOB
__3| 280 foo7 0.04 0.07
4| 265 : A
5| 270 hMain Channel Bank Stations
&l 275 LeftBank |  RightBank
7| 300 260 [275
_8{310
_ 9] [ Cantraction E=pansion
_10) | o1 [02

Edit Station Elevation Data (i)

Figure 4.6 Cross Section Editor with river mile 0.2 of Butte Creek

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.
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Table 4.2 Cross Section adjustments for Butte Creek sections

Cross Section Adjusted Adjusted Stationing Downstream Reach Lengths
Elevation
Reach |River Sta. Left Channel |Right O.B.| Left O.B.| Channel Right O.B.
0.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 1s 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 Geometry De

j E @ I Computation Mode

Junction Name ISuRer

® Enetgy
Description Iﬂow Corfluence of Fall and Butte Creek O Bomentim
e Length across Junction T ﬁ
From: Fall Biver - Lower Reach | Lengthfr] | &
T Butte Cr._ - Tributary Bl
To: Fall River - Upper Reach all]
0K ! Cancel Help

Figure 4.7 Junction Data Editor, with Sutter junction data
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Reach lengths across the junction are entered in the junction editor, rather
than in the cross section data. 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 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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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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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:

» Known water surface elevations
= Critical depth

= Normal depth

= 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.
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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, 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.

Elsteady Flow analysis S x|
File Options Help

Bhe o ot i Shart 1D Ewizting
Geometry File : IBase Geomety Data :J
Steady Flow File h& T _:J
. Flow Fegime Plan Dezcrption
& Subertical
" Supercritical ]
" Mixed

‘; ................................................. ................... ; .......... CGMPUTE PR ‘.“..,,.,,mt]

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 trom 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 ID 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
trom the File menu of the Steady Flow Analysis window.
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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 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 double clicking the upper left corner of the window. At this time the
Steady Flow Simulation window can also be closed.

Viewing 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:

= Cross section plots

= Profile plots

= (General Profile Plot

= Rating curves

= X-Y-Z Perspective Plots

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

s 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 Profile Plot for Example Application

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 Qutput 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.
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Now bring up the profile summary table. This table shows a limited number
of hvdraulic 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 culverts), while others provide generic
information at all cross sections. An example of this type of table is shown in

Figure 4.16.
£ X-Y-Z Perspective Plot ....LJ— O .E.J
File Options
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Steady Flow Example from Chapter 4 Plan: Existing Conditions Run —]
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Legend
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Figure 4.14 X-Y-Z Perspective Plot of All Three River Reaches
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Figure 4.15 Detailed Tabular Qutput at a Cross Section
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Figure 4.16 Tabular Qutput in Profile Format
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Printing Graphics and Tables

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

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

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

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

3 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:

1. Display the graphic of interest on the screen.

2. Using the available options, modity the plot to be what you want it to
look like.

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

4. 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.
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Sending Tables Directly to the Printer

To send a table to the printer, do the following:

1. Bring up the desired table from the tabular output section of the
prograim,
2. 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:

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

2 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.

3, 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:

1. Display the desired table on the screen.
2 Select Copy to Clipboard from the File menu of the displayed table.
3. 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.
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Exiting the Program
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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.



Chapter 5 Working With Projects

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 them.

Contents

= Understanding Projects

= Elements of a Project

= Creating, Opening, Saving, Renaming, and Deleting Projects

= 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, except for the three character extension. A project consists
of:

= One Project file (.PRJ)

= One file for each Plan (.P0O1 to .P99)

= One Run file for each steady flow plan (.R01 to .R99)

= One Qutput file for each plan (.001 to .099)

= One file for each set of Geometry data (.GOI to .G99)

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

= One file for each set of Unsteady Flow data (.UOI to .U99)
= One file for each set of Sediment data (.S01 to .S99)

= One file for each set of Hydraulic Design data ((HO! to .H99)
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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 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
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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 .R01 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 ASCIIL
format, but it is not self explanatory.
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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. 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 .G01 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 .FOI1 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 .U01 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.
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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 window. Currently, the sediment option is not available in
HEC-RAS. This option will be included in a future version.

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.

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 modification 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.



Chapter 5 Working With Projects

Project File: filename.prj
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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 Description

New Project 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.

Open 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.

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

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

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

Delete Project Deletes the project file and all other files
associated with the selected project. The user
1s prompted to make sure that they really want
to delete all of the files.

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
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From the Options menu of the main HEC-RAS window, the user can set
several default project options. These options include: setting default margins
and color control for printing; 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 are available from the Options menu:



Chapter 5 Working With Projects

Options menu command
Program Setup

- Default File Viewer

- AVI Bin Directory

- Open last project

Description

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

This option allows the user to set the default
directory for where HEC-RAS will store
bitmap files that it makes when creating an
AVImovie file.

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

- Automatically backup

data

- Set time for
automatic backup

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
RasBackup.f01.

This option allows the user to control the time
interval between updating the backup files.
The default value is 20 minutes.
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Options menu command

Default Parameters

Unit System

Convert Project Units
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Description

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.



Chapter 5 Working With Projects

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 them.

Contents

= Understanding Projects

= Elements of a Project

= Creating, Opening, Saving, Renaming, and Deleting Projects

= 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, except for the three character extension. A project consists
of:

= One Project file (.PRJ)

= One file for each Plan (P01 to .P99)

= One Run file for each steady flow plan ((R01 to .R99)

* One Output file for each plan (.001 to .099)

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

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

= One file for each set of Unsteady Flow data (.U01 to .U99)

= One file for each set of Sediment data (.SOI to .S99)

= One file for each set of Hydraulic Design data ((HO1 to .H99)
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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 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
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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 .P0O1 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 .R01 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 .R01 is the run file that corresponds to the plan file with
the extension .POl. 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.
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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 .O12 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. 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 .G01 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 .U0O1 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.
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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 window. Currently, the sediment option is not available in
HEC-RAS. This option will be included in a future version.

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.

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 modification 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.
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Project File: filename.prj
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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 Description

New Project 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.

Open 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.

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

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

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

Delete 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.

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: setting default margins
and color control for printing; 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 are available from the Options menu:

5-6
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Options menu command
Program Setup

- Default File Viewer

- AVI Bin Directory

- Open last project

Description

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

This option allows the user to set the default
directory for where HEC-RAS will store
bitmap files that it makes when creating an
AVI movie file.

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

- Automatically backup

data

- Set time for
automatic backup

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
RasBackup.f01.

This option allows the user to control the time
interval between updating the backup files.
The default value is 20 minutes.
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Options menu command

Default Parameters

Unit System

Convert Project Units

Description

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.
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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, weirs, etc.) and cross section interpolation. 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 drawn in your own river system schematic.

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

Contents

= Developing the River System Schematic

® Cross Section Data

= Stream Junctions

= Bridges and Culverts

= Multiple Bridge and/or Culvert Openings

= Inline Structures (Weirs and Gated Spillways)
= Lateral Structures (Weirs, Gated Spillways, Culverts, and Rating Curves)
= Storage Areas

» Storage Area Connections

= Pump Stations

= Cross Section Interpolation

= River lce

= Viewing and Editing Data Through Tables

® Importing Geometric Data

= Geometric Data Tools

= Attaching and Viewing Pictures

= Saving the Geometric Data
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Developing the River System Schematic

Building The Schematic

The modeler develops the geometric data by first drawing in the river system
schematic on the Geometric Data window (Figure 6.1). 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 can also start or end at the open ends of the river system being
modeled. In other words, the first and last cross section that will be modeled
in a particular river will be the start or end of a particular reach.
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Figure 6.1 Geometric Data Editor Window
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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. 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 an 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, Storage Area
Connections, 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 connects a storage area to a reach by
using the lateral structure option. Storage areas can be connected to other
storage areas by using a storage area connection between the storage areas.
Storage area connections consist of culverts, gated spillways and a weir. The
user can set up a storage area connection as just a weir, a weir and culverts, or
a weir and gated spillways. For connections between a storage area and a
river reach, the lateral structure option is the only means of doing this in
HEC-RAS.

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.
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To enter a Storage Area Connection, select the storage area connection
button at the top of the Geometric data editor. Move the mouse pointer to the
storage area that you want to connect from. Then click the left mouse pointer
one time to start the drawing of the connection. You can continue to use
single mouse clicks to add as many points as you want into the line that
represents the storage area connection. When you want to end the
connection, place the mouse pointer over the storage area that you want to
connect to, and then double click the mouse pointer. A window will pop up
asking you to enter a name for the storage area connection. The direction in
which you draw the storage area connection 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 storage area to another storage
area, then you must draw the connection in that order. This is establishing the
positive flow direction for the storage area connection. 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 storage area connection
use the Storage Area Connection data editor on the left panel of the
geometric data window.

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. 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. 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 Reach
identifier for the lower portion of the existing 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 objects (such as labels,
junctions, and points in a reach), adding points to a reach or storage area,
deleting points in a reach or storage area. deleting entire reaches, deleting
junctions, numerically editing the reach schematic lines, and numerically
editing the cross section schematic lines. Editing functions for the schematic
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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 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 Object: This option allows you to move any label, junction, or point
in a reach. 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 to a Reach od SA: This option allows the user to add additional
points to the line that defines a reach or a storage area. This allows the user
to make the schematic look more like the actual river system. To add
additional points, first select Add Points to a Reach or SA 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 to a Reach or SA" mode off, simply re-select it from the Edit menu, or
select any other edit function.

Remove Points in a Reach or SA: This option allows the user to remove
points from a reach line or a storage area. To use this option, first select
Remove Points in a Reach or SA 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.

Delete Reach: This option is used to delete a reach. This is accomplished by
selecting the Delete Reach option from the Edit menu. A list box containing
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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 Area: This option is used to delete a storage area. This is
accomplished by selecting Delete Storage Area from the Edit menu. A
selection box will appear allowing you to pick the storage areas that you
would like to delete.

Delete Storage Connection: This option is used to delete a storage area
connection. This is accomplished by selecting the Delete Storage Conn
option from the Edit menu. A list box containing all the available storage
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, ...): 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, etc.) that you would like to delete.

Reach Schematic Lines: 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
schematic lines, select the Reach Schematic Lines option from the Edit
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.

XS Schematic Lines: This option allows the user to numerically edit the
coordinates of the cross section schematic lines. When the river system is
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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. 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
Schematic Lines option from the Edit 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.

Storage Area OQutlines: This option allows the user to enter/edit the X and Y
coordinates that define the outline of a storage 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 0 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.

GIS Levee: 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: 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).

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

Interacting With The Schematic

In addition to modifying the river schematic, there are options available to
zoom in, zoom out, display the cross section river stationing, and reset the
viewing extent of river system schematic. 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 pop up menu will
appear with options that are specific to that type of object. For example,
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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 any where over the
schematic drawing area. This will bring up a pop up 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. The options available
from the View menu are as follows:

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 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 QOut 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.

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 0 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.
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Display River Stationing: This option allows you to display river station
identifiers on the schematic. This is accomplished by selecting Display
River Stationing from the View menu on the geometric data window.

Display 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 selecting Display Bank Stations from the View menu of
the geometric data window.

Display 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 View menu of the geometric data window.

Display 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 View menu of the geometric data window.

Display 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 suppose 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 View menu of the geometric data window.,

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

Background Pictures.

Another option available to users is the ability to add background images for
displayed behind the river system schematic. One or more pictures can be
added. To enter a background picture, press the background picture button on
the Tools menu bar (far right button). Select the add button to find a picture
file to use as a background image. The software will automatically look for a
companion file to the image, called a world file. This file contains
information about the image, including the coordinate system and the extents
of the image. The user has the option of rectifying the picture by entering
coordinates for the left, right, top, and bottom sides of the picture, with
respect to the coordinates of the river system schematic. If coordinates are
not entered for the extent of the picture, the size of the picture will be based
on its resolution and the resolution of your screen. Several graphical formats
are supported for background maps, including: ESRI shape files (.shp); Cad
files (.dgn, .dxf, .dwg); Windows bitmap (.bmp, .dip): Tiff and GeoTiff (.tif,
AT, tiff); JFIF (jpg, .jpeg); MrSID (.sid), and others.
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Cross Section Data
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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. Cross sections are located at relatively short intervals
along the stream to characterize the flow carrying capacity of the stream 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, and at
hydraulic structures (bridges, culverts, inline weirs/spillways, and lateral
weirs/spillways).

Entering Cross Section Data

To enter cross section 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
(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
1s found under the Options menu.

3 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

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 are used as a label for cross section plots and tables.

Cross Section X & Y 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) are entered from left to right 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.
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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.

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. 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.

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.

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 1s 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



Chapter 6 Fntering and Fditing Geometric Data

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 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.
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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 a 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 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.
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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 suppose
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 active flow area. When using ineffective flow
areas, no additional wetted perimeter is added to the active flow area. An
example of an ineftective 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
meffective. 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 levee
station and elevation on any cross section. 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 are 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.
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Figure 6.5 Example Levee Added to a Cross Section
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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
clevation (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.



Chapter 6 _Entering and Fditing Geometric Data

Cross Section - Warning Geol it : -10] x|
File Options Help
River: I Crtical Cr. LI |

Reach: |Upperieach :_] River Sta.: 18 '} EE

Elevation (ff)

Geom: Base Geometry Data + Interpolated  Flowe 100 Year Frofile - Up and Dowun Brdoy.

Critical Creek - Exarmple 1 Flan: Modified Geometry Conditions _J

Crozs Section 8

1805 A
[

1300

1785

bkt

Legend

e
8 L]

|
‘J s 400
B S

200 400 GO0 200 1000 1200 1900 G000

Station (ff) l

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 1s
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.

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.

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

1s selected, an additional column for n values 1s added to the cross section
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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 0 (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. 1f the
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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.
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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, select Plot Cross Section from the Plot
menu.

Stream Junctions

Entering Junction Data

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.
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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 should be left blank or set to zero.

Selecting A Modeling Approach

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.

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

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). The culvert routines include the
ability to model circular, box, elliptical, arch, pipe arch, low profile arch, high
profile arch, and semi circular culverts. 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.

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. 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. 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 L. on Figure 6.11) is found by multiplying the expansion ratio by the
average obstruction length (the average of the distances A to Band C to D
from Figure 6.11).
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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, s is the
Manning # value for the overbank, n, is the n value for the main channel, and
S is the longitudinal slope. 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.

Table 6.1
Ranges of Expansion Ratios

nob’lnc=l nob/nch nob/ncM#
b/B=0.10 S=1 ft/mile 14-3.6 1.3-3.0 1.2-2.1
5 ft/mile 1.0-2.5 08-2.0 08-2.0
10 ft/mile b= 08-2.0 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 1.5-2.5 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 14-26 1.3-19 L.2=1.4
5 ft/mile 1.3-2.1 1.2-16 1.0-14
10 ft/mile 1.3-2.0 1.2-1.5 1.0-14
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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, L.; the contraction reach length,
L.; the expansion energy loss coefficient, C.; and the contraction energy loss
coefficient, C.. 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 immediately downstream from the bridge (i.e.,
within a short distance). This cross section should represent the natural
ground just outside the bridge. This section is normally located at the toe of
the downstream bridge embankment.

Cross section 3 should be located just upstream from the bridge. The
distance between cross section 3 and the bridge should be relatively short.
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 just upstream of
the bridge. This section is normally located at the toe of the upstream bridge
embankment.

Both cross sections 2 and 3 will have ineffective flow areas to either side of
the bridge opening during low tflow 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, L)
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. 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, 1993) was performed to provide better guidance to
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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 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, 1n order to make adjustments to the geometry.

For a more detailed discussion on laying out cross sections around bridges,
the user is referred to chapter 5 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 tlow 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 tlow). 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). [f 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:
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Class A low flow. Class A low flow exists when the water surface through
the bridge is completely subcritical (i.e., above critical depth). 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
- Yamnell 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
sclected 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 suberitical
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.

6-27



Chapter 6 Fntering and Fditing Geometric Data

6-28

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 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 1s
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 criteria 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

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
(vour 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 1s 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:
- Bridge Deck
- Sloping Abutments (optional)
- Piers (optional)
- Bridge modeling approach information
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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.
Bridge Culvert Data - Beavef Cr, + BriffgR o : =10 x|
Eile ‘iew Options Help
River: ]Beaver Creek ﬂ ' ’ i) 1
Reach: [Kentwood L’ Fiver Sta: ]5 4 Highwe *i EE
Description IEridge 1 l:l
Bounding #S's: 5 41 | 539 J Distance between: 100 [ff)
SR P RS=54  Highway 1043Upstream (Bridge) -
'@ =3 Legend
£ 2207 . ) ——
Pier E =z 57 31 | Ground
I g 103 ||'|EIT
Sloping | 205 Bank Sta
Abutment 500 3 . Sl : ;
/) 0 500 1000 1500 2000
Bridge
Madeling e
Approach 275 1 RE=54 Highrweay 10490D0vwnstream (Bridge)
Culverrt | & 220 :
@ | - 5] .
T oand —"r‘
Multiple 1 3 Sk 3
Openina | Io 2057
Analysis i
200 +——— — - »
HTah 0 SDD l Dtn’l .EID zfjm_t
Parzrm. Station (ft) _l
[ : g
Biridge
Design

Figure 6.12 Bridge/Culvert Data Editor

The required mformation 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 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
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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 0of 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 Edito ‘ T
DelFion_| Dbirico
IQ.B

Ins Row IBU 40

Upstieam Downstream

L

Station |high chard] low chord | Station | high chord] low chord | «
_ 1o 21693 200 a 21633 200
_2[450 21693 200 450 21682 200
_3[450 21693 215.7 450 216.93 2187
4647 21643 21087 647 216.33 2157
5| 647 21693 200 E47 216.93 200
T Bl2oo00 21693 200 2000 21683 200 ‘
7
“E 2]
US Embarkment55 |2 D.5 Embarkment 55 [2
Weir Data S
Max Submergerce: {UEIE binfeir Flow EI

‘Weir Crest Shape
(8 Broad Crested

COgee

K Cancel Clear [ Copy Up to Down

Enter distance between upstrearn cross sechon and deck/roadway, [ft)

Figure 6.13 Bridge Deck/Roadway Data Editor

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).
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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).

® v B ()
i Upstreami Bridge EDcmnstream'
i Distance ! Width ! Distance |
o . . »>
: :
! :
' i
1 1
b 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 lefi 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 Up to Down
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 different than the upstream side, then the user must
enter the information into the table.

U.S. Embankment §S - This field is used to enter the slope of the road
embankiment on the upstream side of the bridge. The slope should be entered
as the horizontal to vertical distance ratio of the embankment. This variable
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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 5§ - 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 Allowable 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 EI - 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 effected 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 are 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

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 1s 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.
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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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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 skew angle is entered in
degrees that the pier is skewed from a line parallel to the flow. The skew
angle is an optional item. 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 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.
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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.

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, 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
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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

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 1s 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.

Two other options that the user has control over are: specifying that the piers
are continuous the whole way through the bridge or not, and using the
Geometric Mean friction slope averaging technique through the bridge
computations (from exit to approach section). The default for the WSPRO
methodology is to assume that the piers are continuous through the bridge,
and to use the Geometric Mean friction slope method.

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 high flows, 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 coefticients 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).

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
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tflow 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:

L 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.

g 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. 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. 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.

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. Exit losses are computed as a
coefficient imes the change in velocity head from just inside the culvert (at
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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 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
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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 1s 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
vours will be blank). The information entered in the Culvert Data Editor
consists of the following:
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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.

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 top and sides) of the
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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.

# Identical 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
mformation 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.
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Rename River Station. This option allows the user to change the river
station of the currently opened Bridge and/or Culvert crossing.

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 will 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.

6-51



Chapter 6 Entering and Fdifing Geometric Data

6-52

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 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.

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
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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 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
mformation 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.

Mulitiple 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

Entering Multiple Opening Data

Multiple opening data are entered in the same manner as any other bridge or
culvert crossing. In general, the user should perform the following steps to
enter multiple opening data:

1. Press the Bridge/Culvert button on the Geometric Data window.

2: 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.

3 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.

4. Enter the deck and road embankment data by using the
Deck/Roadway editor.
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8. Enter any piers or sloping abutments that are required.

6. Select the Bridge Modeling Approach button and enter a set of
coefficients and modeling approaches for each bridge opening.

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
1s 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 : :
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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
coetficients and modeling approach for this opening will be based on the data
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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 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 1s 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.
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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 (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.

Inline Structures (Weirs and Gated Spillways)

HEC-RAS has the ability to model inline weirs and gated structures with
radial gates (often called tainter gates) or vertical lift gates (sluice gates). The
spillway crest of the gates can be modeled as either an ogee shape or a broad
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 weirs and gated spillways, 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 weir and/or gated spillway 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).
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Figure 6.28 Inline Structure Data Editor

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

I 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, and any gated spillways that you may be
modeling. Gated spillways are optional. If the user does not enter
any gated spillways, 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, there must be flow coming out of the structure at all times. The
pilot flow option is a simple way to ensure that there is always some 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.”

Weir/Embankment. The Embankment and Weir data are entered together,
and are used to describe the embankment blocking the stream as well as any
uncontrolled 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).
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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 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 5§ - 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.
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D.S. Embankment S - 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 Cq4 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 Data. 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 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 yvou have entered some data).
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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 Steady Flow data, on a per profile basis. The following
is a list of the data contained on this editor:

Gate Group - The Gate Group 1s automatically assigned to "Gate #1" the first
time you open the editor. The user can enter up to 10 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, then
only one gate group needs to be entered. If the user has gate openings that are
different in shape, size, elevation, or have different coefficients, 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 culvert editor. The Copy button
increments the Gate # and makes a copy of the original Gate group data.
Once a copy is made of a 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.
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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).

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.

Gate Type - This field is used for selecting the type of gate. Two gate types
are available, radial (tainter gate) or sluice (vertical lift gate).

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.

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. 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 equations. When the flow is less than 67 percent submerged,
the program uses the free flow gate equations.

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.

Centerline Stations - This table is used for entering the centerline stationing
of the identical gate openings. The user should enter a different centerline
stationing for each gate opening that is part of the current gate group. All
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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".

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.

Weir Crest Shape - This parameter allows the user to select between a Broad
Crested shape weir and an Ogee shaped weir. Depending on which shape is
selected, the program will use a different submergence criteria during the
calculation. In addition to the submergence criteria, if the user selects the
Ogee shape, the program will bring up two additional data entry fields that
must be entered by the user. These fields are used for 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 Cy. 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 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).

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.

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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Lateral Structures (Weirs, Gated Spillways, Culverts,
and Diversion Rating Curves)

HEC-RAS has the ability to model lateral weirs, gated spillways, culverts,
and diversion rating curves. 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, and a rating curve. The gated spillways can have either
radial gates (often called tainter gates) or vertical lift gates (sluice gates). The
spillway crest of the gates can be modeled as either an ogee shape or a broad
crested weir shape. 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 a structure or a particular outlet that could not
be modeled with HEC-RAS. Lateral structures can be connected to storage
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 levee, and then use the later
structure option to represent the top of the levee along the stream. The area
behind the levee could be represented with either a storage area 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.

This section of the User’s manual will describe how to enter the data for
lateral weirs, gated spillways, culverts, and lateral rating curves. For
information on general modeling guidelines and the hydraulic computations
of lateral weirs, gated spillways, and 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 6.31
(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:

L. 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
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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 numerical 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 6.31 Lateral Weir, Gated Spillway, and Culvert Editor

Enter all of the data for the Lateral Weir, Gated Spillways, Culverts
and Diversion Rating Curves. Gated spillways, culverts, and rating
curves are optional. If the user does not enter any gated spillways,
culverts, or rating curves, 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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3. 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.

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 structure.

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 weir and/or gate spillway 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 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.

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.

Position. The position box is used to define where the lateral structure 1s
located spatially within the cross section. 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 1s
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
channel. When the user selects “Right overbank™, the weir is assumed to be
located at the right end of the cross section data.

Connected To. This field will display what the lateral structure is connected
to {i.e. where the water leaving from the main river will be going). If the

6-69



Chapter 6 Fntering and Editing Geometric Data

6-70

structure 1s not connected to anything, this field will be blank. A lateral
structure can be connected to a storage area, another river reach, or nothing at
all. The buttons below this field are used to connect the lateral structure, as
well as remove a connection. Whatever the lateral structure is connected to 1s
where the water will be sent, and will also be used as the tailwater elevation
for submerged hydraulic calculations. 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.

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), no negative flow flap, and no positive flow flap. No flap
gates means that flow is allowed to go in both directions through the culvert.
The no negative flow flap option means that flow can only go in the positive
flow direction through the culverts. Positive flow is assumed to be taking
flow away from the river for a lateral structure. Therefore, the no negative
flow flap option would allow water to go away from the main river through
the culverts, but not back into the river. The final option, no positive flow
flap, 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 only. When
modeling in a steady flow mode, 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.
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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. 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 6-32.

Lateral Weir Embankme et x|
e ate e TR ] "'.»'»éis Statian and Elevation
Distance to Upstream «5 [10 . W
Wei Width [10 __1|100 a0 5l
! _2|150 30
| Weir flow reference:l‘w‘ater Surface 'i 3|10 78
Weir Coefficient (Cd) ]3 41130 78
‘weir Crest Shape _5 190 a0
® Broad Crested __bj 200 a0
Ogee 7
g
]
o)
11 :J
0K Cancel i
Enter distance between upstream cross zection and the start of the weir

Figure 6.32 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:

Distance - The distance 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).

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 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.
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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 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 1s 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).

Station and Elevation Coordinates - 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 does not have to equal the
stations in the river reach. Everything below these elevations will be filled in
to the ground. The Del Row and Ins Row buttons allow the user to delete
and insert rows.

Gated Spillway Data. 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 6.33 (except yours will be blank until you have entered some
data).
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Figure 6.33 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 Steady Flow data, 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 10 different Gate Groups
at each particular structure, and each gate group can have up to 25 identical
gate openings. 1f all of the gate openings are exactly the same, then only one
gate group needs to be entered. If the user has gate openings that are different
in shape, size, elevation, or have different coefficients, 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 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 cach set of gates
that will be opened to different elevations.
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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).

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.

Gate Type - This field is used for selecting the type of gate. Two gate types
are available, radial (tainter gate) or sluice (vertical lift gate).

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.

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. 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 equations. When the flow is less than 67 percent submerged,
the program uses the free flow gate equations.

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.

Centerline Stations - This table is used for entering the centerline stationing
of the identical gate openings. The user should enter a different centerline
stationing for each gate opening that is part of the current gate group. All
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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".

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.

Weir Crest Shape - This parameter allows the user to select between a Broad
Crested shape weir and an Ogee shaped weir. Depending on which shape is
selected, the program will use a different submergence criteria during the
calculation. In addition to the submergence criteria, if the user selects the
Ogee shape, the program will bring up two additional data entry fields that
must be entered by the user. These fields are used for 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 C4. 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 actual head over the gated 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).

Spillway Approach Height - The spillway approach height is equal to the
clevation 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.

Once all of the data for the gates have 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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Culvert Data. 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.

Culvert Data Editor

Add | Copy | Delete|cuventiD  [Cuven 1 =]

Solution Criteria |HighestU‘S,EG :j Rename IE] E
Shape |Circular "] f I Diam |5

Chart # ]1 - Concrete Pipe Culvert 3
Scale # h - Square edge entrance with headwall LI

Upstream Invest Eley: ]205
Culvert Length: m— Downgtream Invert Eley: W_
Entrance Loss Coeff: rr # identical barels : ﬁ_—_
Ewit Logs Coeff: ﬁ__.—

Manning's nfor Top: [0.013 Upstream | Downstiearn | 4
Manning's n for Bottam: ]m—_ —12 5. . B
DepthtouseBottorn: [0 "3 ]
Depth Blocked: ﬁ— 4| . L'
DK I Cancel _| Help |

Enter the length of the culvert [ft)

Figure 6.34 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. 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:

Lateral Diversion R ing Cury

& Diversion based on water suface in channel

¢ Diversion based on flow in the channel

Distance to Diversion: h no
: Divetsion Rating Curve

Chan'wS Elev | DivFlow -

1 205 0
2] 2060 toof
3] 208 500
] 210 1000}

5 215 2000
G 220 5100
32 225 E0010)

_E St T :J

Plot Curve ... oK I Cancel ]

Figure 6.35 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.

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:
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=

Linear Routing Coef for flow from Beaver Creek Kentwood at |l105
R3:54 toStorage area: STo #1

Linear Routing Coef for flow from Storage area: STo #1 to IU‘US
Beaver Creek Kentwood at RS: 5.4

Elevation of spillway crest: 212

Figure 6.43 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 entered. If both water
surfaces go below the spillway crest, no flow is passed over the structure.
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Storage Areas

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, at the end of 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 consist of a weir, gated spillways and a
weir, culverts and a weir, or a linear routing option. An example river system
with storage areas is shown in Figure 6.36.

Geometric Data - Beaver Cr. with Gates
File Edit Yiew Tables Tools Help

Tools| River |Storage| S.A. Pump .
Reach | Area | Conn | Station Ra p-4

Editors — ‘ asr C? . 44
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Cross |

HTah
Param.

View
Picture

o 593

_r.,»"”\ 5595166

= 591333
5.875* Kertwood

%~ BTORR
576
4%;‘ 5 BEs
'-'3";.\ #5851
W\, 5576
; %\, 5.542*
e 5508

2402667 00, 11226120 .00

Figure 6.36 Example Schematic With Storage Areas.

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
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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.

After the storage area is drawn, 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:

-1 (3]
T Areatmes depth method  Area (acres) |

Min Elev: I

% Elevation versus Yolume Curve

Storage Area:

Elevation Volume Cuive

First elevation must have zero volume

|

Elevation | Volure [acre-f] | =]
1| 43831 0 B
2| 43858 153 ]
_g 43881 34.92
"4 43904 285.08
B|43328 303.38
__5_ 43849 18124
743972 2811.95
8/4399.4 3827.09
“al4am 7 4844 N4 e
OK Cancel |

Figure 6.37 Storage Area Editor

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 dimply 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.
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Storage Area Connections

Storage Area connections are used to link two storage areas together with a
hydraulic structure. Storage area connections can consist of a weir; culverts
and a weir; gated spillways and a weir; or a linear routing option. To
establish a hydraulic connection between two storage areas, press the
“Storage 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 storage areas, the user must enter
information describing the hydraulics of the connection. This is
accomplished by pressing the Storage 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 6.38 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
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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/fembankment editor is selected,
the following window will appear:

Special Connection weir d °F R X
‘Weit Data ' B /o Station and Elevation
| Station ] Elevation l“!
Wi Widih [io 1o 185 |
T 2s0 18
Weir flow teference.lEn&rgy Grade "I i HE=Y
Werr Coefficient [Cd) 12.8 Sk
e Crest Shape _ 5]
. (8 Broad Crested __b]
(" Dgee s
S
3
10
1 |
0K Cancel |
Erter width of the weir in the direction of flovw.

Figure 6.39 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
imnformation must be entered also. When the culvert editor button 1s selected,
the following window will appear:
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i:ulver Data Editor
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Figure 6.40 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, and
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:

Pl Parameters for Hy

&

Mumber of points on free flow curve:

MHumber of submerged curves:

MHumber of points on each submerged curves:

Spply humber of points to all Connections

0
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o

1

l Cancel j

Figure 6.41 Hydraulic Properties Table Editor
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As shown in Figure 6.41, the user must enter a number of points for the free
flow curve (default is 40, max 50); number of submerged curves (default is
40, max 50); number of points on the submerged curves (default is 10, max
20); and head water maximum elevation. Additionally, the user can enter a
tailwater maximum elevation; maximum swell head (difference between
headwater and tailwater); 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 6.42. 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 and lateral gated spillways found earlier in this chapter.

Connection Gate Editor

Add | Copy | Delete | Gate Group:  [Gate #1 =l

Rename | E}
Height: ]'IIJ Width: I1D [rvert: I'ISEI
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Opening Exponent: | 3
Head Exponent. |0,5 "_I
T I 5
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Head Refererce: ISM (Invert) ¥, I al ~|
Weir Data
Wer Coefficient: |3

- Wer Crest Shape
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C Oges
oK J Cancel ' Help

Enter the identical gate’s centerline stations (ft]

Figure 6.42 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:
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simple Spillway

Linear Routing Coef for flow from Storage area: Pyramid Lake ]D. 05
to Storage area: Eagle Lake

Linear Routing Coef for How from Storage area: Eagle Lake to |ﬂ.05
Storage area: Pyramid Lake

Elevation of spillway crest: ]250. 4

Cancel |

Figure 6.43 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 entered. 1f both water
surfaces go below the spillway crest, no flow is passed between the storage
areas.

Pump Stations

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 Mame: | urw;ﬂ | EIE, Rename Pump Station |

Pump Connection Data ' Pump Group Datal

Pump From  [Storage area Bayou SetRS | SetSA| Del
o,
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-
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‘Reference: [Storage area Bayou SetRS | SetSA | E_I

Plan Data -
Highest elevation in pump line (optional}  |220 Steady Flow Optimization .. |

Plat Furnp Curves ... 0K Cancel

Figure 6.44 Pump Station Editor with Pump Connection Data

As shown in Figure 6.44, there are two tabs on the pump station editor, one is
for the pump connection data, and the other is for the pump group data. 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.

Pump To: This is the location of where the pump station is pumping to. This
can be either a storage area or a river station from a river reach.

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 to and from water surface
elevations does not completely quantify the required head to pump the water
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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:

Pump Station Data Editor

Pump Station Name: ] | E]E Rename Pump Station l

Purnp Connection Data  Pump Group Data |

Group MName: IGtoup #1 Lj Add Group I Delete Group ... ] Fiename Broup;l
Pump Groups e - —= - ~ = -
MNumber of Pumps in Group: |3 v’ Pump Efficiency Curve :

| [ Bias group operations ta on [steady flow only) - Head[ﬂ]ﬂl FI“"""[C';]JO =
B2 10 |

Pump Name | WS Elev On (i) | WS Elev Off (i) o8 | 3] 15 80
1| Pump #1 2085 208f 5 | 4 18 60
2| PumpH2 209 2085 *} 25} 20 30
3| Pumpii3 209.2 { | 6] 21 0
: R Ak 2 Yl FORA T 7
B
9]
10|

Lo

Plat Purnp Curves .. oK l Cancel J

Figure 6.45 Pump Station Editor With Pump Group Data.
As shown in Figure 6.45, the pump group data consists of the following:

Group Name: By default the first pump group is called “Group #17, and the
second would be “Pump Group #2”, etc. The user has the option to rename
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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. Identical pumps must use the
same pump efficiency curve but can have different on and off trigger
elevations.

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 1s between the
on and off elevations.

Pump Efficiency Curve: This table is used to enter the pump efficiency curve,
which is a table of pump head versus flow rate. 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, plus any friction losses and
minor losses in the pump line. The flow 1s the pump rate capacity at that
particular head. The pump efficiency curve can be plotted for visual
inspection by pressing the Plot Pump Curves button at the bottom of the
window.

Pump Operations: This table is used to define the trigger elevations 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.

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 6.46.
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Figure 6.46 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 6.47. 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.

%S Interpolation by Re;

River. iEritica& Cr.

Reach: iUpper Reach

|
=l

Upstream Biv Sta: 12
Downstream Riv Sta: m
Maximum Distance betweenX5's: 100
12 Decirnal places _‘_’_j
Delete Interpolated XS's I Interpolate X5's i

Close I Help i

Erter max distance between interp %35,

Figure 6.47 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 tic marks. The lighter color 1s 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.
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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 6.48.

Xs Interpolation - Base Georiatiy DRSS 10} x|
River |Crtical Cr ~] Upper Riv Sta: [11 ~1[4][1)
Reach: |Upper Rieach ] LowerRrvSta fio

Distance Between X5's |5g[| |2 Decimal places LI

|Maximum Distance lEl]E“i @ Interpolate I

Fd
jf

fff 4

Close | Help I

Figure 6.48 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 6.46.
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 6.48, 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 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
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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.

XS Interpolation - Base Geometry _1of x|

River | Citical Cr. ~] Upper Riv Sta: [11 ~1(s](t]

Reach: |Upper Fleach v| LowerRivSta: [0
Distance Between XS's [ioo |2 Decimal places L]

IMaximum Distance (f] :J [100 Delete |nlarl3| [

Close f Help |

Interp 4 xs's between 10" and 11"

Figure 6.49 Cross Section Interpolation Based on Default Master Cords

As shown in Figure 6.49, the interpolation was adequate for the main channel
and the left overbank area. The interpolation in the nght overbank area failed
to connect two geometric features that could be representing a levee or some
other type of high ground. Ifitis 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.
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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 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 6.50.

XS Interpolation - Base Geopy ;gj

Data —1o0j x|
River |Critical Cr ] UpperRivSta: [11 ~1[3][1]

Reach: [Upper Reach =] Lower RivSta: [i0
Distance BetweenXS's  [5oo {2 Decimal places ]

IMaxknumDistance [f) _:H‘IDU Delelelntefpl Interpolate I

Close I Help I

Create additional interpolation cords

Figure 6.50 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
mspection. An example of this is shown in Figure 6.51.
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Figure 6.51 Final Interpolation With Additional Master Cords

As shown in Figure 6.51, 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.

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
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River Ice

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.

The current version of HEC-RAS allows the user to model ice-covered
channels. This section of the users 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 6.52). All ice data for this cross section can be entered with this
editor.
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Figure 6.52 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
jamn at that section. If the jam 1s 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
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geometry must be included at the upstream end and the downstream end of
the wide 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 "Ice cover" will now appear. The
user can now click on the words "Ice cover"” to return to the ice cover editor
for that cross section.
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Edit Cross Ice Cover Data

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 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 6.53).
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Figure 6.53 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 (Ice 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 (Ice 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
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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.

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 6.54.

Select Ice Jam Computation Option

" Mo ice computed in the bridge
¢ Ice remains constant throught the bridge

oK Cancel | Help

Figure 6.54 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.
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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, 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 1s 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 1s 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 data are entered, the user can view and edit certain types
of data in a tabular format. The current version of HEC-RAS allows the user
to view and edit Manning’s n or k values, cross-section reach lengths,
contract and expansion coefficients, ice cover, cross-section river stationing,
and node names. These options are available from the Tables menu option
on the Geometrie Data editor. The following is a description of each option.

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 6.55.

As shown in Figure 6.55, 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.

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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Figure 6.55 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 specitic n or k value, which will

replace all of the highlighted values.

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




Chapter 6 Fntering and Fditing Geometric. Data

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 6.56. 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.

Edit Downstream Reach Lengths T
Biver: |Beav3r Creek _VJ @ > r'; Edlt Interpolaled XSIS
Reach: rKen!wnod ﬂ
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2|5.875° 440 600 400
3|5.76 225 400 275
4|5 685" 225 400 275
5561 240 460 190
B|5.525% 240 460 190
7|5.44 270 170 R00
8[54 100 100 100
9|54 Bridge
10{5.39 320 500 530
11{5.29 410 4165 410
12]5.21* 10 4165 410
13]5.13 310 355 340
14| 5.065* 30 355 340
15(5.0 1] 0 1]
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Figure 6.56 Reach Lengths View and Editing Table

Contraction and Expansion Coefficients

The user has the ability to view and edit contraction and expansion
coefficients in a tabular format. This is accomplished by selecting
Coefficients from the Tables menu of the Geometric Data editor. Once this
option is selected, a window will appear as shown in Figure 6.57. 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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Bank Stations

This table allows the user to set or move the main channel bank stations. 1f
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 their corresponding 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.
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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 River Stations from the
Tables menu of the Geometric Data editor. Once this option is selected, a
window will appear as shown in Figure 6.58. 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 factor, or to renumber the cross section river stationing based on the
main channel reach lengths

Rename River Stationk_i_-} N
River. IBeaver Creek :_]
Reach: [Kentwood =]
Selected Area Global Edits
Add Conistant ] Multiply by Factor !
Generate RS b‘;:;ed on m.-air-: channel length-
- Starting RS Value: [0
| Create RS in miles ' Create RS in feet l
RS New RS -
11599 5.99 31
2| 5875 5.875¢
31576 576
4|5.685 5685
5|5.61 5.61
6| 5.525 5.525¢
7|5.44 5.44
8|5.41 541
9|54 BR 54
10{5.39 533 :J
0K Cancel Help l

Figure 6.58 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 Node
Names from the Tables menu. When this option is selected a window will
appear as shown in Figure 6-39. Enter any text name that you want at a
desired location within the model.
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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 Node Descriptions from the Tables menu. Enter any text description
that you want at a desired location within 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.

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
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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 6-60. As shown in Figure 6-60, the user is given the length
between the cross sections that bound the bridge, the distance between the
upstream cross section and the bridge, the bridge width, and the distance
between the downstream cross section and the bridge. 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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Reach: ILoc Hav

Selected Area Global Edits
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Multiply Factor I Set Values '

River Sta Dist Avail Upstream Dist Width |

1] 103245 247.45 100 42
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Bl 21241 83.41 an 20
715100 59353 240 210
8] 11985 169.43 50 50
9] 2920 316.24 50 160
10 2436 12319 15 100

Help I

E

Cancel |

Figure 6.60 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.

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 MIKEL1 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.
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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 three
available formats from the list. After a format is selected, the user will be
asked if they want to add the data to the current geometry file, or if they want
to clear the current geometry file before importing the data. Once this choice
is made, the user will be prompted to enter the name of the file containing the
data. The following is a discussion of each of the three file formats.

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
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
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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 mformation 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. MIKE]11 is a one-dimensional river hydraulics model developed by
the Danish Hydraulic Institute. Users must first export the MIKE11 data to a
raw text file. This is an available option from MIKE11. Once the data is in
the text file format, it can be imported into HEC-RAS.

Geometric Data Tools

Several tools are available from the Geometric Data editor to assist you in the
development and editing of data. These tolls consist of: cross section
interpolation; channel modification; graphical cross section editor; 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 6.61.

The user has the option to move objects (objects are ground points, main
channel bank stations, 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
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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
= Entering and Editing Steady Flow Data

= 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.

7-1



Chapter 7_Performing a Steady Flow Analysis

7-2

Steady Flow Data - 10, 2 and 1% chaiceeveis =101 %]
File Options Help

Enter/Edit Number of Profiles (500 max): |3 Reach Boundary Conditions I 4 I

Locations of Flow Data Changes

River: IBulle Cr _'_]
Reach: [Tr'butaly j River Sta.: 0.2 | AddA Flow Change Location [
Flow Change Location Profile Names and Flow Rates
River Reach RS I [100 yr bty
1| Butte Cr. T ributary 02 |100 500 1500
2| Fall River Upper Reach 10 500 2000 5000
3| Fall River Lower Reach 973 |600 2500 6500
4| Fall River Lower Reach 96 |650 270 7000 ‘
R e SR o B TR i LD e oy s ARSI RS e T S et e 3 G 1. § s (e i

{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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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
Jjunctions 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
of 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 flow rating
curve. For each profile, the elevation is interpolated from the rating curve
given the flow.
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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.

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 1s 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 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.
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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 four options that the
user can select from: Additional EG, Change in EG, Known WS, and
Change in WS. 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.

Set Internal Changes in WS and EG £ 2183 ] 5 .

Select Location and Profile, then Select Method

River |Butte Cr | Profle  |10m ~|

Reach: !Tribu{ary :] HiverS!a.:lU.Z :]
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River Reach RS Prof Type Value [ft] ,{r s
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oK I Cancel | Help 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
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location and profile, the next step is to select one of the four available options
by pressing the appropriate button. Once one of the four 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.

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 and in the summary output

tables.

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 7.4.

Spillway Gate Openings
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Figure 7.4 Inline Spillway Gated Openings Editor

As shown in Figure 7.4, 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 Figure 7.4, 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.
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Initial Lateral Split Flow Values. This option allows the user to enter initial
estimates of the flow that is leaving the main river through a lateral
weir/spillway. 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.

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 requires to enter a water surface elevation 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 7.5. 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.

[55 Set Locations for DSS Connections e al ]C‘I]i{
Aivan !B ald Eagle Creek :_J Delete row from table I
Reach: |Lake to Lock Hav | RiverSta: [1381544  v] Add selected location to table |
River Reach RS DSSFile | Part A Part B Part C -~
1| Bald Eagle Creek | Lake to Lock Hav|138154 4| C:\HE CARASAE ale
Bald Eagle Creek | Lake ta Lack Hav|82607 89| C.\HEC\RAS\Bal SAYER IN FLOW
Bald Eagle Cieek | Lake to Lock Hav 81849 41| C:\HEC\RAS \Bal BLANC FLOMW
Bald Eagle Cieek |Lake to Lock Hav| 76002 96| C:\HEC\R4S4Bal MARSH JCT FLOW
Bald Eagle Creek |Lake to Lock Hav |67326 78| C:AHEC\RAS Bal MAR-BEE FLOW _JL]
4 »
DSSFie:  [CAHEC\RAS‘BaldE agletforecast dss ~] Updale Catalog |
Part & Part B Pait C Pait D Pait £ Part F -l
Filter FLOW 0INOV1993
10 HOW-SPR FLOW DINOV1933 THOUR BALDEAGLE NOY9
11 MAR-BEE FLOW DINOV1533 1HOUR BALDEAGLE NOY9
12 MARSH Hw FLOW 01INDOV1933 1HDOUR BALDEAGLE NOva|__|
13 MARSH JCT FLOW 01NOV1993 1HOUR BALDEAGLE MOVS
14 MIL-S8Y FLOW 0INDOV1533 1HOUR BALDEAGLE NOV9
15 MILES Hw/ FLOW 01NOV19393 THOUR BALDEAGLE NOV3
16 W 0INOV1333
17 SAYER FLOW 01HOV1333 THOUR BALDEAGLE NOV3 .1]
Select D55 Pathname |

Plat Selected Pathname |

ok | Cancel |
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Figure 7.5 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



Chapter 7 Performing a Steady Flow Analysis

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.

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 7.6

Importing DSS Data

Time Window

Staring Date: [27Nov1993 Staiing Time: [0000
Ending Date: [050ec1393 Ending Time: 11200

¥ Select Profles at the Following Interval; IE; iy :J

¥ Get Peak Flows at all Locations for Final Profile

Interpolation Dptions for Lacations \With Mo DS5 Data
(" Mo Interpolation [Leave Blank]

& Linear Interpolation
" Use enisting flow profiles as ratios

Import Data l K Cancel Help

Figure 7.6 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.

-9



Chapter 7 Performing a Steady Flow Analysis

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 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
tlow 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.

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 7.7 (except yours may not have a Plan title and short ID).

B} steady Flow Analysis 4 Ria i - e x|

File Options Help

Plan:  Existing Conditions Run ShortID  {Existing

Geametry File : lBase Geometry Data : j
SteadyFlowFile:  [10 2and 1% chance everts ~]

Flan Descnption ;

Flow Fegime

% Subcitical B

™ Supercritical
" Mized

Enter to compute water surface profiles

Figure 7.7 Steady Flow Analysis window
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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 provide 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 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.

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 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.
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As shown in Figure 7.8, the user can specify to compute flow distribution
information for all the cross sections (this i1s 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.

Set Locations for Flow Distribution

Set Global Subsection Distribution : :
Set Global SubSections LOB 10 =1 Channel [‘ID ']HGB TR Y

Set Specific Location Subsection Distnbution

| River: IButte Cr.

‘Reach: [Tributary : ' Number of SubSections (Max 45 total)

Starting Riv Sta. {0.2 ~Jwoe [t =] chane I <] ROB 1 <]
‘Ending RivSta.  [02 -] Set Selected Range |

Cancel Help Clear ali

Enter to accept chanages

Figure 7.8 Window for Specifying the Locations of Flow Distribution

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 cutput, see Chapter
9 of the User’s Manual (this manual).
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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 four
available friction slope equations, or to allow the program to select the
method based on the flow regime and profile type. The four equations are:

- Average Conveyance (Default)
- Average Friction Slope

- Geometric Mean Friction Slope
- Harmonic Mean Friction Slope

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 !!! - 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.

Critical depth calculation tolerance: This tolerance is used during the critical
depth solution algorithm.

Maximum number of iterations: This variable defines the maximum number
of iterations that the program will make when attempting to balance a water
surface.

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 minimuimn error is less than this value, then the program uses the minimum
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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.

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.

Maximum Iteration in Split Flow: This variable defines the maximum
number of iterations that the program will use during the split flow
optimization calculations.

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.

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 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.
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Split 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 7.9. As shown in Figure 7.9, 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.

=Juh§uans| Lateral Weir/Diversions | 1~ i | Prrce]
Junctiors Optirnize
1{ Meadows v

aK | Cancel

Figure 7.9 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 1s redistributed and the profiles
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7-16

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 on the program will automatically compute the
stage in the storage area based in the flow in the river reach.

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 computational program.
This file contains information tracing the program process. Log levels can
range between 0 and 10, with 0 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 7.10. 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. It is
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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.

Set Global Log Level
Global Log Level

Set Specific Log Level Locations ; = o
River lSpruce Creek _'_I Profile: IT_?
Reach: IUpper River
Starting Riv Sta: 1278 ¥ | LogLevel 10 v
EndngRivSta: (1188 ]

Spiuce Creek.  Reach=Lpper River  R5=1278. profile= 1 LL=10
- {Spruce Creek Reach=lpper River  RS=1188  profile=1 LL=100

_SetSelectedRange

0K Cancel Help Clear Al

Set specific log level for selected location :

Figure 7.10 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. 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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CHAPTER 8

Performing an Unsteady Flow Analysis

This chapter shows how to calculate unsteady flow water surface profiles.
The chapter is divided into two 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.

Contents

m Entering and Editing Unsteady Flow Data
® Performing Unsteady Flow Calculations
m Calibration of Unsteady Flow Models

m 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 1s 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 will 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 the desired River, Reach, and River Station, then press the Add a
Boundary Condition Location button.
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EUnsteady Flow Data P ) : :_‘f‘ Wt X}

File

Boundary Conditions | initial Conditions |

River: ; Mittary River _"J

Feach: ['w'eir Reach _'_j River Sta: {SU_‘E VI Add a Boundary Condition Locatianj

Options  Help

Stage Hydrooraph l Flow Hydragraph

Select Lacation for Boundary Condition

Boundary Condition T

River Reach RS Boundary Condition Type

Mittany River ‘“Weir Reach 601 Flow Hydrograph

Mittany River ‘Weir Reach 4175 |5 |Elev Controlled Gates

Storage Area and 54 Cornections: : _ﬂ Add a Bounday Condition Locatin:un{

Nittany River ‘Weir Reach 36.85 Rating Curve

| Storage Area or 54 Connection Boundary Condition Type

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:

Flow Hydrograph:

A flow hydrograph can be used as either an upstream boundary or
downstream boundary condition, but 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
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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. The user can
use the pathname filters to reduce the number of pathnames shown in the
table. The last step is to select the desired DSS Pathname and to close the
window.

River Bald Eagle Reach: Loc Hav B5: 138154.4

" Read from DSS before simulation r ....... select D55 file and Path ‘

File: |
Path: |
@ Enter Table Data time interval |1 Hour -
Select/Enter the Data's Starting Time Reference - :
& Use Simulation Time: Date  102/18/1999 Time (000
" Fixed Start Time: Date | Time: |

No. G(dinatesl Interpolate Missing Values J DelHow] Ins Row I

Hydragraph Data

Date Simulation Time Flow -
(houirs) (cfs]
1| 17Feb1399 2400 00:00 1000,
2| 18Feb1999 0100 01:00 1040,
3| 18Feb1939 0200 02:00 1080,
4| 18Feb1393 0300 03:00 1120
5| 18Feb1339 0400 04:00 1180. |

Time Step Adjustment Options [“Critical'* boundary conditions]
[~ Monitor this hpdrograph for adiustments to computational time step

e
MinFlow [ Mutipier [ '

Plot Data ] oK I Cancel |

Figure 8.2 Example Flow Hydrograph Boundary Condition

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
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then begin entering the data.

Pick DSS Path

ﬂ Update Catalog |

101 x|

D55 File: CAHECURas30Unsteadyhbeaver des
Part & Part B Fart C Part D Fart E Part F _:_[
Filter FLOW
109| BEAVER CREEK KENTWOOD 5.951 FLOW 01FEB193 1HOUR 0
110| BEAVER CREEK KEMTWOOD: 5.951 FLOW O1FEB13 1HOUR 10 YEAR EWNT
111| BEAYER CREEK KENTWOOD 5497 FLOW 01FEB133 1HOUR i ‘
112| BEAVER CREEK KENTWOOD 5.97 FLOW

{14

113| BEAVER CREEK KENT'wOOD 5.93 FLOW

B e e i Yo o TS N 7y P - =

Select entire filtered list

O1FEB133 THOUR 10YEAR EVNT|

D1FEB133 1HOUR -
: 10 YEAR EVNT _:J
| Select highlighted DSS Pathname(s) |

/BEAVER CREEK KEMTWOOD/5.93/FLOW /M FEB1933/THOUR A0 YEAR EVNT/

Flot Selected Pathnamels] ] Clear List Clase
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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 at 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.

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.
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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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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 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.

As recommended with the rating curve option, when applyimng 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.

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.
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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 specified cross
sections. 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 Interflow option allows the user to identify a reach of river
that will exchange water with a groundwater reservoir. 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 computed flow is proportional to the head between the river and
the groundwater reservoir. The computation of the interflow is based on
Darcy’s equation. The user is required to enter Darcy’s groundwater loss
coefficient (hydraulic conductivity), 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).

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.



Chapter 8 Performing a Unsteady Flow Analysis
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Figure 8.5 Example Time Series of Gate Openings Editor

Warning: Opening and closing gates to 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.

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. 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.). The user must also enter a maximum and minimum
gate opening, as well as the initial gate opening. Figure 8.6 shows and
example of this editor.
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Elevatmn Controlled Gate:
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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.

Internal Observed Stage and Flow Hydrograph:

This option allows the user to enter an observed stage hydrograph or a stage
and flow hydrograph, to be used as an internal boundary condition just
upstream of an inline structure (inline weir/spillway, bridge, or culvert). If
only an observed stage hydrograph is entered, the user must have values to
cover the complete simulation range. If a stage and flow hydrpograph is
entered, the stage hydrograph is used as the observed boundary until the stage
hydrograph runs cut of data; afterward the flow hydrograph is used. The end
of data in the stage hydrograph is identified by the HEC-DSS missing data
code, -901.0. The stage and flow hydrographs can either be entered into a
table or from HEC-DSS. The mixed boundary condition is primarily used for
forecast models where the stage data is observed up to the forecast time and
the flow hydrograph is the flow forecast.

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

8-9
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Bl unsteady Flow Data
File Options Help

by selecting the Initial Conditions tab. After the Initial Conditions tab is
selected, the Unsteady Flow Data editor will appear as shown in Figure 8.7.

As shown in Figure 8.7, 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.

[nitial Flow Digtrbution Method
" Use a Restart File SR E}j

¥ Enter Intial flow distribution

Locations of Flow Data Changes

River: ]BoyntOﬂSIough _j
Reach: ITributaty :_] River Sta.: IH?SB.E? "] Add A Flow Change Location i
River Feach RS Initial Flows
1| BoyntonSlough | Tributary 19758 67 80
2{ NTruckeeDrain | Tabutary 13328541 60
3i SteamBoatCr Upper 22976.87] 200
4| SteamBoatCr Lower 13573.42] 260
5] Truckee pper 41671.80] 5300
6 Truckee riddle 13313.60] 53240
7l Truckee Lawer 12674.60] 5620
8 _Truckee@wrbank Overland _ 14235 67{100
Initial Elevation of Storage Cells
Storage Cell Inital Elevation -
1} Areal) 4403 4]
2| Areal 4416
3| Area 4405 _f__l

Figure 8.7 Initial Conditions Editor

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
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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.

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
weir/spillway 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.

Observed Data In DSS. This option allows the user to attach observed data
pathnames from a HEC-DSS file to specific river stations within the model.
When an observed data pathname 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 tflow and stage hydrographs. Additionally the
observed data will show up on profile and cross section plots.

To use this option, the user selects Observed Data In DSS from the Options
menu of the Unsteady Flow Data editor. When this option is selected a
window will appear as shown in Figure 8.8. 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
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3 set Locations and Paths for Observed Patain DSS

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.

R =10l x|

Delete raw from table !
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Figure 8.8 Editor for Establishing Locations of Observed Data

Minimum Flow 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 (1.e. what if the flow were 20% higher?).

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
8.9 (except yours may not have a Plan title and short ID).

E,.!Uﬂsteady Flow &nalysis S ﬁ*_s: ; x|
File Options Help

Plan: Unsteady with Bridges and Dam it Shot ID |UnsteadyFlaw
Geometry File : [Exisling Conditions - GIS Data ﬂ
Unsteady Flow File : IF!ow Hydrograph 2 LI
ﬁogams to Run Plan Description :
v Geometry Preprocessor | l:l

W Unsteady Flow Simuation
W Past Processor '

- Simulation TiméWindoﬁ Shaw

Starting D ate: IIJ2.’1 8/1999 Starting Time: IUDDD
Ending Date: [02/24/1993 Ending Time: 0500
[ Computation Settings — i =
| Computation Interval 12 Minute "l Hydragraph Output Interyval |1 Hour "l’
Detailed Dutput Interval: |2 Hour = [ f

| DSS Dutput Filename: {C:\HEC\F{ as30\UnsteadyhBaldE agle. dss e
[~ Mixed Flow Regime {see menu: "'Options/mixed flow options _..")

Figure 8.9 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.

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
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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.

Geometric Pre-Processor

The pre-processor 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 pre-
processor must be executed at least once, but then only needs to be re-
executed if something in the geometric data has changed.

Cross sections are processed into tables of elevation versus hydraulic
properties of areas, conveyances, and storage. Each 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 Parameters (Hydraulic
Table Parameters) button from the Geometric Data editor. When this option
is selected, a window will appear as shown in Figure 8.10.
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Figure 8.10 Hydraulic Table Parameters for Cross Sections

As shown in Figure 8.10, 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 these values to whatever
they want. 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 buttons are available for manipulating the data.

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 Hydraulic connection editor. When this button is pressed, the
window in Figure 8.11 will appear:
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Figure 8.11 Hydraulic Properties Table for Bridges/Culverts

As shown in Figure 8.11, the user can set the number of points to be
computed on the free-flow rating curve (maximum of 50 points); the number
of submerged curves to be computed (maximum of 50); and the number of
points on the submerged curves (maximum of 20). The default values for
these parameters are 40, 40, and 10 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 (reguired), tail
water maximum elevation, maximum swell head (difference between the head
water and tailwater), 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.

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.
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Unsteady Flow Simulation

The unsteady flow computations within HEC-RAS are performed by a
modified version of the UNET (Unsteady NETwork model) program,
developed by Dr. Robert Barkau (Barkau, 1992) and modified by HEC. The
unsteady flow simulation is actually a three-step process. First a program
called RDSS (Read DSS data) runs. This software reads data from a HEC-
DSS file and then converts all of the boundary condition time series data into
the user specified computation interval. Next, the UNET 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 and the
RDSS program. The program then performs the unsteady flow calculations.
The final step is a program called TABLE. This software takes the results
from the UNET unsteady flow run and writes them to a 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 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.

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 (Note: the Post-Processor is limited to 500 profiles). 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 (stages and flows) and the instantaneous
profiles. These computed stages and flow are sent to the HEC-RAS steady
flow computation program SNET. Because the stages are already computed,
the SNET program does not need to calculate a stage, but it does calculate all
of the hydraulic variables that are normally computed. This consists of over
two hundred hydraulic variables that are computed at each cross section for
each flow and stage.

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 SNET 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 headwater elevation computed
from the Post-Processor that is higher than the next upstream sections water
surface. This difference 1s 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 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. | p.m. is entered as
1300).
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Computation Settings

The Computation Settings area of the Unsteady Flow Analysis window
contains: the computational interval; hydrograph output interval; detailed
output interval; 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 24. In other words, if the flood wave goes
from its base flow to its peak flow in 24 hours, then the computation interval
should be equal to or less than 1 hour.

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 aslowas 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
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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.

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.

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 increases the models stability. When
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.

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;
calculation options and tolerances; output options; checking data before
execution, and viewing the computation log.

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 8.12.

As shown in Figure 8.12, the user can select individual locations, groups of
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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.

. Stage and Flow Output Location T =10} x|
Selected Locations LT - : -

! Selected Locations (57 selected)

| River: lEeaver Creek :..I Beaver Creek  Kenbwood 5.99 al

Beaver Cresk  Kentwood 597

‘Reach: [N ~ | [Geaver Creek Kentwood 5951

| RiverSia. Beaver Creek  Kentwood 582
< -~ Beaver Creek  Kenbwood 5913
5.33 ] Beaver Creek  Kentwood 5894
‘ 5?3 :] Beaver Cresk  Kenbwood 5875
‘ 5-57’1 Beaver Creek  Fentwood 5855
593 Beaver Cresk  Kenbwiood 5.836
5.913 Beaver Cresk  Kenbwood 5.81
5'824 Beaver Creek  Kenhwood 5798
5.875 Beaver Creek  Kenbwood 5779
ES‘::"; 2 Beaver Creek  Kenbwood 576
5.836 —-—] Beaver Creek.  Kentwood 5,741 _ﬂ
Clear Selected List oK Cancel |

Figure 8.12 Stage and Flow Hydrograph Output Window

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 8.13.
As shown in Figure 8.13, the user first selects a river, reach, and a range of
cross sections to apply the factors to. Next a starting flow, flow increment,
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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.

Roughness Change Facl

Raughness Factor Data
ek iri'-.-': Mizsissippl Riv rehiLower 12:953.03 to 922 :_Ie

Add | Coy | Deete]  [3][1]
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2 60000 ne
3 110000 0.85
4 160000 0.85
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] 360000 0.95
9 410000 il
LT — O
0K l Cancel |

Figure 8.13 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 8.14.

As shown in Figure 8.14, 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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Seasonal Roughness Change Factos
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Figure 8.14 Seasonal Roughness Factors Editor

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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Unsteady Encroachments
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Figure 8.15 Unsteady Flow Encroachment Data Editor.

As shown in Figure 8.15, 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
1s 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.

Dam (Inline Structure) Breach. This option allows the user to perform a
Dam Break 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. Storing the data as Plan data is not that
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important in a planning study, but it is very important when doing real time
river forecasting. 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.
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Figure 8.16 Dam Breach Editor.

As shown in Figure 8.16, the user selects a particular Inline Structure to
perform the breach on. The following data must be entered for a breach:

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 loosing the user entered breach information.

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.

Final Botrom Elevation - This field is used to enter the elevation of the
bottom of the breach after it has been fully developed.
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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.

Full 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 two trigger methods for
initiating the breach. The two trigger methods are a water surface elevation
or a specific time and date.

Starting WS - If the user selects water surface elevation for the failure trigger
mode, then this field must be entered. This field represents the water surface
elevation at which the breach should begin to occur.

Start Date - If the user selects a starting date and time as the failure trigger
mode, then this field must be entered. This field is used to enter the date at
which the breach will begin to occur.

Start Time - If the user selects a starting date and time as the failure trigger
mode, then this field must be entered. This field is used to enter the time at
which the breach will begin to occur.

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 now look like the following:
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Figure 8.17 Dam Breach Editor with User Specified Breach Progression.

As shown in Figure 8.17, 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: More detailed information on performing a breach analysis can be
found in the HEC-RAS User’s Manual, chapter 16.

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
overtop 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 8.18.
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Figure 8.18 Levee Breaching Editor.

As shown in Figure 8.18, 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.

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.

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
momentum equation. Warning !!! - Increasing the default calculation
tolerances could result in computational errors in the water surface profile.
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The tolerances are as follows:

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
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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.

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.

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 0.1 feet.

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 0 to 40.

Maximum number of warm-up time steps: Before the dynamic simulation, the
program runs 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 20. This value ranges from 0 to 40.

Time step during warm-up period. During the warm-up period described in
the previous paragraph, it is sometimes necessary to use 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 a time step that is
the same as for the unsteady flow simulation period.

Minimum time step for interpolation: The program has an option to
interpolate between time steps when it finds a very steep rise in an inflow
hydrograph, or a rapid change in stage at any cross section. This option
allows the user to set a minimum time step to use during interpolation. This
prevents the program from using to small of a time step during time slicing.

Maximum number of interpolated time steps: This option defines the
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maximum number of interpolated time steps that the program can use during
time slicing, as described in the previous paragraph.

Weir flow stability factor: This factor is used to increase the stability of the
numerical solution in and around a weir. 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 weir flow. The default value is 1.0. If you observe oscillations in
the computed flow over the weir, 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.

Spillway flow stability factor: This factor is used to increase the stability of
the numerical solution in and around a gated spillway. 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 spillway flow. The default value is 1.0. If you observe
oscillations in the computed flow over the spillway, 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.

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.

Convert energy method bridges to cross-sections with lids: This option is
used to convert bridges to normal cross sections, instead of being processed
as a family of rating curves. If you have a bridge in which you are using the
energy solution method for high and low flow solutions, there is no need to
process this as a family of rating curves. Instead, you can have the program
treat the two internal bridge cross sections as any other normal cross section.
If you turn this option on, the program will create a separate table of elevation
versus area and conveyance for each of the two bridge sections.
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QOutput Options. This option allows the user to set some additional output
flags. The following is a list of the available options:

Write Initial Conditions file: This option allows the user to write out 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 is require to enter a time in
hours from the beginning of the current simulation, which represents the time
at which the conditions of the system will be written to the “Hot Start™ file.

Write Detailed Output for Debugging: This option allows the user to turn on
detailed output that is written to a log file. 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.

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.

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.
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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 8.19). The information that appears in
the window is there as an indicator of the programs progress during the
computations, and to display any computational messages. 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 on the
detailed log file output option and re-run the program. Then view the log file
output to begin debugging the problem.

@ HEC-RAS Finished Computations
~ Geometry Processor e ; =
River. Beaver Creek RS: 50
Reach: Kentwood Mode Type:  Cross Section

' 1B Curve: R R TR T
AR R SR

i Unstéad_l,i Flow Simulation
Simulation;

Post Process
River: Beaver Cieek RS: 5.0
Reach:  Kentwood Mode Type: Cross Section

Profile: 12FEB1933 2400

Simulation: 74/74

Computation Messages
Finished ‘Wnting Results to DSS

Lo

Reading Data for Post Process

Running Post Processor Beta Yersion 3.1.0 Released JANUARY 2002

Finished Post Processing

Total Computation Time =1 min 3.70 sec

Figure 8.19 Unsteady Flow Computations Window
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Calibration of Unsteady Flow Models

Calibration is the adjustment of a model's parameters 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.

Z. The recorder may systematically accumulate error over time.

3. The gage reader of a daily gage misses several days and guesses at the
stage recordings.

4. There 18 an error in the datum of the gage.

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 foot. 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. 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
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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 Figure 8.20 below is a comparison between high water marks

and the computed maximum water surface profile. Note the scatter in the
high water marks, particularly around river station 230. Which mark is
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Figure 8.20 Computed Water Surface Profile Versus Observed High
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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 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.
River ~tgled
Stream Station : Drainage
Mile )
(Sq. Miles)
Red River Grand Forks 296 30,100
Turtle River Manvel 272.9 613
Forest River Minto 242.5 740
Snake River Alvarado 2299 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
u d
River nglage Pattern Drainage
Stream . Drainage :
Mile i Hydrograph  Area Ratio
(Sg. Miles)
Grand Marais Creek 288.6 298 Middle River 142
Tamarac River 218.5 320 Middle River 1.21
Remaining 1,460  Middle River 5.51

Figure 8.21 Example Drainage Area Accounting for Red River of the

North.

As shown in Figure 8.21, ungaged areas can be accounted for by using a
pattern hydrograph of a 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
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8-36

error when trving 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).

Also, a one-dimensional model assumes a constant water surface in 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 there 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 8.22). However, if the banks of a river
are rougher than the channel bottom (do 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 8.22 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
bedforms; 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 8.23 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.

Stage (ft)
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Figure 8.23 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 8.24 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.

Crossing Pool

Meandering

Crossing

Figure 8.24 Morphology of a Meandering River

An invert profile for the Mississippi River is shown in the Figure 8.25. Note
the pools and crossings. The water surface profile is controlled by the
crossing cross-sections, 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 8.25 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:

il 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 8.26.
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Figure 8.26 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 Qut 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 8.27 shows the seasonal shift for

the Mississippi River at St. Louis.

{tteasured Discharge)/(Rated Discharge)

ocT NOV DEC JAN FEB HMAR APR HAY Jun JuL AUG SEP

Figure 8.27 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 8.28. 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 8.28 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 8.29 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). This continues until later in the event, when the river elevation is
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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 8.29 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). 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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Sfeps To Follow in The Calibration Process

The following is a general list of steps to follow when calibrating an unsteady
flow model:

I. Run a range of discharges in the Steady-Flow mode, 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 goes from low flow to high flow, and back to low flow.

3. Adjust storage 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.

F 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).

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.

2. Peak discharge will decrease (attenuate) as the flood wave moves
downstream.
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3. The travel tune will increase.

4. 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 8.30.
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Figure 8.30 Example of Wider Loop for Higher Manning’s n

Impacts of Increasing Storage. When storage within the floodplain is
increased, the following impacts will occur:

Iy 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.
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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.

Do not force a calibration to fit with unrealistic Manning’s n values or
storage.

If using a single-valued rating curve at the downstream boundary,
move it far enough downstream so it doesn’t effect the results in the
study reach.

Discrepancies may arise from a lack of quality cross-section data.

The volume of off-channel storage areas is often underestimated,
which results in a flood wave that travels to fast.

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.

Calibration should be based on floods that encompass a wide range of
flows, low to high.

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.

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, subcritical flow only for unsteady flow).

2. Accuracy of the geometric Data (cross sections, Manning’s n values,
bridges, culverts, etc...).

ER 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 can not continue. This is a common
problem when working with an unsteady flow model of any size or
complexity. The following factors will atfect the stability and numerical
accuracy of the model:

1. Cross section spacing.
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2. Computation time step.

LY Theta weighting factor for numerical solution.
4. Solution iterations.

J. Solution tolerances.

6. Weir and spillway stability factors.

[ Weir and spillway submergence factors.

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
slopes may only require cross sections on the order of 1000 ft or more.
However, most streams lie some where in between these two spacing
distances.

The general question about cross section spacing is “How do you know if you
have enough cross sections.” The easiest way to tell is to add additional cross
sections (this can be done through the HEC-RAS cross section interpolation
option) and save the geometry as a new file. Then make a new plan and
execute the model, compare the two plans (with and without interpolated
cross sections). If there are no significant differences between the results
(profiles and hydrographs), then the original model without the additional
cross sections is ok. If there are some significant differences, then additional
cross sections should be gathered in the area where the differences occur. If it
is not possible to get surveyed cross sections, or even cross sections from a
GIS, then use the HEC-RAS interpolated cross sections. However, at least
check the reasonableness of the interpolated cross sections with a topographic
map. Edit any cross sections that do not look reasonable.
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Computational Time Step. Stability and accuracy can be achieved by
selecting a time step that satisfies the Courant Condition:

At
€. =K, ~—%18
Ax
Therefore:
Ax
At < —
v,
Where: V,, = Flood wave speed, which is normally greater than the
average velocity.
A% = Average velocity of the flow.
Ax = Distance between cross sections.
At = Computational time step.

For most rivers the flood wave speed can be calculated as:

v, =22
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

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
1s:
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Ao

20

Where: T; = 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 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. Theta of 0.6 provides the most
accuracy. 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.

Solution 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.

Solution Tolerances. Two solution tolerances can be set or changed by the
user: water surface calculation (0.02 default) and Storage area elevation (0.10
default). The default values should be good for most river systems. Only
change them if you are sure! Making the tolerances larger can reduce the
stability of the solution. Making them smaller can cause the program to go to
the maximum number of iterations every time.
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Weir and Spillway Stability Factors. Weirs and Spillways 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 Weir and spillway stability factors, which can
smooth these oscillations by damping the computed flows. However, using
these stability factors can reduce the accuracy of the computed values.

The weir and spillway 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 flows (which will
provide for greater stability), but less accuracy.

Weir and Spillway Submergence Factors. When you have a weir or
spillway connecting two storage areas, or a storage area and a reach,
oscillations can occur when the weir or 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 1s 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 recetving
side of the weir, so the next time step it sends flow i the other direction.
This type of oscillation is ok if it 1s 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 8.3 1.
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Figure 8.31 Weir/Spillway Submergence Factors

Common Stability Problems. The following is a list of some of the most
common reasons for instabilities occurring in an unsteady flow model like
HEC-RAS:

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 will go unstable. The solution to this
problem is to decrease the computational time step.

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 situations where the flow area, depth, and/or velocity are changing rapidly,
it is necessary to add additional cross sections to keep the solution stable.

Model goes to critical depth: The default solution methodology for unsteady
flow routing within HEC-RAS is generally for subcritcal flow. However, the
software does have an option to run in a mixed flow regime mode. 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
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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. Obviously, this is
creating a solution that may be higher than the true solution, but it may be
necessary in order to allow the program 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.

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 boundaries where the user has
entered to steep of a slope.

Bad cross section 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 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
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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.

Bad Bridge/Culvert Family of rating curves. 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.

Wide 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 flow going over the weir. 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 tum causes the solution to oscillate and
possibly 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. If this is not sufficient, there is also the option to
use weir/spillway stability factors, as described previously in the chapter.

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 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.
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Very shallow depths of water: When starting a simulation it is very common
to start the system at low flows. 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.

Detecting 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:

l. 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 (this is not always a stability problem).

3. There are oscillations in the computed stage and flow hydrographs, or
the water surface profiles.

If you detect a possible stability problem, in order to find the location of the
problem you will need to turn on the detailed log output for debugging.
Detailed log output is turned on by selecting Options and then Qutput
Options from the Unsteady Flow Simulation manager. When this option is
selected the following window will appear:
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Festart File
[~ whitz Initial Condition file.
Filz: |Leveebreach pll i3t '
* Haours from begining of simulation l
" Fized Reference:  Date: [ Time:

Detaled Log Output

¥ Echo Input Hydicgraphs to Detailed Log Output File.
v Echo Computed Hudrographs to Detaled Log Output File,
¥ wiite Detalied Log Output for Debuging

Tirne window iz optional

Starting Date: [2A10/1933 Starting Time: h ([}

Ending Date: |2/1141333 Ending Time: {1600

Figure 8.32 Detailed Log Output Control

As shown in Figure 8.32, the section at the bottom half of this editor is used
for controlling the detailed log output. 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 1s 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 is used to control the detailed output of
results from the unsteady flow simulation. Selecting this options 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.

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).
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The detailed log output file will contain the following output:

RDSS Output: Shows all of the hydrograph data that will be used as input to
the model, including data read from HEC-DSS.

UNET Output: Detailed unsteady flow calculations including:

- Job control parameters
- Initial conditions calculations
- 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 8.33

below.

& LeveeBreach.bro - Notepad i el R 0 =10} x|
Eilz Edit Farmat Help

Initial conditions from Backwater IJ
RIVER MAME REACH MAME RIVER STATIOM FLOMW WIEL CRIT DEPTH EG SLOPE ARER
Beaver Creek Kentwood | 5.0 3000. 00 200, 30 207,02 0,0012071 2178.84
Beaver Cragk Kentwood 5.016 3000. 00 205,40 207.13  0,0011585 2036.65
gpeaver Creek Kentwood 5,032 3000.00 205,49 207.2 0. 0011494 1650, 81
Beaver Creek kentwood 5.1048 3000. 00 208,58 207.30 0.0011500 19135.43
Beaver Creek Kentwood 5,085 3000, 00 209,67 207.36 0.0011672 1874.69
Beaver Craek Kentwood 5.081 3000.00 209,75 207.40  0.0012010 1834.44
Beaver Creesk Kentwood 5.0G7 3000.00 209, 82 207.41 0.0013485 1788,56%
Beaver Cresk Eentwood 5.113 3000.00 209,92 207.4% 0.0013873 1773.18
Beaver Craek kentwood 5ed3 3000, 00 210,03 207.46  0,00140% 1757.82
Beaver Cresk Kentwood 5.146 3000, 00 210.17 207.90 0.0014358 1769.25
Beaver Cresk Kentwood 5.162 3000.00 210.31 208.27 0.0014840 1781.54
Beaver Creek Kentwood 5.178 3000, 00 210.45 208.61 0.001508L 1801.07
Beaver Creek Kentwood 5.194 3000, 00 210. 60 208,86 0.0015066 1824 .42
Beaver Cresk Kentwood §5.2% 3000. 00 210.75 209,17 0.0014833 1847.64
Baaver Creaek Kentwood 5.226 3000.00 210.89 209,50 0.0014471 1869.46
Beaver Cresk Kentwood 5.242 3000.00 211.02 202.68 0,0013911 1887.72
Beaver Creek Kentwood 5.258 3000. 00 211.15 209.74 0.0013163 1900. 66
Beaver Creek Kentwood 5.274 3000, 00 211.26 209.76 0.0012231 1905,.77
Beaver Creek Kentwood 5.29 3000.00 211.37 209.67 0.0010797 1900.07
Beaver Craek Kentwood 5.31 3000. 00 211.36 210.30 0.0021558 1609, 68
Beaver Creaek Kentwood 3533 3000, 00 211.38 210.22 0.0025166 1330.87
Beaver Cresk Kentwood 5.3% 3000.00 211.48 209.15 0.0018303 1197, 09
geaver Creek Kantwood 5:37 3000.00 211. 60 208.10 0.0011982 1217.80
Baaver Creesk Kentwood 5.36 3000, 00 211.70 207.21 0.00076456 1353.02
Beaver Creek Kentwood 5.41 3000.00 231.77 207.22 0.0007778 1049,.97
Bzaver Creek Kentwood 5.425 3000, 00 211.7 208.41 0.0012525 898,97
Beaver Creek Kentwood 5.44 3000. 00 211.82 208.15 0.0015249 = 1= 1=
Beaver Creek Kentwood 5.457 3000, 00 211.96 2059.44 0.0018008 1016.67
Beaver Creek Kentwood 5.474 3000. 00 212.11 209.77 0.0018442 1069.73
Beaver Creek Kentwood 5.491 3000. 00 212.29 210.14 0©.0017970 1161. 52
Beaver Cresk Kentwood 5.508 3000.00 212.46 210.99 0.0016390 1267.34
Beaver Cresk Kentwood 5.525 3000, 00 212.61 211.22 0.0015485 1365.06
Beaver Cresk Kentwood 5.542 3000.00 212.76 211.29 0.0015495 1478. 80
Beaver Crask Kentwood 5.55%9 3000. 00 212.90 211.2 0.0014375 1598.43 o
< | _'_!"I

Figure 8.33 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 8.34
below.

& beaver.bco - Notepad =10 xj
Ble Edt Fomat Hep
al
COMPUTED STAGES AND DISCHARGES AT T = 0.1167 HOURS - 2/10/1922 AT 0007 HOURS j
Beaver Cresk Kentwood
riv. station Q v riv. station 2z Q v Riv. station Z Q v
5.99 2! 599, 1.09 5.97 212.94 588. 1.22 §5.951 212.83 579. L. 3F
5.93 571. 1.56 5.913 212,56 5n4. 1.79 5.894 212.38 558 2.04
5.875 552. 2.34 5.855 211.98 547. 2.65 5.8358 211.74 543. 2.91
5.81 540, 2.90 5.798 211.36 5358 2.45 S5.779 211,24 332, 1.76
5.76 528. 1.18 5.741 211.07 523. 1.64 N2 210.91 521 2.05
5.703 519. 2.31 5.685 210.61 S1LZ. 2.30 5.666 210.438 515, 2.19
5.647 515. 1.92 5.628 210,27 514, 1.452 5.61 210.2 513, Ll
5.593 512. 152 5.576 210.03 S1E. 1.50 5.559 209,93 511. 2.06
5.542 510. 2.23 5.525 209,78 51¢0. 2.24 5.508 209.72 510. 2.14
5.491 514, 1.94 5.474 209,64 510. 1.78 5.457 209,61 510. 1.60
5.44 510 1.47 5.425 209, 58 509 i 91 0 A 5.41 209,57 509, 0.38
5.39 509 0.88 5.37 209.52 5009, 1.11 5.35 209,48 509. 1.4%6
5.33 510. 1.67 .31 209,28 510, 1.67 5.29 209,15 510, 1.47
5.274 510 1.66 ) 208,68 1 ba 98 1..95 5.242 208,29 511. 2.535
5.226 5407 3.05 g 207.48 i 1 3.29 5.194 2207.15 L 218
5.178 513. 2.08 5.162 206,83 513, 2,19 5.146 206,75 514. L. 75
513 514. 1.45 5213 206,65 515. 1.50 5. 007 206,59 S15. 1.38
5.081 516. 1.60 5,065 206,44 517. 1:63 5.048 206,39 517. 1.65
5.032 518&. 1.65 5,016 2005, 2 519. 1.66 5.0 206.13 519, 1.64
solving for T = 0.133
Iter River 3tation Elev (1)d River Station Q la)
0 Beaver creek 5.99 213.07 0.03530 Beaver cresk 5.99 613 14
1 Beaver Creek 5.0 206.13 -0.00050 Beaver Creek 5.93 554 1 i5
4] | o
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Figure 8.34 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 8.35. 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 8.35, 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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& LeveeBreach.bco - Notepad e : =10l x|
File Edit Format Help
- =
Soiving tor T = £.250
Iter River station Storage Zsa 0Zza Fivar sratio
0 Beaver Creek 5.0 STo #1 205,00  0Q.00000 Beaver Cresk SRR e
1 Beaver Creek 5.0 STo #1 205,00  0.00000 Beaver Cresk 5.0
2 Beavear Creek 5.0 5To #1 205,00 0. 00000 Beaver Cresk 5.0
3 Beaver Craesk 5.0 STo #1 205,00 0.00000 Beaver EELS 5.0
4 Beaver Creek 5.0 2 STo #1 ( 0. 00000 Beaver Creask 5.0
5 Beaver Creek 5.0 2 . 9F STo #1 J0000 geaver Creek 5.0
6 Beaver Creek 5.0 207, -1.03982 =5To #1 0. 00000 Beaver Craek i
7 Beaver Creek 5.016 211.95 2.44811 s5To #1 0. 00000 Beaver Creek 5.0
3 Beaver cCresk 5.032 216,98 7.38552 =To #1 0. 00000 Beaver Cresk 5.0
9 Beaver cCresk 5.0 03, -1.34783 sTo #1 205. 0. 00000 Beaver Cresk 5.0
10 Beaver Creek 5.162 3, 7.18687 STo #1 205,00  0.00000 Beaver Crask 5.0
11 Beaver Creek 5.0 G -0, 83205 : 205,00 0. 00000 peaver Creek S50
12 Eeaver Creek 5.0 = -0.26222 205.00  0.00000 Beaver Cresk 5.0
1% Beaver Craek 5.0 -0.07942 205.00 0.00000 Beaver cCreek S
14 peaver Craesk 5.016 15.4240% 205,00 0, 00000 Beaver Cresk 5.0
15 Beaver Creek 5.0 -0. 3B458 205,00 0, 00000 Beaver Craek 5.0
16 Beavar Cresk 5.0 95, ¢ -0.79409 205,00 0, 00000 Beaver 2ek 5.0
17 Beaver Cresk sl 195,36 -0.66080 205,00 0. 00000 B2aver 5.0
18 Beavar Cresk 5.085 210,10 3.19042 205,00  0.00000 Baaver 5.0
19 geavear Creek 5. 081 210.03 1.40783 205, 00 0. 000 Beaver 5.0
20 Beawer Creek 5.4 193,35 -0.92478 205.00  0.00000 Beaver 5.0

UWARMING, WUSED COMPUTED CHAMGES IM FLOW AND STAGE AT MIMIMUM ERROR, MIMIMUM ERROR OCCURED DURING ITERATION

Lateral weirs

RIVER STATION OTOTAL OWEIR QGATE SUBMERGEMCE Q PER CROSS SECTION
Beaver Creck d Q.00 0.00 0. 00 0.000 0.00 Q.00 0.00
Hydrographs written at 3.25hours,
oprimal time stap for the rext 15 minutes is 15.00 minutes; MNSTEPS =
|
| THETA=1.000
COMPUTED STAZES AMD DISCHARGES AT T = 3.2500 HOURS - 2,/10/1900 AT 0315 HOURS
Beaver Creak Keantwood <
o | o5

Figure 8.35 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 = Iteration Number

River = The name of the river in which the largest stage error is occurring.
Station = River station with the largest error in the calculated stage.

ELEV = Computed water surface elevation at that river station

DZ  =The “Numerical Error” in the computed stage at that location
Storage= Name of the storage area.

Zsa = Computed elevation of the storage area

Dzsa = The “Numerical Error” in the computed storage area elevation.

River = The name of the river in which the largest flow error is occurring.
Station = River station with the largest error in the calculation of flow

Q = Computed flow
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
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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 will require lots of experience to become proficient at it.
Good luck, and don’t get to discouraged!!!

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 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
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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. [f 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.

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.
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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, profiles, rating curves, hydrographs, X-Y-Z perspective plots,
detailed tabular output at a single locations, and limited tabular output at
many cross sections. Users also have the ability to develop their own output
tables.

Contents

= Cross Sections, Profiles, and Rating Curves

= Stage and Flow Hydrographs

= X-Y-Z Perspective Plots

= Tabular Output

= Viewing Results From The River System Schematic
= Viewing Ice Information

= Viewing Data Contained in an HEC-DSS File

= Exporting Results to HEC-DSS

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, 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 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.
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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 9.3 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 Out. This option doubles the size of the currently zoomed in graphic.

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.

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.
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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, reach labels, and left and right main channel bank
stations, ice cover, left and right levees, pilot channels, sediment elevations,
and 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 at the top of the plot.
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, 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, 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 Pict
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
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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
comner of the plot that the zoom window will be placed, and the size of the
window.

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. Two types of land marks can be displayed, cross
section river stations or cross section descriptions. In addition to these two
variables, once one of the two are displayed, the user can select to edit the
land mark labels.

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.
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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 9.6 Velocity Distribution Plot
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Plotting Other Variables in Profile

To plot variables other than the water surface in profile, select General
Profile 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 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. An
example of plotting other variables in profile is shown in Figure 9.7.
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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).
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To plot other variables, the user selects the X Axis Variable and Y Axis
Variable 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 used depends on what you currently have set as
the default printer or plotter in the Windows Print Manager. To send a
graphic to the printer or plotter, do the following:

1. Display the graphic of interest (cross section, profile, rating curve, X-
Y-Z, or river system schematic) onto the screen.

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

3. Select Print Current (or just Print on the profile plot) from the File
menu of the displayed graphic. When this option is selected, a pop up
window will appear allowing you to modify the default print options.
Change any desired options and press the Print button. The graphic will
be sent to the Windows Print Manager. The print manager will then send
the plot to the default printer or plotter.
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Note: The user can print multiple cross-sections at one time by using the
Print Multiple option from the File Menu of the cross section and rating
curve plots. This option also allows the user to establish how many cross
sections or rating curves they would like to have printed on each page.

Sending Graphics to the Windows Clipboard

All of the HEC-RAS graphics can be sent to the Windows Clipboard.
Passing a graphic to the clipboard allows that graphic to then be pasted into
another piece of software (i.e., a word processor or another graphics
program). To pass a graphic to the windows clipboard, and then to another
program, do the following:

1. Display the graphic of interest on the screen.

A Using the options menu, modify the plot to be exactly what you want.

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

4. Bring up the program that you want to paste the graphic into. Select

Paste from the Edit menu of the receiving program. Once the
graphic is pasted in, it can be re-sized to the desired dimensions.

HEC-RAS sends and displays all graphics in a Window's Meta file format.
Since Meta files are vector based graphics, the graphic can be resized without
causing the image to distort.

Stage and Flow Hydrographs

9-10

If the user has performed an unsteady flow analysis, then stage and flow
hydrographs will be available for viewing. To view a stage and/or flow
hydrograph, the user selects Stage and Flow Hydrographs from the View
menu of the main HEC-RAS window. When this option is selected a plot
will appear as shown in Figure 9.9. The user has the option to plot just the
stage hydrograph, just the flow hydrograph, or both as shown in the figure.
Additionally, there are three tabs on the plot. The tabs are for plotting (Plot),
viewing the data in tabular form(Table), and plotting a rating curve of the
event (Rating Curve). By default the window comes up in a plotting mode.

The stage and flow hydrograph plot also has a menu option to select the
specific node types to be viewed. By default the plot comes up with a node
type of cross section selected. This allows the user to view hydrographs at
cross sections only. Other available node types include: Bridges/Culverts;
Inline Structures; Lateral Structures; Storage Areas; Storage Area
Connections; and Pump Stations.
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There are several options available for viewing this graphic. These options
are the same as described previously for the cross section, profile, and rating

curve plots. Additionally, this graphic can be sent to
or the printer, as described under the previous plots.

the windows clipboard,

Additional output for the hydrograph plot includes statistics about the
hydrographs (peak, time to peak, and volume). Also, the user can
simultaneously plot observed hydrograph data at locations where they have
gaged information stored in a DSS file. The user attaches gaged hydrograph

mformation to cross section locations from the Unste
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Figure 9.9 Stage and Flow Hydrograph Plot

X-Y-Z Perspective Plots

Another type of graphic available to the user is the X

-Y-Z Perspective Plot.

The X-Y-Z plot is a 3-dimensional plot of multiple cross sections within a

reach. An example X-Y-Z Perspective plot is shown

in Figure 9.10.
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Figure 9.9 Example X-Y-Z Perspective Plot

The user has the ability to select which reaches to be plotted, the range of the
river stations, and which plans and profiles to be displayed. The plot can be
rotated left and right, as well as up and down, in order to get different
perspectives of the river system. Zoom in and zoom out features are
available, as well as the ability to move around with scroll bars. The user can
choose to overlay the water surface or not. The user has the ability to overlay
a grid on the plot, as well as a legend and labels at the top. The graphic can
be sent to the printer/plotter or the clipboard just like any other plot. Sending
the graphic to the printer or clipboard is accomplished by selecting the Print
or Clipboard options from the File menu. The user also has the option to
reverse the order in which the water surface profiles are displayed. This
option allows the user to display the higher water surfaces first, such that the
lower profiles are not covered up.
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Tabular Output

Summary tables of the detailed water surface profile computations are often
necessary to analyze and document simulation results. Tabular output allows
the user to display large amounts of detailed information in a concise format.
HEC-RAS has two basic types of tabular output, detailed output tables and
profile summary tables.

Detailed Output Tables

Detailed output tables show hydraulic information at a single location, for a
single profile. To display a detailed output table on the screen, select
Detailed Output Table from the View menu of the main HEC-RAS window.
An example detailed output table is shown in Figure 9.10.
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Frotn Loss [ft] 054 | Cumaolurme [acre-ft) 217.33 42.91 1042
C&E Loss(it) 0.04 | Cum SA [acres) 79.70 B.44 7.93
L& Sgie T g Fe L e o LA TR \uk =7 B

Shear strags in left overbank.

Figure 9.10 Example Cross Section Detailed Output Table

By default, this table comes up displaying detailed output for cross sections.
Any cross section can be displayed in the table by selecting the appropriate
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river, reach and river station from the list boxes at the top of the table. Also,
any of the computed profiles can be displayed by selecting the desired profile
from the profile list box. Additionally, different plans can be viewed by
selecting a plan from the plan list box.

Users can also view detailed hydraulic information for other types of nodes.
Other table types are selected from the Type menu on the detailed output
table window. The following types are available in addition to the normal
cross section table (which is the default):

Culvert. The culvert table type brings up detailed culvert information. This
table can be selected for normal culverts, or for culverts that are part of a
multiple opening river crossing. An example culvert specific table is shown
in Figure 9.12.

E= Culvert Dutput e =15 x|
File Tvpe Options Help
River |Spiing Creek | Profile: |50 yr > | [Culv Group: Culvert#1  ~|

Reach: ]Cultheach _'_I RS: ]2[1237‘ >, ﬂﬂ Flan: [BasePlan _1]

Plan: Base Plan Spiing Creek  Culvit Reach RS: 20.237 Culy Group: Culvert #1  Profile: 58 yr

Culv O [cfs) 97224 | Culv Full Len [f) 50,00
# Barrels 1 Cule Vel US [ftis] £.93
0 Bairel [ofs) 472,24 | Culv Vel DS [ft/s) .93
EG IUS (i) 3410 | Culv Inv ElUp [ft) 25.10
W5 US (i) 34.03 | Culv lnvEIDn (f) 25.00
E.G. DS (f) 3306 | Culy Fretn Ls (/) 0.08
WS D5 (ft] 3290 | Cuby Esit Loss [ft] 054
Delta EG () 1.03 | Culv Entr Loss [ft] 038
Delta ws (i) 1.13 | O e |cfs] 27 7R
EG ICIf 3085 | Wenr StaLft i) 959,77
E.G OCIit) 3410 | weir StaRat (/) 104061
Culvert Control Dutlet | Weir Submerg 0.0o0
Culy "/5 Inlet [f] 31.10 | Wer Max Depth [ft]) 040
Culy "5 DOutlet (] 31.00 | Wew Avg Depth (1] 0.25
Culy Nml Depth [ft} ‘W Flw &rea [sq ft] 20.40
Culy Crt Depth [ft) 3.32 | Min El'Wen Flow [it) 3371

During the culvert inlet computations. the program could not balance the culvert/weir fow.

The reported inlet energy grade answer may not be valid

£

Flenes aver the weir.

Figure 9.12 Example Culvert Type of Cross Section Table

Bridge. The bridge table type brings up detailed output for the cross sections
inside the bridge as well as just upstream of the bridge. The bridge table type
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can be selected for normal bridge crossings, or for bridges that are part of a
multiple opening river crossing. An example of the bridge specific cross
section table is shown in Figure 9.13.

E: Bridge Output e _ =100
File Type Options Help
River ]Buﬂe Creek ﬂ Profile: IE!U}’( LI Opening |Smg|e BR 'I
Reach |Tnbut_a:y _:] Riv Sta: |0.22 i I @E
E.G.US. (f) 8283 | Element Inside BRUS | Inside BRDS
Ww.S. US. [ft) 8276 | EG_Elev[H] 89283 3287
0 Tatal [cfs] 500,00 | WS Elev (i) 8276 8258
0 Bndge [cfs] 33754 | Ctw.5. [H) 7673 76.73
0 Weir [cts) 162,46 | Max Chi Dpth [it] 1276 1258
‘wheir Sta Lit[ft] 218.89 | Vel Total [ft/s) 412 465
wheir Sta Rat [ft) 298,64 | Flow Area [sqft) 121.28 107 45
Wer Submerg 027 | Froude # Chi o0s 009
"Weir Max Depth (it 083 | Specif Force [cuft] R77.68 L
ir e EL[f) S2.01 | Hydr Depth [ft) 165 1.42
Mir El Frs () 700 | WP Total (it] 130.85 1283
Delta EG (ft) 0.47 | Conv. Total [cfs)
Dielta w5 (i) 0.51 | Top'Width [f] 78.0 75.54
BR Dpenbres (sq i) ER.EE | Frotn Loss ()
ER Dpen el [ités] F14 | C&E Loss i)
Coef of ) Shear Total (lb/sq i)
Br Sel Method Pressweir | Power Total (bt )
Mute Yarmell anzwer 12 not wald if the water surface is above the low chard ar if there iz weir flow :I
The Yamell answer has been dizregarded.
Mote Momentum answer i not valid if the water surface iz above the low chord or if there is weir
flowe. The momentum answer has been disreqarded.
Fioke: The downstrear water surface is above the minirmura elevation for pressure low. The
nnfice eanatinnes were tsed fne rressia How _:.l
Energy grade elevation at bndge or culvert (final answer)

Figure 9.13 Example Bridge Type of Cross Section Table

Multiple Opening. The multiple opening type of table is a combination of
the cross section table and the bridge and culvert tables. That is, if the user
has defined multiple opening (bridges, culverts, and conveyance areas), then
this table can be used to view the hydraulic results for each specific opening.

Inline Structure. The Inline Structure type of table can be used to view
detailed output for any inline weirs and/or gated spillways that have been
entered by the user.

Lateral Structure. The Lateral Structure type of table can be used for
viewing detailed output from a lateral weir, gated spillway, culvert, and rating
curves.
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Storage Area. This table provides output about an individual storage area.
Information includes water surface elevation, total inflow, total outflow, and
net inflow.

Storage Area Connection. This table provides detailed information about
storage area connections. Storage area connections can consist of weirs,
gated spillways, and culverts.

Pump Stations. This table provides detailed information about pump
stations. Pump station output includes to and from water surface elevations,
total flow, flow through each pump group, flow through each pump, head
difference, and efficiency.

Flow Distribution In Cross Sections. The Flow Distribution table type can
be used to view the computed flow distribution output at any cross section
where this type of output was requested. An example of the flow distribution
table output is shown in Figure 9.14.

EE Flow Distribution Output TR =10 x|
File Twpe Options Help

River |Crtical Cr | Profile [1un T =]

Reach [UppetHear;h __J Five 5ta; (12 i[gllj’]

Plan: Madified Gea  Critical Cr. " Upper Reach RS: 12 Profile: 100 pi .
Left Sta Right Sta Fliy brea WP % Cony. | Hydr D “elocity -

() (1 (cfs) (sq ] [f] i [s)
000 7200 23a9n. 15001 5217 332 240 199
7200 14400] 91227 33248 7208 1014 463 274
14400] _ 21600] @0458 20320 7205 234 429 260
21600 28800 32678 18100 7297 363 251 181
28600 000] sesE9 &R0 7304 B51 357 28
36000 43200 7S50 29773 7208 840 414 254
43200( 50400 60351 26015 7201 671 361 232
50400[ 57600 49887 23205 7200 554 322 215
57600 64800 55722 24733 7201 619 344 225
64800 72000 40478 20482  F210 450 284 138
LB72000] 72450 4634 1243 567 051 276 373
72450 72900 17978 2847 589 200 £.33 £.31
72300 73350 40352 44007 522 443 a79 316 |

Flows in subsection defined by left and right stations

Figure 9.14 Example of the Flow Distribution Type of Table
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At the bottom of each of the detailed output tables are two text boxes for
displaying messages. The bottom text box is used to display the definition of
the variables listed in the table. When the user presses the left mouse button
over any data field, the description for that field is displayed in the bottom
text box. The other text box is used to display any Errors, Warnings, and
Notes that may have occurred during the computations for the displayed cross
section.

Detailed Output Table Options

Plans. This option allows the user to select which plan, and therefore output
file, they would like to view. This option is available from a list box at the
upper right hand side of the window.

Under the Options menu of the cross section table window, the user has the
following options:

Include Interpolated XS’s. This option allows the user to either view
interpolated cross-section output or not. Turning the "include interpolated
XS’s" option on (which is the default), allows interpolated sections to be
selected from the river station box. Turning this option off gets rid of all the
interpolated sections from the river station selection box, and only the user
entered cross-sections are displayed.

Include Errors, Warnings, and Notes in Printout. This option allows the
user to have the errors, warnings, and notes information printed below the
table, when the option to print the table is selected.

Units System For Viewing. This option allows the user to view the output in
either English or Metric units. It does not matter whether the input data is in
English or Metric, the output can be viewed in either system.

Profile Summary Tables

Profile summary tables are used to show a limited number of hydraulic
variables for several cross sections. To display a profile summary table on
the screen, select Profile Summary Table from the View menu of the main
HEC-RAS window. An example profile summary table is shown in Figure
9:15.
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£ profile Output Table - Standard Table @ =10} x|
File Options 5td. Tables Help
HEC-RAS Plarc Modified Geo River Critical Cr. Reach: Upper Reach  Profile: 100 Reload Data ]
Reach FiverSta| O Total |MinChEl|'W S Elev| Cit'w. 5. | E.G. Elev|E.G. Slope| Vel Chril | Flow Area| Top Width| Fioude 8 Chij «
(cts] i If) 1] i) A | sl | afl M
Uppet Reach 12 3000.00; 120360 131554 181446 181602 0004567 836 239381 915.30 057
Upper Reach| 118 900000 180302 1814528 181414 181544 0006443 1078 2403 45 817.51 069
Upper Reach| 116~ S000.00 180244 181240 181340 181467 0008386 1214 204365 764 50 0.80
Upper Reach| 11 4~ 300000 1800186 181243 181247 181382 0008533 1225 1854.08 £35.93 021
Upper Reach| 11.2° 500000 1801.28 1811.29 181146 181283 0.00962 1273 1701.14 B46.20 0.88
Upper Reach 11 9000.00 180070 131063 181042 1811.30 0.007043 11.20 1883 44 651.48 07
UpperReach| 1075 | S000.00 179313 180351 180951 181091 0.008530 1222 185470 693.37 ngz
Upper Reach| 105" S000.00 179755 180793 180834 180361 0012265 1383 136664 83045 0.95
Upper Reach| 1025 | 3900000 173597 180590 130641 180763 0019512 1853 173503 857.69 1.16 Li
Total flow in cross section
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Figure 9.15 Example Profile Table

There are several standard table (Std. Tables) types available to the user.
Some of the tables are designed to provide specific information at hydraulic
structures (e.g., bridges and culverts), while others provide generic
information at all cross sections. The standard table types available to the
user are:

Standard Table 1. The is the default profile type of table. This table gives
vou a summary of some of the key output variables.

Standard Table 2. This is the second of the standard summary tables. This
table provides information on the distribution of flow between the left
overbank, main channel, and right overbank. This table also shows the
friction losses, as well as contraction and expansion losses that occurred
between each section. Energy losses displayed at a particular cross section
are for the losses that occurred between that section and the next section
downstream.

Four XS Culvert. This standard table provides summary results for the four
cross sections around each of the culverts in the model. The four cross
sections are the two immediately downstream and the two immediately
upstream of the culvert. This table will list all of the culverts in the model for
the selected reaches.

Culvert Only. This standard table provides hydraulic information about the
culvert, as well as the inlet control and outlet control computations that were
performed.

Six XS Bridge. This table provides summary results for the six cross

sections that make up the transition of flow around a bridge. The six cross
sections include the two cross sections just downstream of the bridge; the two
cross sections inside of the bridge; and the two cross sections just upstream of
the bridge. The program will display results for all the bridges in the model
within the selected reaches. When viewing this table, on occasion there will
be no displayed results for the cross sections inside of the bridge. This occurs
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only when the user has selected a bridge modeling approach that does not
compute results inside of the bridge. This includes: Yarnell’s method; both
pressure flow equations; and pressure and weir flow solutions.

Bridge Only. The bridge only table shows summary information specifically
for bridges.

Bridge Comparison. The bridge comparison table shows the results for all
of the user selected bridge modeling approaches that were computed during
the computations. For example, the program can calculate low flow bridge
hydraulics by four different methods. The resulting upstream energy for the
user selected methods will be displayed in this table.

Multiple Opening. This table shows a limited number of output variables for
each opening of a multiple opening river crossing.

Four XS Inline Structure. This table displays summary results of the four
cross sections immediately around an inline weir and/or gated spillway. The
four cross sections are the two immediately upstream and the two
immediately downstream of the inline weir and/or gated spillway.

Inline Structure Only. This table shows the final computed water surface
and energy just upstream of each of the inline weir and/or gated spillways. In
addition to these elevations, the table displays the total flow, the flow over the
weir, and the total flow through all of the gates.

Lateral Structure. This table shows a limited set of output variables for all
of the lateral weir/spillway structures within the selected reaches.

Encroachment 1, 2, and 3. These three standard tables provide various
types of output for the computations of floodway encroachments.

HEC-FDA. This table provides information that can be exported to the HEC
Flood Damage Analysis (FDA) program. The table displays total flow,
channel invert elevation, and water surface elevation.

HEC-5Q. This table provides information that can be exported to the HEC-
5Q (river and reservoir water quality analysis) program. The table displays
only the specific parameters required by the HEC-5Q program.

Ice Cover. This table shows summary output of ice information. This table
was designed for performing a study that includes ice cover.

Junctions. This summary table provides a limited set of output for all of the
cross sections that bound a junction. This table will show this output for all
of the junctions found in the model.

Storage Areas. This table shows a limited amount of output for all of the

storage areas in the model. Output includes: water surface elevation;
minimum storage area elevation: surface area; and volume.
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Pump Stations. This table shows a limited amount of output for any of the
pump stations contained within the model.

To view one of the types of tables, select the desired table type from the Std.
Tables menu on the profile summary table. In addition to the various types
of profile tables, the user can specify which plans, profiles and reaches to
include in the table. The plans, profiles and reaches options are available
from the Options menu on the profile plot.

The user also has the ability to turn the viewing of interpolated cross sections
on or off. The default is to view all cross-sections, including the interpolated
ones. To prevent the interpolated sections from showing up in the table, de-
select Include Interpolated XS's from the Options menu.

Another feature available to users is the ability to set the number of decimal
places that will be displayed for any variable of the pre-defined tables. Once
a pre-defined table is selected from the Tables menu, select Standard Table
# Dec Places from the Options menu. A window will appear displaying the
current number of decimal places for each variable. The user can change the
number of decimal places to what ever they wish.

User’s also have the ability to view profile output tables in either English or
metric units. This is available from the Options menu on the profile tables.
It does not matter whether the input data is in English or metric, the output
can be viewed in either system.

User Defined Output Tables

A special feature of the profile summary tables is the ability for users to
define their own output tables. User defined output tables are available by
selecting Define Table from the Options menu of the profile table. When
this option is selected, a window will appear, as shown in Figure 9.16. At the
top of the window is a table for the user selected variable headings (Table
Column Headings), the units, and the number of decimal places to be
displayed for each variable. Below this table is a table containing all of the
available variables that can be included in your user-defined table. The
variables are listed in alphabetical order. Below the list of variables is a
message box that is used to display the definition of the selected variable.

To get a definition of a particular variable, simply click the left mouse button
once while the mouse pointer is over the desired variable. The description of
the variable will show up at the bottom of the window. To add variabjes to
the column headings, simply double click the left mouse button while the
mouse pointer is over the desired variable. The variable will be placed in the
active field of the table column headings. To select a specific column to
place a variable in, click the left mouse button once while the mouse pointer
is over the desired table column field. To delete a variable from the table
headings, double click the left mouse button while the mouse pointer is over
the variable that you want to delete. The number of decimal places for each
variable can be changed by simply typing in a new value.
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User defined tables are limited to 15 variables. Once you have selected all of
the variables that you want, press the OK button at the bottom of the window.
The profile table will automatically be updated to display the new table.

Create a Table Heading

Select Variables 1 Additional Options |

Tahle Column Headinas

Colurnn 1 | 2 j 3 l 4 [ 5
Yanable [ Tatal Min Ch El W5 Elew Crit 'S, E.G. Elew
Units [izfz] (i) fft] (1] (1t}
Decimal Pts 2 2 2 2 2
g 2
Delete Column | Insert Coluran | Cleat &1l Table Headings |

' Available Variables

FPerc O Leavin Prof Delta W5 1 Banrel 0 Perc Chan 0 Wen

Protfile 0 Bridge 3 Perc L B. Freeboard
FPoveer LOB Fiz 0 EG 3 Channel 1 Perc R R. Levee Frbrd
Fower ROB Frs 0WS 0 DS O Right Faght Sta Eff
Fower Total Frafefr EG O Leaving Total 0 Total ROE Elewv
Frof Delta EG Frslwf WS 0 Left ous S48 frea

PEETRAZ i

Tatal stream power in main charnel

oK [ Cancel Help

Figure 9.16 User Defined Tables Window

Once you have the table displayed in the profile table window, you can save
the table headings for future use. To save a table heading, select Save Table
from the Options menu on the profile table window. When this option is
selected, a pop up window will appear, prompting you to enter a name for the
table. Once you enter the name, press the OK button at the bottom of the pop
up window. The table name will then be added to a list of tables included
under the User Tables menu on the profile table window. To delete a table
from the list of user defined tables, select Remove Table from the Options
menu of the profile table window. When this option is selected, a pop up
window will appear displaying a list of all the user-defined tables. Click the
left mouse button over the tables that you want to delete, then press the OK
button. The selected tables will then be deleted from the User Tables menu
list.

Sending Tables to the Printer
To send a table to the printer, do the following:
1. Bring up the desired table from the tabular output (cross section or

profile tables) section of the program.
9-21
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2. Select Print from the File menu of the displayed table. When this
option is selected, a pop up window will appear allowing you to
modify the default print options. Once you have set the printer with
the desired options, press the Print button. The table will be sent to
the Windows Print Manager. The Windows Print Manager will
control the printing of the table.

The profile summary type of tables, allow you to print a specific portion of
the table, rather than the entire table. If you desire to only print a portion of
the table, do the following:

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

2. 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.

3. Select Printer 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:

1: Display the desired table on the screen.
2. Select Copy to Clipboard from the File menu of the displayed table.
3. 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 tables can be sent to the Clipboard in the same manner
as sending them to the printer.

Viewing Results From the River System Schematic

g9-22

The user has the option of either bringing up graphics and tables from the
View menu on the main HEC-RAS window (as discussed above), or from the
river system schematic (found under geometric data). Once data have been
entered, and a successful simulation has been made, the user can interact with
the river system schematic. When the left mouse button 1s pressed over the
river system schematic. a pop up menu will appear listing options that are
relevant to the area of the schematic that is located under the mouse pointer.
An example of this is shown in Figure 9.17.
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In Figure 9.17, the pop up menu shown comes up whenever the user presses
the left mouse button over a cross section. In this particular example, the
mouse button was pressed over the cross section located at river station 10.0
of the Upper reach of Fall river. As shown in the menu, the user has the
choice of editing the cross section data; plotting the cross section; plotting the
profile for the reach containing this cross section; bringing up the XYZ plot
for that reach; viewing tabular output; plotting the computed rating curve at
this cross section; or viewing a picture of the location. Other pop up menus
are available for bridges; culverts; junctions; and reach data.

Geometric Data - base geo data 3 A i =10] x|
File Edit “ew Tables Tools Help

\‘\r.ms River &F?';ag& sa | Pump RS 55
1 | 4

Editars™ Rich -a C_o:"m St(a:tlFo‘n o ] _.:].:ﬂ <48
Junct S04 |

¢ > 1009 £

Brdg/Culs Upper Reack™,
A
) 9.95¢
Struciure Y ,../ “
w’ .1;' 949 /.c’.,::k.‘
\I J‘_-'

Lateral [
Sitructure I ?)E'f"

Edit Cross Section

-g,.vm.fgj.f.a,a Graphical Cross Section Editor ...
Smrfrzaage \ Plot Cross Section
=% Plot Profile ...
Storage N, Plobxvz...
frea Conn A,

=@ %,
- Tabular Cutput »

Pump Rating Curve ...
Station

{:?

'IP
Jul

Reverse x5 Stationing

HTah N
Param. \\‘ 335
|

Wiew

Picture a3
@ __i_J

0.4671,05314

Figure 9.17 Geometric Data Window With Pop up Menu
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Viewing Ice Information

River ice information can be viewed both in a graphical and tabular format.
Viewing Graphical Ice Information on the Screen

To view graphical ice information on the screen, select either Cross Sections,
Profiles, or X-Y-Z Perspective Plot from the View menu on the HEC-RAS

main window.

Cross Section Plot. Figure 9.18 is an example cross section plot displaying
ice. The ice cover is displayed by selecting Variables under the Options
menu, then selecting the Ice Cover option. The ice thicknesses in the right
overbank, main channel, and left overbank are displayed. The default color
and fill pattern can be changed by the user by selecting Lines and Symbols
under the Options menu. Note that multiple profiles and multiple plans can
be displayed on the same plot.

=101 %]

Cross Section

File  Options  Help

River: ] Thames River

+ ol
31

EION

=] RiverSta |32200

Feach: ill:e Jam Sechion

Thammes River Ice Jam - Example 14 Flan: Thames River [ce Jarm Analysis
Geom: Thames River lce Jam Data  Flow: Estimsted Thames River Flosw
RS = 32200
- 025 'Il
182 }L. Legend
1801 \'! EG PF#1
: I\ ¥ WS PFA1
o 178 . - — “Ground
A ] \q / *
= 1761 Ih Bank Sta
= 2 - & =0
o ] Yy lce Cover
L ] —_——
Y1741 .\. .;I'/ WS PF#
1721 \ -’/..
] ., rd
] ""—l—c——.___'__.,_l-—'_.
170 ————— 71— T — ——r— —
20 40 60 S0 100 120
Station (m)
N |
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Figure 9.18 Cross section Plot with ice

Profiles Plot. An example of a profile plot with ice is shown in Figure 9.19.
In this case, the WS-EG Profile was selected. As with the Cross Section plot,
the ice cover is displayed by selecting Variables under the Options menu,
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then selecting the Ice Cover option. The ice thicknesses in the right
overbank, main channel, and left overbank are displayed. The default color
and fill pattern can be changed by the user by selecting Lines and Symbols
under the Options menu. Note that multiple profiles and multiple plans can be
displayed on the same plot.

- -_Profile Plot : Al R AT - A (A =10 x|

File Options  Help

|Heaches ‘l’] | Frofiles TI LJ[E]

Tharmes River lca Jam - Example 14 Flan: Tharmes River lce Jam Analysis
Geom: Thames River lce Jam Data  Flowy: Estimated Thames River Flow
) le Thames River lce Jam Section ‘E

132 Legend

- S R o s R e e e 7l il

173 J _L~— WS PF¥1
— —
E Ground
c 176 st o
=2 WS PRI
= e
= 174 ce Co
o lce Caver
= a

172 - o F—au

T 8 - ¢
) f.\\‘___.__.’ e ~=. . / \,\ /__'——'—'_'_‘ ‘\""I
170 o
S
w’
165 et T T
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Figure 9.19 Profile plot with ice cover

Ice information can also be displayed in profile plots by selecting the
General Profile option and then selecting Variables under the Options
menu. This provides a number of ice variables, including ice volume in the
channel, left, and right overbanks; ice thickness in the channel, left, and right
overbanks; top of ice elevation in the channel, left, and right overbanks; and
bottom of ice elevations in the channel, left, and right overbanks. These plots
can all be viewed in different widow sizes and printed.

X-Y-Z Perspective Plot. As with the Cross Section plot, the ice cover is
displayed by selecting Variables under the Options menu, then selecting the
Ice Cover option. The ice thicknesses in the right overbank, main channel,
and left overbank are displayed. The default color and fill pattern can be
changed by the user by selecting Lines and Symbols under the Options
menu.
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Viewing Tabular Ice Information

Tabular information describing the results of the ice calculations can be
displayed by selecting Profile Summary Table under the View menu on the
HEC-RAS main window. Ice information is available directly by selecting the
Ice Cover option under the Std. Tables menu of the Profile Table window. The
Ice Cover option provides a table that includes the ice volume, ice thickness, and
composite Manning’s n value for the main channel, left overbank, and right
overbank. In addition, the Ice Cover Table mcludes the water surface elevation
and the cumulative ice volume starting from the downstream end of the channel.
An example table of ice information is shown in Figure 9.20. Tables of ice
information can also be created using the Detine Table option under the Options
menu of the Profile Table window.

7 Profile Dutput Table - Ice Cover & : o =101 %]
Std. Tahles  Lser Tables Locations Help
HEL-RAS Plan icelam Biver TRanies Fiver v loadam S . ; i |
River Sta ['W.S. Elev| lce Thick LOB| lce Thick Chan|lce Thick ROE| lce VYol Total| loe ol LOE | lce Vol Chan| i «

File

Cphions

Reach

[m] fm] [mn] {ml [rn3] [m3] [m3]
lce Jam Section| 42000 1E002 000 050 000 45641550 43541550
lce Jam Sechion| 41550 180,05 0.00 .50 000 436141.30 48E5141.30
lze Jam Section| 41190 179,94 RN 137 000 462451.70 4R2451.710
loe Jam Section| 40690 17381 .00 0.0 oo 442023490 44202390
lce Jam Section| 40180 173.75 0.0 0.75 000 41878660 418756 EN
lce Jam Sechion] 39150 179.6R 0,00 0.55 000 373945800 A785948.00
lce dam Sechon| 38560 17363 .00 R 000 26242410 3
Ice Jam Section| 37530 179.52 .00 000 32853250 A
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Figure 9.20 Ice Cover Table

Viewing Data Contained in an HEC-DSS File

The HEC-RAS software can write and read data to and from the HEC-DSS
(Data Storage System) database. The steady flow portion of HEC-RAS can
read flow data to be used as profile information, and c