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HEC-RAS, River Analysis System
Steady and Unsteady Flow
2-Day Course Outline

Presented by:

WEST Consultants, Inc.

Day 1

Event Time
Introductions and Administration 8:00 AM - 815 AM
Lecture: Overview of HEC-RAS and Basic Data
Requirements 8:15 AM - 9115 AM

| Break 9:15AM - 9:30 AM

‘ Workshop and Review: Developing a Hydraulic
Model 9:30 AM - 10:30 AM
Workshop and Review: Adding Tributaries and
Junctions 10:30AM - 11:30 AM
Lunch 11:30 AM - 12:30 PM
Lecture: Channel Geometry and Modeling
Techniques 12:30PM - 1:30 PM
Workshop and Review: Creating Plans 1:30 PM - 2:45PM
Break 2:45 PM - 3:.00 PM
Lecture: Optional Capabilities of HEC-RAS 3:00 PM - 4:.00 PM

2/25/2011




Day 2

Event Time

Lecture: Introduction to Unsteady Flow Modeling with

RAS 8:00AM - 9:00 AM
Break 9:00 AM - 9115 AM
Lecture: Detailed Output and Results for Unsteady

Flow Modeling 9:15 AM - 10:15 AM
Workshop and Review: Introduction to Unsteady

Flow Modeling 10:15AM - 11:15 AM
Lunch 11:15AM - 12:15 PM
Lecture: Additional Geometric Data for RAS

Unsteady Flow Models 12215PM - 1:15PM
Lecture: Boundary and Initial Conditions in the RAS

Unsteady Flow Data Editor 1:15 PM - 2:15PM
Break 2215PM - 2:30PM
Lecture: Model Stability, Accuracy, and Sensitivity 2:30 PM - 3:15PM
Workshop and Review: Trouble Shooting 3:15 PM - 4:00 PM

2/25/2011
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HEC-RAS, River
Analysis System
By WEST Consultants, Inc.
B o Working with HEC-RAS: An Overview

Note: Development of HEC-RAS 15 conducted at
the U.S. Army Corps of Engineers Hydrologic
Engineering Center in Dawis. California
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Introduction

® \Whatis HEC-RAS?
®  An integrated package of hydraulic analysis
programs
w Uses Graphical User Interface (GUI)

® What can HEC-RAS do?
= Steady flow water surface profiles
u Unsteady flow water surface profile
»  Hydrauiic design functions
» Bridge scour
» Uniform Fiow
» Stable channe! design
- » Sediment transport capacity
» Sediment Impact Assessment (SIAM)
Sediment analysis
Water quality (temperature) analysis

[

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 other
hydraulic design computations in the future.
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Introduction

@ \What is an HEC-RAS “Project™?

® A set of data files associated with a particular river system

® The User can perform various types of analyses within the
HEC-RAS system

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.
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Introduction

® A RAS project consists of:

Geometric data

Flow data (steady and/or unsteady)
Plan data

Hydraulic design data (optional)

® Different “Plans” can be formulated in a RAS project

& Plans represent specific sets of geometric data and flow data
® Results from multiple plans are easily compared

The data files for a project are categorized as follows: plan data, geometric data,
steady flow data, unsteady flow 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 HEC-RAS, the modeler can easily formulate new plans.

New plans are easily formulated once the basic data are entered.

After simulations are made for the various plans, the results can be compared
simultaneously in both tabular and graphical form.
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Starting HEC-RAS e

WkW wesitonsitants com

® A new program group and program icon is created when you install the RAS
program

EaT]

® Double-click on the RAS icon from your Desktop to start the program B3
£

%

When you run the HEC-RAS Setup program, you automatically get a new program
group and program icon for HEC-RAS in Windows.

To start HEC-RAS from Windows, double-click on the HEC-RAS lcon.

When you first start HEC-RAS, you will see the main window as shown below
(except you will not have any project files listed on your main window).
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HEC-RAS Menu Bar

® File: Used for file

Basic Overview (rev. 2/05) 7




HEC-RAS Menu Bar

consy LING.
WA WesiconsUtanis com

@ Run: Used to perform
hydraulic calculations

Dateded O

Profée Summsey Tz

Geommsty: Run Mlpls Plars .
i

Ssinary Ern, Mo, Bikes

& Edit: Used for entering and ® View: Provides for graphical
editing data tabular displays of the model
e . St
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Button Bar Aokt

Wi wesiconsuiams com

® On the HEC-RAS main window is a Button bar. The
Button bar provides quick access to the most
frequently used options under the HEC-RAS menu

bar.
R EEE D AR A ERE) EE Sk
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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

N -

Entering geometric data
Entering flow data
Performing the hydraulic calculations

wn BN w

Viewing and printing results

Basic Overview (rev. 2/05) 11
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Starting a New Project

consuLy
wvavesiconsLitanis.com

@ To start a new project: File ® New Project

Select the drive and path

Enter a project title, description, and file name (**.prj” )

Specify units: Options = Units System (US Customary/S.1.)

To start a new project, go to the File menu on the main HEC-RAS window and
select New Project, which brings up a New Project window.

You first select the drive and path that you want to work in (to actually select a path
you must double click the directory you want in t/ 2 directory box), then enter a
project title and file name.

The project filename must have the extension “.prj” - the user is not allowed to
change this.

After the OK button is pressed, a message box will appear with the title of the
project and the directory where the project will be placed.

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 is accomplished by selecting Unit System from the Options menu on the main
HEC-RAS window.
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Geometric Data Editor

® Enter the necessary geometric s ssmassasmpa e
data t .

. Reaches, junctions (River [ =5
System Schematic)

« Cross-section data

« Hydraulic structure data
(bridges, culverts, weirs,

etc.)

PHIEEI 2

@ Enter geometric data from the
Edit menu

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 the
Figure (except yours will be blank when you first bring this screen up for a new
project).

Basic Overview (rev. 2/05) 13




Entering Geometric Data

® River Reach tab to draw a reach

» Drawn upstream to downstream
« Enter River System and Reach

@ Junctions formed as reaches are
connected

= enter a identifier for each junction

® Cross-section and hydraulic structure
— data entered after reach defined

i L

- - - =

The geometric data is developed by pressing the River Reach button and drawing in
a reach from upstream to downstream (positive flow direction).

After the reach is drawn, the user is prompted to enter a “River System” and a
“Reach” identifier.

As reaches are connected together, junctions are automatically formed by the
interface. The modeler is also prompted to enter an identifier for each junction.

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 4.
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Cross-Section Data Editor

® Each cross section has a River
name. Reach name, River
Station, and a Description

s Defines where the cross De
section is located e

® River stationing must be 21

specified before cross-section e : o

data can be entered —e Bak 1

= Options » Add a New
Cross Section

Each cross section has a River name, Reach name, River Station, and a Description. These
identifiers are used to describe where the cross section is located in the river system and are input as
shown in Figure 4.

Basic Overview (rev. 2/05) 15
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Entering Cross-Section Data ..

WWWWESICONSUITAMS.C0

@ The "River Station” must be a numeric value

» Suggestion: corresponds to actual river station location
(e.g.. miles, kilometers)

@ Cross sections ordered from highest river station upstream to
the lowest river station downstream.

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.

Basic Overview (rev. 2/05) 16
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Cross-Section Data Editor ...

® Required data for each cross-
section:

m Station/Elevation data

®  Reach length -

® Manning’'s 'n values

®  Main channel bank L
stationing B, ; ST e SRS

8 Contraction and expansion L2
coefficients i

Each cross section has a River name, Reach name, River Station, and a Description. These
identifiers are used to describe where the cross section is located in the river system and are input as
shown in Figure 4.
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WEST

Cross-Section Data Options ...

~
WAWW WESICONSUTans com

® Additional cross section
features under Options

@ [Edit features are available to cut.
copy, paste, insert, and delete data

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
skewing cross section

ineffective flow areas; levees; blocked obstructions

adding a lid to a cross section

adding ice cover

adding rating curve

horizontal variation of n or k-values

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.

Basic Overview (rev. 2/05) 18



Entering Geometric Data ...

® Hydraulic structures - bridges, culverts, weirs, and spillways

= added after cross-sections

@ The Junction Data editor is

available from the Geometric

Data window. ® Select the “Save Geometric
T ‘ Data As” option to save data.

St S

ometric Data - Base G

f
l
E
i

Once the cross-section data are entered, the modeler can then add any hydraulic
structures such as bridges, cuiverts, 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.
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Steady Flow Data Editor ...

L INC
W wesicensutants.com

® Flow data should be entered
after the geometry has been
defined

@ The Steady Flow Data Editor is
available under the Edit menu
bar option on the HEC-RAS
main window.

ﬁ?“

B

® The button bar can also be used [ - ‘]

Once the geometric data are entered, the modeler can then enter any flow data that
are required. The data entry form for flow data is available under the Edit menu bar
option on the HEC-RAS main window.

An example of the flow data entry form is shown in Figure 5, which is the Steady
Flow Data editor.
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Entering Flow Data

® The Steady Flow Data consist of. @Emrrsremmaae a1
® the number of profiles to be £
computed

= the flow data.

m river system boundary
conditions.

® At least one flow must be entered |
for every reach within the system. |

w 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 caiculations.

The 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 withir 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.
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Entering Flow Data i,

WAW WESICONSLNaNtS com

Boundary Condition Requirements
® Subcritical flow analysis - downstream boundary conditions
® Supercritical flow analysis - upstream boundary conditions
s Mixed flow regime calculation - both required

E ke 1o st fre B avia condier.

If a subcritical flow analysis is going to be performed, then only the downstream boundary conditions
are required.

If a supercriticél flow analysis is going to be performed, then only the upstream boundary conditions
are required.

If the modeler is going to perform a mixed flow regime calculation, then both upstream and
downstream boundary conditions are required.

The Boundary Conditions data entry form can be brought up by pressing the Reach Boundary
Conditions button on 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.

The user is only required to enter a title for the data, the filename is automatically assigned.
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Performing the Hydraulic =T
Com pu tations ki

& Once all of the geometric data and flow data are entered, the
modeler can begin to perform the hydraulic calculations

® A plan is created with both a user specified geometry file and
flow file

@® Any of the available hydraulic design functions can be selected
from the Run menu bar option on the HEC-RAS main window
e after a simulated has been run

Once all of the geometric data and flow data are entered, the modeler can begin to
perform the hydraulic calculations.

The modeler can also select any of the available hydraulic design functions from the
Run menu bar option on the HEC-RAS main window.

An example of the simulation window is shown in Figure 6, which is the Steady Flow
Analysis window.
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Steady Flow Analysis
Window

® To access the Steady Flow Analysis window:

® Run = Steady Flow Analysis

® A Plan can be put together by selecting "New Plan” from the File menu
bar option of the Steady Fiow Analysis window.

® Enter a Plan Title and Short Identifier (Short ID) and then specify a
Geometry File and Steady Flow File

® The modeler can also select a Flow Regime:
® Subcritical. Supercritical. or Mixed

N

10 conge wye naiace prtie

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.

Basic Overview (rev. 2/05) 24



Performing the Hydraulic =y
Computations

@ Additional features are available s
| P 1<,
under the Options menu to

®  Floodway Encroachment b pis £
locations for fiow distribution i e ’ A oHil
conveyance calculation options S i <1
friction slope methods i ot COlGART Tor e =
calculation tolerances AR
critical depth output options

critical depth computation [T v checcdmabetormoreagon ] |
method b & ove |
split flow optimization = s S
data checking

setting log file outout levels

viewing the log file output

e Caiculate steady flow analysis

Additional features are available under the Options menu to:

perform a Floodway Encroachment Analysis

set locations for calculating flow distribution output
conveyance calculation options

friction slope methods

calculation tolerances

critical depth output options
critical depth computation method
split flow optimization

data checking

setting log file output levels
viewing the log file output

The steady flow calculations can be performed by pressing the Compute button at
the bottom of the Steady Fiow Analysis window.
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Viewing and Printing Phasedd

CONSULTANTLING

R esu I t o Wit wesiconsutans com

€ Several output features are
available under the View option
from the main window, including:

cross section plots

water surface profile plots
general profiie plots

rating curve plots

X-Y-Z perspective plots
stage and flow hydrographs
hydraulic property plots
detailed output tables
profile summary table
summary of errors, warnings, and notes
Viewing data thvough DSS

Unsteady. water quality and Sediment
plots

Several output features are available under the View option from the main window.

These options include:
cross section plots
water surface profile plots
general profile plots
rating curve plots
X-Y-Z perspective plots
stage and flow hydrographs
hydraulic property plots
detailed output tables
profile summary table
summary of errors, warnings, and notes
DSS data
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Viewing and Printing —

R esu It s eSS tanis S

® Any cross-section can be e i
viewed by selecting the River, et R e El

Reach and River Station from
the list boxes.

® Cross sections can be viewed '
by using the up and down
arrow buttons or a drop-down
list

® Several plotting features are

S available under the Options

menu.

® E.g.. zoom in/out, change
plans, modify line styles

An example of a cross section plot is shown in Figure 7. 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.

Basic Overview (rev. 2/05) 2f




Viewing and Printing
Results

® Hard copy output of the graphics can be accomplished in two
different ways:

m Plots can be sent directiy from HEC-RAS to whichever
printer or plotter the user has defined under the Windows
Print Manager.

® 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. -

Hard copy output of the graphics can be accomplished in two different ways:

Plots can be sent directly from HEC-RAS to whichever printer or plotter the
user has defined under the Windows Print Manager.

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.

Basic Overview (rev. 2/05) 28



Viewing and Printing west
Results

@ All of the options available in the cross section piot 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 a profile plot is shown in Figure 8. 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.
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X-Y-Z Perspective Plot

NYsINT
wew.wesiconsuitants.com

@ Plotting options:

s Specifying starting
and ending cross-
sections

® Rotation

& Vary the horizontal to i
vertical ratio !

@ Multiple profiles can be |
overlaid on the cross !
section data. |

@ The graphic can be {
printed or sent through |
the Windows Clipboard |
to other programs.

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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Detailed Tables s

o

5 oo Soction Otpus "
® Tabular output is e

available in two
different formats:

& “Detailed”
® “Summary”

@ Detailed tabular
output providés
detailed hydraulic
results at a specific
cross section location.

Tabular output is available in two different formats.

The first type of tabular output provides detailed hydraulic results at a specific cross
section location (cross section table).

An example of this type of tabular output is shown in Figure 10.
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Summary Tables e

WIAWWESIEONSLARMS.SoMm

e “Summary Tables” show a limited number of hydraulic variables
for several cross sections and multiple profiles.

i hentwond
§ Kemwood .
{ Kendwooa] 9. 875"

Kerien
i fentwond 5,75
i Kemewood | 576

4 »

T otak fiowe i C1085 2a0h0n

The second type of tabular output shows a limited number of hydraulic variables for
several cross sections and multiple profiles. An example of this type of tabular
output is shown in Figure 11.
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Viewing and Printing vesT
Results

@ Several pre-defined
summary tables are
available

@ Tabular output can be
printed or passed
through the clipboard.

® Available under the
File menu on each
s of the table forms.

There are several standard tables that are pre-defined and provided to the user
under the Tables menu from the profile output tables.

Users can also define their own tables by specifying what variables they would like
to have in a table.

User specified table headings can be saved and then selected later as one of the
standard tables available to the project.

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.
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e

User-Defined Summary
Ta bleS eSS i8N <o

@ Users can also define their own “summary” fables by specifying
what variables they would like to have in a table.

® User specified table headings can be saved and then selected
later as one of the standard tables available to the project.
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" Channeal Geometry and

Modeling Techniques

eObjective: This lecture provides

il guidance on important geometric

considerations associated with 1-D
modeling

E i 1 Note: Development of HE
| AL || Engineering Center in Da

AS and HEC-HMS is conducted at the U.S. Army Corps of Engineers Hydrologic




WEST

Objectives
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<+ Limitations to HEC-RAS

< Study limit determinations
< Geometric data

<+ Discharge data

<+ Roughness data

% Calibration

<+ Consistency checks
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L imitations to HEC-RAS

W WESICENSLtants. o

< All models are wrong, some are useful — Dr. George Box
< HEC-RAS

® 1-D model

® Gradually varied flow

® The channel has a “small” slope

< If these assumptions cannot be made, other modeling tools
may need to be considered

= 2D modeling
® 3D modeling
 Physical modeling

One-dimensional flow implies that depth and velocity vary only in the longitudinal
direction of the channel (i.e., the energy grade line elevation and water surface
elevation are constant across a given cross-section). Although the 1-D assumption
is not theoretically correct, it is suitable for most open channel hydraulic work. The
gradually varied flow assumption implies that hydrostatic pressure prevails and that
vertical accelerations can be ignored. The exception to the gradually varied
assumption occurs at structures such as bridges, culverts, inline structures, and
lateral structures. At these locations, where the flow can be rapidly varied, the
momentum equation or other empirical equations are used. Typically, the channel
slope is considered “small” if it is less than 1:10. This is not a strict rule. For
example, small, isolated reaches greater than 10% may work just fine. This
breakpoint is simply where the depth measured parallel to gravity and the depth
measured normal to the bed slope begin to diverge significantly.

The cost for developing 2-D and 3-D models are significantly higher than the cost
associated with developing a 1-D model.




Study Limit Determinations

<+ Need to determine study area boundaries
m Detailed topographic data
® Hydraulic computations
= |arger than project area

<+ Upstream boundary
® Project no longer impacts calculations
m Compare pre- and post-project profiles
® Empirical equation and nomograph

Determining the study limits defines the area where detailed topographic data are
needed as well as where hydraulic computations are to be performed. The
boundaries usually extend further upstream and downstream of the area of interest.
The upstream boundary is usually a point where the impacts of the project (i.e.,
backwater effects) are no longer observed and hydraulic computations are no
longer needed. To determine this, a pre- and post-project profile can be
determined. Where these two profiles merge would be the appropriate location of
the upstream boundary condition. HEC’s Accuracy of Computed Water Surface
Profiles (1986) presents an empirical equation and nomograph for locating the
upstream boundary under subcritical flow as a function of hydraulic depth, head loss
across the structure, and channel slope.



Study Limit Determinations ...

<+ Downstream boundary
®m Eliminate errors in downstream boundary condition
® Trial-and-error
® Empirical equations and nomographs

Reach A Reach B
Profiles Converge s
A Prot-
in Reach A ety T

Starting
f—— Normal Depth  Location
Profile s ‘

Critical Depth 7|
Profile 3

Development of Base Profile

The downstream boundary should be located sufficiently far enough downstream so
that any errors associated with the boundary condition are damped out before the
project area is reached. The location of the downstream boundary can be
determined by a trial-and-error procedure. Also, HEC's Accuracy of Computed
Water Surface Profiles (1986) presents empirical equations and nomographs for
locating the downstream boundary as a function of hydraulic depth and channel
slope.



Geometric Data Mg,
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<+ Aerial photographs and
site visits

<+ Flow visualization

< Bank station locations '/
<+ Reach lengths
< Ineffective flow areas

< Cross-section
spacing/alignment




WEST

Aerial Photographs and Site
Visits

< Useful first steps

< Assists in:

Estimating roughness values
® Placing cross-sections

# Determining bank station locations

e Visualizing flow patterns through/around structures
<+ Sources

® Google Earth

® Government and local agencies/websites

® USGS quad sheets

Many websites have aerial photographs that can be viewed for free like the local
county’s assessor site or flood control district site. Google Earth is also a
powerful tool for finding aerial photographs. Local universities may have
map/photo collections for the state that they are located in. Many government
agencies provide current and historical aerial photographs. A partial list of these
agencies includes:

1. US Geological Survey
http://edcsns17.cr.usgs.gov/finder/finder_main.pl?dataset_name=NAPP

Bureau of Land Management http://www.blm.gov/nstc/aerial/index.html

3. US Department of Agriculture (Farm Services Bureau)
http://www.fsa.usda.gov/F SA/apfoapp ?area=apfohome&subject=landing&topic=l
anding




Flow Visualization
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< ldentifying flow lines helps in model development
< Flow lines help identify

® ineffective flow areas

® Areas of storage

® Cross-section spacing and alignment




Flow Visualization
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< Sketched flow lines
= Bankfull discharge
E Largest event

“+ Rules

® 1:1 contraction ratio’, :
® 4:1 expansion ratio ~ ot G b e S : \ =
& Do not cross flow lines i ‘
@ Flow lines do not cross contour lines more than once

Flow lines paraliel contour lines and cross lower lines
as you draw them in the downstream direction

Quad sheets should be overlaid with mylar or other transparent film and flow lines
sketched for bankfull and flood discharges (or largest event to be analyzed). If
there are radical changes in flow area between these two discharges, you may want
to add flow lines from an intermediate discharge.

Some general rules of thumb about drawing flow lines are as follows:

Remember to restrict the flow lines to a 1 to 1 contraction ratio and 4 or 3 to 1
expansion ratio.

Flow lines do not cross.
Fiow lines do not generally cross contour lines more than once.

In a typical stream, flow lines generally parallel the contour lines and cross lower
lines as you draw them in the downstream direction

Draw flow lines starting from the upstream end unless here are significant
protruding land features — then see below.

Start drawing flow lines at the anticipated waters edge at protrusions into the water
flow. Then draw upstream at the 1 on 1 ratio and downstream at the 1 on 3 or 4
ratio. Continue reasonably drawing these lines upstream and downstream until they
hit the waters edge.
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Bank Station Locations
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< Difficulties

® Delineating channel from
overbanks

s Competing goals
< Tools

® Site visit

® Aerial photographs
“+ Criteria

B Vegetation

& Soils

m Topography

At times, it can be difficult to determine the channel banks are located.
Sometimes, it may be difficult to delineate where the channel ends and
where the overbanks begin. Also, the entities involved in the project may
have competing goals that make it difficult to determine the bank station
locations. A developer may want to place the bank stations in towards the
channel so that there is more room to encroach. Local flood control
agencies may want to push the banks stations away from the channel to be
more conservative and provide better flood protection.

Site visits and aerial photographs are two important tools that the modeler
can use to determine the bank station locations. Vegetation, soils, and
topography are also valuable tools.

Vegetation — Bank stations are usually located at the point where vegetation
along the stream corridor changes from terrestrial to aquatic species, or the
point where permanent, terrestrial vegetation begins.

Soils — Banks stations are usually located at the point where soil
characteristics change from undifferentiated, poorly developed, layered,
fluvial deposits subject to scour and deposition to more well-developed soils
with distinct soil.

Topography — Bank stations are usually located at a break in siope or at the
point where the top of the channel bank transitions to the more planar
floodplain. 10
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Reach Lengths

< Three reach lengths per cross-sections
® Main channel
= Left overbank
® Right overbank

< Main channel reach length measured along thalweg

< Overbank reach lengths measured using centroid of water
in the overbank areas

< Large flood events may have different reach lengths than
low flow events

Reach lengths are estimated by the engineer. Typically, they are measured on a
map using an engineer’s scale along the estimated flow path between cross-
sections. For the main channel, the reach length is measured along the thalweg.
For the overbank areas, the reach lengths are measured along the centroid of the
water in the overbank areas. The location of the center of mass of the overbank
areas can be estimated based on the shape of the overbank areas. For example, if
the overbank areas have an approximate rectangular cross-sectional area, then the
centroid will be in the middle of the overbank area. If the overbank areas have an
approximate triangular cross-sectional area, then the centroid will be about 1/3 of
the distance from the bank station to the water’s e<ge.

The reach lengths can be determined automatically using HEC GeoRAS. However,
the engineer must still define a shape file that corresponds to the flow path for the
main channel, the left overbank, and the right overbank.

11
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Reach Lengths — Low Flows <.
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——ip T

For large flows on meandering streams, the overbanks may be overtopped and the
channel flow may cut across the neck of the meander loop. In this case, the reach
lengths (and cross-section locations) will be different than they are for low flows
(see above figure). In this case, two geometry files are needed: one with the low
flow cross-sections and reach lengths and one for the high flow cross-sections and

reach lengths.

12
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Reach Lengths — High Flows

Channel Reach

For large flows on meandering streams, the overbanks may be overtopped and the
channel flow may cut across the neck of the meander loop. In this case, the reach
lengths (and cross-section locations) will be different than they are for low flows
(see above figure). In this case, two geometry files are needed: one with the low
flow cross-sections and reach lengths and one for the high flow cross-sections and
reach lengths.

13
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Ineffective Flow Areas
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<+ Flow lines will help in determining ineffective flow areas

< Obstructions to the flow (blocked obstruction feature)

® Add cross-sections if obstructions biock significant
portion of the flow

» Similar to cross-sections 2 and 3 for bridges

8 May need additional cross-sections in influence zones
p Similar to cross-sections 1 and 4 for bridges

m Remember to add ineffective flow as necessary

Inspection of the fiow lines will help in determining ineffective flow areas. In
general, if the closest flow line to the boundary starts to significantly depart from the
actual boundary, the area between the flow line and the boundary may be
ineffective.

Identify those areas that contain obstructions to the flow. If these obstructions cover
a significant portion of the projected flow area (length perpendicular to the flow
lines), cross sections must be inserted at these locations.

If you place additional cross sections in these areas to represent an obstruction, you
should use the blocked obstruction option of HEC-RAS. Note that you should place
cross sections in the influence zones upstream and downstream of these
obstructions similar to cross sections 1 and 4 when modeling bridges. They should
be located, again, using the 1 to 1 contraction ratio and 4 or 3 to 1 expansion ratio
as rules of thumb.

Also, the blocked obstruction cross section should also have bounding cross
sections similar to cross sections 2 and 3 in modeling bridges. Remember to add
blocked ineffective flow areas at these cross sections.

You must also add cross sections upstream and downstream of the obstruction
corresponding to cross sections 4 and 1 used in modeling bridges and culverts.

14
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Cross-Section Spacing
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< Cross sections should be placed at representative
locations to describe the changes in geometry .

<+ Samuels (1989) and Fread (2003) have equations for
maximum spacing

% Other references (USGS, USACE)

<+ 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

Samuels, P.G. (1989). “Backwater lengths in rivers”, Proceedings --
Institution of Civil Engineers, Part 2, Research and Theory, 87, 571-582.

Other references that discuss cross-section spacing:

Davidian, J. (1984). “Computation of water-surface profiies in open
channels.” USGS Techniques of Water-Resources Investigations, Book 3,
Chapter A15. http://water.usgs.gov/pubs/twri/twri3-a15/

Thompson, D.B., and Rogers, T.D. (1983). “Water surface profile
computations — how many sections do | need?” Proc., ASCE Conference on
Hydraulic Engineering, San Francisco, CA, July 25-30, 791-796.

USACE. (1986). “Accuracy of computed water surface profiles.” Hydrologic
Engineering Center, RD 26, Davis, CA.

16




Samuels’ Equation for Cross-
Section Spacing

ar< 015D
S()

Where: AX is the cross section spacing distance:
D is the bankfull depth (m); and
S, is the bed slope

17
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Cross-Section Spacing
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< Major obstructions to flow (bridges, culverts, etc.)
<+ Stream gages/high water marks

<+ Embankments across the floodplain

< Significant changes in floodplain width

< Significant geometric changes in the channel

% Significant changes in roughness

< Significant changes in slope

e <+ At or near levees

<+ Just upstream and downstream of tributaries

< At FEMA cross-section locations

Bed slope plays an important role in cross section spacing. Steeper slopes
require more cross sections. Streams flowing at high velocities (i.e., streams
with large slopes) 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.

18




Cross-Section Spacing

< How do you know if you have enough?
m Use the HEC-RAS cross section interpolation
= Make a new plan and run the model
s Compare the before and after
= If no significant difference, then OK!

19
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Cross-Section Spacing
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<+ Check data collected by survey team

< Field notes
® Check orientation
® Check location
m Compare elevations
m Verify cross-sections were surveyed from left to right

Once the survey team has collected the topographic data needed to define
the cross-sections, a check of the survey data should be performed. Using
the field notes, check that the location and orientation of each cross-section
is correct. Note contour elevations on the USGS quad sheets and compare
them to the elevations recorded by the survey team. Also, verify that the
cross-sections were survey from left to right looking downstream. If this is
not the case, the stationing can be easily reversed in HEC-RAS.

20




Cross-Section Alignment =&

<+ Skewed cross-sections (greater than 18°)
® Resurvey cross-section
s Reduced flow area using skew routine in RAS

<+ Meandering streams
e Interpolation may require cross-section adjustments
® Channel size may not change
= Overbank areas may need to increase or decrease

< Dog-legged cross-sections

= Allows cross-sections to always be perpendicular to
flow lines

If the overall cross section is skewed more than 18 degrees from the perpendicular
of the flow line (discussed later), either the cross section needs to be resurveyed or
reduced by an appropriate multiplier.

Copying cross sections in a meandering stream may require adjustments
(increasing or decreasing flow area) to the overbank areas but the channel size may
not change.

21




Cross-Section Alignment
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== Bank Stations

| Flow Lines =

Fiow Area

™~ Ineffective
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Discharge Data

<+ Previous studies
® Flood Insurance Studies (FIS)
® Flood Control District’s studies
<+ Gage Data
# Single valued stage-discharge relation
& Current meter discharge measurements
m USGS rating system
» Excellent rating is +/- 2%
» Good rating is +/- 5%
» Fair rating is +/- 8%
» Poor rating is +/- 10%

Federal, state, and local agencies can be queried for previous reports and studies regarding your
project area.

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 provide a
continuous record (of velocity), 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 always suspect. 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
tell is to compare the discharge measurements to the flow record. Still, if the
measurements are infrequent, one can only apply the flow record to the model and see how
well the stage record is reproduced. Remember! Most published flow records are in mean
daily flow. The modeler must somehow assign time values to these records (HEC).

(USGS, 1992) Office of Surface Water Technical Memorandum No 93.07, Policy Statement
of Stage Accuracy, Dec. 4, 1992. http://water.usgs.gov/admin/memo/SW/sw93.07.html

23
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<+ Statistical analysis
w Need at least 10 years worth of data
8 HEC-FFA
“+ Regional analysis
2 Regression equations
m Specific to a given area
< Watershed modeling
= Develop design storm
a Calculate runoff hydrograph and peak discharge
® TR-20, HEC-1, HEC-HMS

Statistical analysis: statistical discharge-frequency estimates are generally
considered reasonably accurate only for frequencies that are similar to the length of
the actual record. A “rule of thumb” states that frequency estimates should extend to
less than twice the period of record. In addition, the data must be homogenous. The
HEC-FFA program can be used as a tool to perform a statistical analysis.

Regional analysis: If the study requires only peak discharges and floodplain or
reservoir storage is not a factor, then regional analysis is often used. Regression
equations are often considered the next most accurate estimate of peak-discharge
frequency, because the equations are derived from statistical analysis of actual
gage data. Regional analysis has been used by USGS to develop flood-peak
prediction equations for states, urban areas around the country as well as for
specific cities.

Watershed Modeling: Only watershed modeling gives full discharge hydrographs
and translates these hydrographs through the watershed, allowing the effects of
timing, tributary inflows, reservoirs, channel modifications, and other flood mitigation
components to be properly evaluated. Hydrologic modeling develops an actual or
synthetic design storm and calculate the runoff hydrograph and peak discharges for
the specified event. These models includes TR-20, HEC-1, and HEC-HMS.

24



Roughness Data
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< Judgment and/or experience
> Table lookup
* Picture comparison

<+ Cowan’s equation

n=(n,+n +n,+n,+n, )m5

Judgment/Experience: Engineers with open channel hydraulic studies experiences
can develop an intuitive feel for the appropriate Manning’s n values. However, one
should always evaluate n values with many different techniques before adopting a
value, instead of relying on his/her own experience or judgment.

Table Lookup: Through site visits, the study channel or floodplain can be described
and then compared to standard descriptions of channel or floodplain conditions
already defined in different hydraulic tables (e.g., Chow, 1859).

Picture Comparison: If gage information for the site is not available, comparing
pictures of the study reach to similar reaches whose channel n values has been
determined can be a very accurate method for estimating n values.

Cowan’s Equation: The Cowan Equation (1956) is a very useful method to deriving
an analytic estimate of channel n values for the study reach. Since Cowan
developed his procedure from studying 40 to 50 small- to moderate-size channels,
this equation is questionable for streams with a hydraulic radius larger than 15 ft
(4.6m).

n = overall roughness value
n0 = base n-value for a smooth, straight reach
n1 = additional roughness due to surface irregularities

n2 = additional roughness due to variations of the shape and size of the channel
cross-sections

n3 = additional roughness due to obstrucidns




Calibration oo

<+ Definition

< Gage data

< High water mark data

< Field interviews

<+ Newspaper records

% Hydrologic comparisons

< Verification data

Calibration Definition: The hydraulic model always requires calibration to give a
sense of confidence that the program output does properly reprzsent what would
occur on the prototype river. Calibration adjusts model parameters (within reason)
so that predicted system performance agrees with observed system performance
over a range of conditions.

Gage Data: Calibrating a model to only a single cross section has limited value.
Output from the floodplain modeling program should be calibrated to several actual
discharge and stage data pairs representing different runoff events. If multiple gage
sites or flood high water marks are available, they should be used to alibrate the
model to several sites along the stream.

High water Mark Data: If one or more large floods have occurred, high water marks
records are often available to calibrate the model. The high water marks can contain
some error. High water marks obtained from field interviews depend on a person’s
memory and whether the individual witnessed the flood level on the recession side
rather than at the peak.

Field Interviews: If no formal high water mark surveys were not available, the
engineer can perform a survey te local residents to obtain these estimates directly.

Newspaper Records: Because references to flood level on a local landmark are
often printed, so newspaper records are often a good source of high water mark
data. o6



Consistency Checks

< Velocities and flow percentage
® Main channel

® Overbank areas.
<+ Should be fairly consistent

< If not consistent
= |s there a physical reason for the changes?

e If not, the model must be adjusted

Look at the velocities and flow percentage of the main channel and overbank areas.

If the prototype is fairly uniform in the longitudinal direction, the velocities and flow
distribution of the channel and overbanks should be fairly consistent also.

If the model shows severe changes occurring from cross section to cross section,

there should be a physical reason for the changes; if not, the model must be
adjusted.

27




Consistency Checks

<+ Exampile 1 — Consistency in velocity
® (Cross sectfion 1: 2 m/s
= Cross section 2: 0.5 m/s
a Cross section 3: 3 m/s

® Channel geometry and slope is relatively uniform
< Not a reasonable result!

<+ Need to find out why there is an inconsistency

234

For instance, if channel velocity goes alternately 2 m/s to 0.5 m/s to 3 m/s in the
downstream direction and the channel geometry and slope is relatively the same
throughout the reach, this is not a reasonable model result.

It may be that where the channel velocity was 0.5 m/s, there was a large increase in
overbank flow area or conveyance, thus decreasing the channel discharge, resulting
is a lower channel velocity. One may then consider if all of the overbank area
should be available for conveyance in such a short distance.

28
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<+ Example 2 — Consistency in flow

® Percentage of discharge in one overbank

® See figure on next slide
++ Is reach length betweén the cross sections long enough?
<+ Fixes

m Use ineffective flow areas

® Adjust the overbank roughness values

<+ Remember to check the channel discharge and velocity in
adjacent cross sections

Another example would be if the percentage of discharge (say 60%) in one
overbank changed to 10% in the next downstream cross section and the
percentage in the channel stayed the same (say 20%). This means that the other
overbank changed from 20% to 70% in the downstream direction.

You must judge if the reach length between the cross sections was sufficiently long
to allow such a large transfer of water from one overbank, through the channel, and
to the other overbank.

Appropriate adjustments would be to use the ineffective flow options or adjust the
overbank “n” values. Again, remember to check the channel discharge and velocity
in relation to the adjacent cross sections.
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Optional Capabilities of HEC-RAS

=3l Note: This lecture was partially derived from Chapter
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heremd| 4 Of the HEC-RAS Hydraulic Reference Manual
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Overview

Cross-section interpolation
Mixed fiow

Momentum equation for junctions
Flow optimization

Fiow distribution

Water quality analysis
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® Cross Section interpolation is activated from the Tools menu of
the Geometric Data editor screen.

® Need for interpolated Cross Sections
= 3tring Model Concepts

Cross Section interpolation is activated from the Tools menu of the Geometric Data
editor screen.

Need for interpolated Cross Sections

String Model Concepts

Optional Capabilities (rev. 8/05) 3




Need for Interpolated iy
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Cross Sections

® Geometric Requirements

® Occasionally it is necessary to supplement surveyed cross
section data by interpolating cross sections

» However. surveyed cross-sections are preferred over
interpolation.

m Cross sections should be located at significant breaks in
slope or shape

» interpolation of cross sections should not be used when these
breaks occur between the cross sections.

™~ @ Hydraulic Requirements
m Change in Velocity Head is too large
& Defaults to critical depth.

Geometric Requirements

Occasionally it is necessary to supplement surveyed cross section dzta by
interpolating cross sections in between two surveyed sections.

Cross sections should be located at significant breaks in slope or shape; therefore,
interpolation of cross sections should not be used when these breaks occur
between the cross sections.

Hydraulic Reguirements

Interpolated cross sections are often required when the change in velocity head is
too large to accurately determine the change in the energy gradient.

When cross sections are spaced too far apart, the program may end up defaulting
to critical depth.

Optional Capabilities (rev. 8/05)



String Model Concepts

® The HEC-RAS program has the ability to generate cross
sections by interpolating the geometry between two user-
entered cross sections.

General

The HEC-RAS program has the ability to generate cross sections by interpolating

the geometry between two user-entered cross sections.

Optional Capabilities (rev. 8/05)




String Model Concepts
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e Concept of Master and Minor Cords

m Cords connect the coordinates of the upstream and
downstream cross sections.

® The cords are classified as “Master Cords™ and "Minor
Cords”.

Concept of Master and Minor Cords

The string model in HEC-RAS consists of cords that connect the
coordinates of the upstream and downstream cross sections.

The cords are classified as “Master Cords” and “Minor Cords”.

Master Cords

The master cords are defined explicitly as to the number and starting and
ending location of each cord.

The default number of master cords is five and are based on the

following location criteria:

First coordinate of the cross section (may be equal to left bank)
Left bank of main channel (required to be a master cord)
Minimum elevation point in the main channel

Right bank of main channel (required to be a master cord)

Last coordinate of the cross section (may be equal to right bank)

Optional Capabiiities (rev. 8/05)



Master Cords

® The master cords are defined explicitly as to the number and
starting and ending location of each cord.

@ The default number of master cords is five and are based on the
following location criteria:

® First coordinate of the cross section (mav be equal to left
bank)

Left bank of main channel (required to be a master cord)
Minimum elevation point in the main channel
Right bank of main channel (required to be a master cord)

Last coordinate of the cross section (may be equal to right
bank)

Concept of Master and Minor Cords

The string model in HEC-RAS consists of cords that connect the
coordinates of the upstream and downstream cross sections.

The cords are classified as “Master Cords” and “Minor Cords”.

Master Cords

The master cords are defined explicitly as to the number and starting and
ending location of each cord.

The default number of master cords is five and are based on the
following location criteria:

First coordinate of the cross section (may be equal to left bank)
Left bank of main channel (required to be a master cord)
Minimum elevation point in the main channel

Right bank of main channel (required to be a master cord)

Last coordinate of the cross section (may be equal to right bank)

Optional Capabilities (rev. 8/05)




Master Cords

® At a minimum there must be four master cords (only two if the
bank stations equal the end points).

@ A Channel invert cord is included by default, but is not required.

@ Additional master cords can be added by the user

® Additional user specified master cords should be constructed
to assist HEC-RAS in properly interpolating cross section.

@ Capture significant continuous land features

o

At a minimum there must be two master cords, but there is no maximum; therefore,
additional master cords can be added by the user.

Additional user specified master cords should be constructed to assist HEC-RAS in
properly interpolating cross section.

This is particularly important if there are important continuous land features from
one cross section to another that are not the same distance from the cross section
edge or channel from one cross section to another.

This is explained in Chapter 6 of the HEC-RAS User’s Manual, under cross section
interpolation.

Optional Capabilities (rev. 8/05)



Minor Cords

® Minor cords are automatically generated.

® Determined by establishing coordinates between the upstream
and downstream cross-sections

@ The station values at the opposite cross section are determined
by proportioning.

@ Station and Elevation at the new XS are then Interpolated.

@ The number of minor cords will be equal to the sum of all the

coordinates in the upstream and downstream sections minus
poemen the number of master cords.

Minor Cords

The minor cords, automatically generated by the interpolaticn routines, are
determined 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 values at the opposite cross section is determined by computing the
proportional distance that the known coordinate represents between master cords
and then applying the proportion to the distance between master cords of the
opposite section.

The number of minor cords will be equal to the sum of all the coordinates in the
upstream and downstream sections minus the number of master cords.

Once all the minor cords are computed, the routines can then interpolate any
number of sections between the two known cross sections.

Interpolation is accomplished by linearly interpolating between the elevations at the
ends of a cord.

Interpolated points are generated at all of the minor and master cords.

Optional Capabilities (rev. 8/05) 9




String Model Concepts

@ |nterpolation of Roughness Coefficient

® The interpolation routines will also interpolate Manning’s n
values and is based on a string model similar to the one
used for geometry.

m Cords are used to connect the breaks in roughness
coefficients of the upstream and downstream sections.

Interpolation of Roughness Coefficient

The interpolation routines will also interpolate roughness coeffici=nts (Manning’s n
values) and is based on a string model similar to the one used for geometry.

Cords are used to connect the breaks in roughness coefficients of the upstream and
downstream sections.

Optional Capabilities (rev. 8/05)
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® The default number of master cords is four and are based on the
following location criteria:

® First coordinate of the cross section (may be equal to left
bank)

® | eft bank of main channel
® Right bank of main channel
E |ast coordinate of the cross section

® \When either of the two cross sections has more than three n
values. additional minor cords are added at all other n value
break points.

® Interpolation of roughness coefficients is then accomplished in
the same manner as geometry interpolation.

The default number of master cords is four and are based on the following location
criteria:

First coordinate of the cross section (may be equal to left bank)
Left bank of main channel

Right bank of main channel

Last coordinate of the cross section

When either of the two cross sections has more than three n values, additional
minor cords are added at all other n value break points.

Interpolation of roughness coefficients is then accomplished in the same manner as
geometry interpolation.

Optional Capabilities (rev. 8/05) 11




Mixed Flow Regime
Calculations
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@ General

® Calculation Scheme

General

Calculation Scheme

Optional Capabilities (rev. 8/05)
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® The HEC-RAS software has the ability to perform subcritical,
supercritical, or mixed flow regime calculations.

® The Specific Force equation is used in HEC-RAS to determine
which flow regime is controlling, as well as locating any
hydraulic jumps.
m Detailed information on the computations are presented in
the Hydraulic Reference Manual.

The HEC-RAS software has the ability to perform subcritical, supercritical, or mixed
flow regime calculations.

The Specific Force equation is used in HEC-RAS to determine which flow regime is
controlling, as well as locating any hydraulic jumps.

Detailed information on the computations are presented in Chapter 4, pages 4-6 to
4-8 of the Hydraulic Reference Manual

Optional Capabilities (rev. 8/05) 13
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® The mixed flow regime calculations in HEC-RAS are performed
as follows:

1. A subcritical water surface profile is computed starting from a known
downstream boundary condition.

ro

During the subcritical calculations. all locations where the program defaults
to critical depth are flagged for further analysis

3. A supercritical profile calculation is started from the upstream end with &
user specified upsiream boundary condition

4. If the boundary condition is supercritical and has a greater specific force
than the previously computed subcritical water surface, then it 1s assumed
to control, and the program will begin calculating a supercritical profile from

paesen this section.

(53]

If the subcritical answer has a greater specific force, then the program
begins searching downstream to find a location where the program
defaulted to critical depth in the subcritical run. upon which the program
uses it as a boundary condition to begin a supercritical profile calculation

The mixed flow regime calculations in HEC-RAS are performed as follows:

A subcritical water surface profile is computed starting from a known downstream
boundary condition.

During the subcritical calculations, all locations where the program
defaults to critical depth are flagged for further analysis.

A supercritical profile calculation is started from the upstream end with a user
specified upstream boundary condition.

If the boundary condition is supercritical and has a greater specific
force than the previously computed subcritical water surface, then it is assumed to
control, and the program will begin calculating a supercritical profile from this
section.

If the subcritical answer has a greater specific force, then the program begins
searching downstream to find a location where the program defaulted to critical
depth in the subcritical run, upon which the program uses it as a boundary condition
to begin a supercritical profile calculation.

Optional Capabilities (rev. 8/05)
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Calculation Scheme

(2]

A supercritical profile in the downstream direction is calculated until it

reaches a cross section that has valid subcritical and supercritical

answers, calculates the specific force of both computed water surface

elevations and selects the one with the greater specific force

7. If the supercritical answer has a greater specific force, the program
continues making supercritical calculations in the downstream direction
and comparing the specific forces

8. When the program reaches a cross section whose subcritical answer has a

greater specific force than the supercritical answer. the program assumes

that a hydraulic jump occurred between that section and the previous cross

section

[}

The program then goes to the next downstream location that has a critical
g depth answer and continues the process.

A supercritical profile in the downstream direction is calculated until it
reaches a cross section that has valid subcritical and supercritical answers,
calculates the specific force of both computed water surface elevations and selects
the one with the greater specific force.

If the supercritical answer has a greater specific force, the program
continues making supercritical calculations in the downstream direction and
comparing the specific forces

When the program reaches a cross section whose subcritical answer
has a greater specific force than the supercritical answer, the program assumes that
a hydraulic jump occurred between that section and the previous cross section.

The program then goes to the next downstream location that has a critical depth
answer and continues the process.

Optional Capabilities (rev. 8/05) 15
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Calculation Scheme
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Modeling Stream Junctions ==

® General
@ Possible Junction Conditions

e Momentum Method

General

Possible Junction Conditions

Momentum Method

Optional Capabilities (rev. 8/05) 17




Modeling Stream Junctions

@ Stream junctions can be modeled in two different ways within
HEC-RAS.

@ Energy Method
® Default method.

m Standard step backwater and/or forewater caiculations
through the junction.

® Does not account for the angle of any of the tributary flows.

fiess— ® Because most streams are highly subcritical flow, the
influence of the tributary flow angle is often insignificant.

Stream junctions can be modeled in two different ways within HEC-RAS.

Energy Method

The default method is an energy based solution.

The energy method solves for water surfaces across the junction by performing
standard step backwater and forewater calculations through the junction.

The energy method does not account for the angle of any of the tributary flows.

Because most streams are highly subcritical flow, the influence of the tributary flow
angle is often insignificant.

Optional Capabilities (rev. 8/05) 18
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Modeling Stream Junctions <.
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® NMomentum Method

® |f the angle of the tributary
plays an important role in
influencing the water surface
around the junction.

® 1-D form of the momentum
equation, angles of the tribs
are used to evaluate the forces
e associated with the trib flows.

Momentum Method

If the angle of the tributary plays an important role in influencing the water surface
around the junction, then the user should switch to the alternative method available
in HEC-RAS, which is a momentum ba=ad method.

The momentum based method is a one dimensional formulation of the momentum
equation, but the angles of the tributaries are used to evaluate the forces associated
with the tributary flows.

Optional Capabilities (rev. 8/05) 19
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Possible Junction Conditions ...
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@ There are six possible flow conditions that HEC-RAS can handie
at a junction

Subcritical flow — flow combining

= Subcritical flow — flow split

& Supercritical flow — flow combining
® Supercritical flow — flow split

& Mixed flow regime — flow combining
B Mixed flow regime — flow split

® The most common situations are the subcritical flow cases (1)
and (2).

There are six possible flow conditions that HEC-RAS can handle at a junction

Subcritical flow — flow combining
Subcritical flow — fiow split
Supercritical flow — flow combining
Supercritical flow — flow split

Mixed flow regime — flow combining
Mixed flow regime — flow split

The most common situations are the subcritical flow cases (1) and (2).

Optional Capabilities (rev. 8/05)

20



Momentum Calculationat ™
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@ Required Data

m User must supply the angle for any reach with flow lines that
are not parallel to the mainstem’s flow lines.

Careful! Angles
may be different
between low and
high flow events.

Required Data

To use the momentum based method, the user must supply the angle for any reach
with flow lines that are not parallel to the main stem’s flow lines.
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Momentum Calculation at ="
Junctions o e,

® “Combining” Junctions

& Angles for both reaches 1 (e1) and 2 \ \
(e2) should be entered.

® Each angle is taken from a line that is \ \ /

perpendicular to cross section 3.0 of a0\ ‘/
reach 3 (the mainstem.) "

® For subcritical flow, the water surface is |
computed up to section 3.0 of reach 3 by |
normal standard step backwater !
calculations. l

® |f the momentum equation is selected, the
program solves for the water surfaces at
sections 4.0 and 0.0 by performing a
momentum balance across the junction.

Combining Junctions

An example of a flow combining junction is shown in Figure 3.

In this example, angles for both reaches 1 (8,) and 2 (8,) should be entered.

Each angle is taken from a line that is perpendicular to cross section 3.0 of reach 3
(the main stem.)

For subcritical flow, the water surface is computed up to section 3.0 of reach 3 by
normal standard step backwater caiculations.

If the momentum equation is selected, the program solves for the water surfaces at
sections 4.0 and 0.0 by performing a momentum balance across the junction

Optional Capabilities (rev. 8/05)

22



Momentum Calculation at ™
Junctions

® Subcritical Fiow at “Split” Junctions | »
® For subcritical flow, the water |
surface elevation is known at
sections 2.0 and 3.0, and the \
water surface elevation at section /N

4.0 can be found. &y

Subcritical Flow at Split Junctions

For subcritical flow, the water surface elevation is known at sections 2.0 and 3.0, |
and the water surface elevation at section 4.0 can be found.
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Momentum Calculation at REST
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Junctions o

® Supercritical Flow at “Split” Junctions

® For supercritical flow, the water
surface is known at section 4.0 only, i
and, therefore, the water surface | ;
elevation at section 3.0 and 2.0 must i -
be solved simultaneously. " / K

® Mixed Flow /NN

= Mixed flow regime computations for a VA \
flow split are handled in the same N\
manner as the energy based '

| SE— solution. except the momentum

equation is used to solve for the

water surface elevations across the

junction.

N]

Supercritical Flow at Split Junctions

For supercritical flow, the water surface is known at section 4.0 only, and, therefore,
the water surface elevation at section 3.0 and 2.0 must be solved simultaneously.

Mixed Flow

Mixed flow regime computations for a flow split are handled in the same manner as
the energy based solution, except the momentum equation is used to solve for the
water surface elevations across the junction.

Optional Capabilities (rev. 8/05)
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Steady Flow Optimization ...

® The steady flow optimization in RAS can distribute the summed
flows across any split reaches based on balancing energy

@ The user must specify an initial estimate of the flow in each split

1000cfs
(upstream

boundary Initial condition
condition) \ flow = 700 cfs
Initial condition
fiow = 300 cfs \

The steady flow optimization in RAS will distribute the summed flows across
any split reaches based on balancing energy. For the example in the slide,
RAS will iterate until it obtains a solution to where the energy at the
upstream cross sections of the two split channels are equal, and the
summed flow between the two channels is 1000 cfs (300 cfs + 700 cfs). The
sum of the flows across the split reaches does not need to equal the flows in
the combined upstream or downstream reaches. For example, the upstream
reach in the slide could have 800 cfs, and the downstream reach 1200 cfs.

In this case, RAS will still distribute a total of 1000 cfs between the two split
channels.
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How to Optimize Steady _—

o

ine

Flow Distributions

mzx; b e

Select Flow Optimizations from the Options window in the Steady Fiow
Analysis Editor. Type a “y” at the junction(s), or other location, where you
wish to optimize flow (HEC). Remember, in a subcritical backwater analysis,
energy is balanced across the two downstream channels at a fiow split, and
not at a downstream confluence. In the example in the slide, assuming a
subcritical run, optimization would then need to occur at the Tusseyville
junction and not at the Coburn junction. The Beta Version of RAS allows
optimization for supercritical flow.

Optional Capabilities (rev. 8/05)
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Default Flow Distribution

® The general cross section output shows the distributions of flow
in three subdivisions of the cross section.

® Additional output showing the distribution of flow for multiple
subdivisions
® Through the Option menu of the Steady Flow Simulation

WINGAOW. i
Fiar  Encroachmernds .. i Shot 1D ;‘:‘_:“L-‘__

Elow Distribiition Locations .. {
$ain w Prop Cub X

0 Creial Dey Meathod ...
Fiows Optirnization:

rﬁ v Check dats befor
5S¢t Log Fie OQutput Le
R e log e L.

The general cross section output shows the cistributions of flow in three
subdivisions of the cross section.

Additional output showing the distribution of flow for multiple subdivisions of the left
and right overbanks, as well as the main channel, can be requested by the user
through Options menu of the Steady Flow Simulation window.
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Defining Distribution
Locations

@ Specific locations or all
locations in the model.

® Define Slices for left
overbank, main
channel, and right
overbank

® Up to 45 total slices

@ Each sub-section must
have at least one slice.

The user can select specific locations or all 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 with up to 45 total slices which
can vary from cross section to cross section.

Each flow element (left overbank, main channel, and right overbank) must have at
least one slice.
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Flow Distribution gy

A

COKBULTANTLING

Computations

@ The computations for the flow distribution are performed after
Steady Flow computations

m Water surface elevation is computed using the three flow
subdivisions and balancing the energy equation.

® The program computes an area, wetted perimeter, and
hydraulic depth (area over top width) for each user defined
slice.

® Using the originally computed energy slope (Sf), the
conveyance and percentage of discharge are computed for
L] each of the slices.

For further details on how to request and view flow distribution output, see Chapters
7, 8, and 9 of the HEC-RAS User’'s Manual.

The computations for the flow distribution are performed after the program has

calculated a water surface elevation and energy. The flow distribution computations
are performed as follows:

Water surface elevation is computed using the three flow subdivisions
and balancing the energy equation.

The program computes an area, wetted perimeter, and hydraulic depth
(area over top width) for each user defined slice.

Using the originally computed energy slope (S;), the conveyance and
percentage of discharge are computed for each of the slices.

Optional Capabilities (rev. 8/05)
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Flow Distribution
Computations

® The computed conveyance for each slice are summed.
The sum of the slice-computed conveyances is usually
greater than the original conveyance

m A ratio of the original total conveyance (from the normal

calculations) to the total slice conveyance is determined.

® The ratio is applied to each of the slices. in order to
achieve the same conveyance as was originally computed.

e An average velocity for each slice is computed by taking
the same conveyance as was originally computed.

The computed conveyance for each slice are summed. The sum of
the slice computed conveyance is usually greater than the original
conveyance because the computed conveyance for a given water
surface elevation will increase with each new slice.

A ratio of the original total conveyance (from the normal calculations)
divided by the total slice conveyance is determined.

The ratio is applied to each of the slices, in order to achieve the same
conveyance as was originally computed.

An average velocity for each slice is computed by taking the same
conveyance as was originally computed.

Optional Capabilities (rev. 8/05)
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Cautions in Using the Flow ™"
Distribution Option

@ Multi-Dimensional Reality of Flow

B In general, the results of the flow distribution computations
should be used cautiously.

® The results based on 1-D computations.

® To achieve such detail, the user would need to use a three-
dimensional hydraulic model, or measure the flow
distribution in the field.

HEC-RAS Velocity Distribution Representation of True Velocity
Distribution

Multi-Dimensional Reality of Flow

In general, the results of the flow distribution computations should be used
cautiously.

The results shown are based upon one-dimensional computations and true velocity
and flow distribution vary vertically as well as horizontally.

To achieve such detail, the user would need to use a three-dimensional hydraulic
model, or measure the flow distribution in the field.

Optional Capabilities (rev. 8/05) 33




Cautions in Using the Flow ™7
Distribution Option

@ Use of Flow Distribution Option
m Based on average estimates of the one-dimensional results.

® Results can vary based on the number of slices.

® |n general, it is better to use as few slices as possible.

® Betler to think of it more as Conveyance Distribution than
Velocity Distribution

Use of Flow Distribution Option

While the results from the flow distribution provided by HEC-RAS are better than the
standard three subdivisions (left overbank, main channel, and right overbank)
provided by the model, the values are still based on average estimates of the one-
dimensional results.

The results obtained from the flow distribution option can vary with the number of
slices used for the computation.

In general, it is better to use as few slices as possible.

The slices that are created are more representative of conveyance slices over
velocity slices.

Optional Capabilities (rev. 8/05)
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Performing a Water Quality
Analysis

@ One-dimensional advection-dispersion eguation

® Fate and transport of:
® Water temperature
Arbitrary conservative and non-conservative constituents
Dissolved nitrogen
Dissolved phosphorus
Algae
CBOD
Dissolved oxygen

@ Must have a working, calibrated model first

The Water quality module uses the QUICKEST-ULTIMATE explicit numerical
scheme to solve the one-dimensional advection-dispersion equation. Individual
sources and sinks as well as computed concentrations are available model output.
The model simulates fate and transport of water temperature, arbitrary conservative
and non-conservative constituents, dissolved nitrogen, dissolved phosphorus,
algae, CBOD, and dissolved oxygen. In order to run the water quality model, a
working, calibrated HEC-RAS unsteady or steady flow model must already be in
place. (HEC)
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Water Quality Data Entry =

& Water quality constituents
® Temperature modeling
® Nutrient modeling
» Regquires temperature modeling
m Arbitrary constituent modeling
» Independent of temperature and nutrient modeling
@ Water quality data
® Changes based on modeling technique used
® Boundary conditions
& [nitial conditions
® Observed data

The model organizes constituents and sources and sinks into three major groups.
Temperature modeling computes heat energy sources and sinks and water
temperature. Nutrient modeling simulates nutrients, dissolved oxygen, CBOD, and
algae. Because most of the rate constants in the nutrient model are temperature
dependent, nutrients may not be modeled unless water temperature is also
simulated. Arbitrary constituents are simple tracers, configured by the user.
Arbitrary constituents are independent of water temperature and nutrients. (HEC)

Optional Capabilities (rev. 8/05)
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Water Quality Analysis

® Run steady flow model

® Enter necessary water quality
parameters

® Click on the Water Quality
Analysis button

Water Quality Analysis Window:

1. Select appropriate hydraulic plan

2. Select appropriate water quality data file

3. Select appropriate steady flow profile to be used in the analysis
4

. Enter a starting and ending time information (not constrained by hydraulic model
because a steady model is used)

5. Hit the compute button
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Viewing Water Quality
Results

@ Water quality spatial plots

Spatial results along the channel

Optional Capabilities (rev. 8/05)
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Viewing Water Quality
Results

@ Water time series plots

s i e st

Time series of results at a particular location.

Optional Capabilities (rev. 8/095) 39




introduction to
Unsteady Flow Modeling
with HEC-RAS

e Objective: This lecture will show you
the basics of creating and running a
RAS unsteady flow model.

o n This lecrure was originall developod by the staf? and enginecrs at

g,i*"‘ﬁ“ the US Army Corps of Engineers Hyvdrologic Engineering Center
(HEC).
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Topics to Discuss
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e Overview

e Geometric data

e Unsteady flow data
= Boundary and initial conditions

e Hydraulic property tables

¢ Unsteady flow simulation manager
s Creating an unsteady sinulation

® Post-processor

e Additional graphics/tables to view results

[§]
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e Same geometry for steady and unsteady flow

e Simple dendritic streams to complex networks
can be modeled

e Same hydraulic structures for steady and
unsteady flow

e Capable of modeling a wide variety of hydraulic
structures (e.g., bridges, culverts, levees, etc.)

e Uses the UNET equation solver (Dr. Robert
Barkau)

= Relatively fast matrix solver

A key element in the design and development of HEC-RAS was to ensure that the
same hydraulic calculation routines were used for both steady and unsteady flow
computations (HEC). HEC reports that the matrix solver is relatively fast when
compared to FLDWAVE and DWOPER (Apr. 2001 course notes). RUNUNET, a
Windows interface. is available to run UNET from Windows 95, 98 or NT. See
RAS User’s Manual, April 2001, Chapter 10.2 (WEST 05.02.02)

(U8}
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Gecimetric Data Editor

e Geometry is
entcred in the
same way for
steady or unsteady
flow models

e Additional data V.
may be required : LN

Snohomish River,
Washington

The same Geometric Data files can essentially be used interchangeably between a
steady flow and unsteady flow model. For example, storage areas can be used in a
steady flow model and will have a constant computed water surface elevation.
However, the user needs to have full understanding of how to construct an unsteady
flow model and the implications of the different modeling methods (e.g., permanent
vs. non-permanent ineffective flow areas) (WEST 05.02.02). Additional data may
also be required (e.g., HTab data) (WEST 07.09.03).
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Optional Geometric
Features
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e Storage areas

e Storage area
connections

@ Inline and lateral
structures

e Time or elevation
controlled gates

® Bridges and culverts

e Pumps

All of the existing hydraulic analysis fatures in the previous steady flow versions
of HEC-RAS work within the new unsteady flow computations. The following new
features were added to work with unsteady flow, but they also work in the steady
flow simulation: lateral structures; storage areas (used to model areas of ponded
water): storage area connections (used to exchange water between storage areas, or
between a storage area and a river reach) (HEC).
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Unsteady Flow Editor - WEST

Boundary Conditions U SRR

e Flow and stage hydrographs

= Data can be entered manually or specified from
a DSS file

@& Nornml depth cmd ratmo curves
TR N R

M:M“_.Lm i iy i e i

R S e e

The user is required to enter boundary conditions at all of the external boundaries of
the system, as well as any desired internal locations, and set the initial flow and
storage area conditions in the system at the beginning of the simulation period. Flow
and stage data can be entered manually in a quick and efficient manner within the
Unsteady Flow Data Editor. Data can be copied and pasted to and from
spreadsheets such as Microsoft Excel, or interpolated between specified values. The
specifics of each option are discussed in detail in the RAS User’s Guide, January
2001, and covered in a later lecture (WEST 05.02.02).
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internal Boundary WEST
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ILateral inflow to a2 node

@ Uniform lateral inflow along a reach
e Groundwater interflow

= Head specified over time and independent of
river stage

Time series of gate openings
Elevation controlled gate

Navigation dams

Internal observed internal stage and/or flow
hydrograph

Options for external boundary conditions are: stage hydrograph, flow hydrograph,
combined stage and flow hydrograph (e.g., results from a forecast model where
stage is observed until the beginning of the forecast time when flow 1s simulated),
rating curve, or normal depth. The items in this figure are for internal boundary
conditions.
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Initial Conditions
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e Initial conditions must be established for the
entire system by either:
» Specifying flows for each branch; RAS then

calculates the stages through a steady state

simulation

= Read in flow and stage at every node from z
previous run (i.e., a “restart” file)

Initial flows and stages are required to begin the unsteady flow calculations. One
option is to use standard step backwater calculations are used to calculate the initial
stages in the system from the user entered flows. Initial stages are set by the user
for storage areas. In addition, a “restart” file can be used instead (this is often called
a “hotstart” file). From the Unsteady Flow Analysis Editor, select Options, then
Output Options to set the restart file options. Restart files have the extension *.rst
(WEST 05.02.02).
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Unsteady Flow Simulation M"YEST
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e Geometric pre-processor
s Processes geometric data into a series of
hydraulic property tables
e Unsteady flow simulation
s Performed using a modified version of UNET
@ Post-processor

= Computes detailed hydraulic information




Geometric Pre-processor

== @ For unsteady flow, geometry is pre-
- =  processed into tables (“HTab Param.”
: button) and rating curves
= Cross sections are processed into tables of
area, conveyance, and storage
= Bridges and culverts are processed into a
family of rating curves for each structure

s Structure and gated structure data are not
determined prior to the simulation

x Geometric pre-processor results can be
£ viewed in graphs and tables

The geometric pre-processor is used to process the geometric data into a series of
hydraulic properties tables, rating curves, and families 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 (HEC). The “HTab Param.” button in the Geometric
Data Editor shown in this slide is used for editing cross section hydraulic table
parameters. The starting elevation, increment, and number of points are specified in
the cross section HTab Editor. There is a similar button in the Bridge/Culvert Data
Editor. Structures and gates could have an endless number of curves based on the
variation of upstream and downstream head as well as various gate openings.
Therefore structure and gated structure hydraulic tables are not determined in the
geometric pre-processor. See the next slide for discussion on the hydraulic table
parameters and plots (WEST 06.07.02).
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Plot of the Hydraulic
Property Tahlas
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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). The user 1s 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 too large, the tables will not have
enough detail to accurately depict changes in area, conveyance, and storage with
respect to elevation (HEC).
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Hydraulic Property Tables
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Clicking the “Table” tab will show the hydraulic property table data (WEST
06.07.02).
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Bridge Hydraulic Properties ™"
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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 (HEC).
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Creating an Unsteady ReEsT
Simulation

e Geometric Data Editor

m Create geometry and add structures
¢ Unsteady Flow Editor

m Specify boundary and initial conditions
e Unsteady Flow Analysis Editor

m Create a plan




4. Set the computation —
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Unsteady Flow Analysis [y
Editor
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Once all of the geometric 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 (a
tool button is also available). 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). The unsteady flow
simulation is actually a three step process. First, a program reads data from a HEC-
DSS file and converts it into the user specified computation interval. Next, the
UNET program runs. UNET reads the hydraulic properties tables computed by the
geometric pre-processor, as well as the boundary conditions and flow data. The
program (UNET) then performs the unsteady flow calculations. The final step takes
the results from the UNET unsteady flow run and writes them to a HEC-DSS file
(HEC).

Barkau, R.L. (1992). UNET, one-dimensional unsteady flow through a full network
of open channels, computer program, St. Louis, MO.

-
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e Stage and flow output locations

Flow distribution locations

e Flow roughness change factors
@ Seasonal roughness change factors
e Additional output options

s Write restart file

s Debugging level output file

e Calculation options and tolerances

These options are all accessed from the Unsteady Flow Analysis Editor, under
Options (WEST 05.02.02). Default locations for stage and flow output
hydrographs are the upstream and downstream ends of every reach and at bounding
sections of structures (e.g., bridges and structures). Flow roughness change factors
are set in calibration (April 2001 course notes).

Additional simulation options include unsteady encroachments, dam (inline
structure) breach, levee (lateral structure) breach, and mixed flow options. These
options are discussed in a later lecture (WEST 12.19.03).
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This editor is used to set a number of options and tolerances for unsteady flow
modeling, which are discussed in Chapter 8 of the RAS User’s Manual. as well as in
detail in later lectures. Briefly. theta is a stability factor. which can be set to 1 (most
stable, least accurate) for initial simulations and then preferably lowered towards
0.6 (least stable, most accurate) for final simulations. Computation tolerances are
set in this editor (you may want to temporarily increase the tolerance values if you
are having trouble successfully completing a simulation, and then return to the
lower values once the stability issues have been corrected) as well as factors
affecting structure and spillway computations (WEST 06.07.02). Structure decay
exponents are used to stabilize highly submerged structures and should range
between 1 and 3 (personal communication with HEC on 05.30.02).

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 internal bridge sections (}éEC).
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The computation time interval must be equal to or less than the time step manually
entered at the boundary condition. For example, the computation interval must be
15 minutes or less, if flow data at an upstream boundary are entered at 15 minute
intervals. If this rule is broken, the warning message “Boundary condition interval
is less than the computation interval” appears in the Unsteady Flow Analysis Editor
(HEC).
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® Used to compute detailed hydraulic information
for a set of user-specified time lines and an
overall maximum watcr surface profile

e Computed stages and flows are passed to the
steady flow program for the computation of
detailed hydraulic results

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
UNET program only computes 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. When the post-
processor runs, the program reads from HEC-DSS the maximum water surface
profile (stages and flows) and the insta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>