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Introduction

The hydraulic modeling is the application of fluid dynamic to simulate the
movement of water. Hydraulic models are applied to determine the extent of a
floodplain and probability of a flood occurrence.

By 2D hydraulic model, we can determine what would happen if, for instance, the
dam failed and given that information how far the extent of the flood inundation
goes, how fast the floodwave propagates, thus we can prepare evacuation maps,
emergency action plans, etc. On the other hand, the 1D models, cannot determine
the direction of flow, where the floodwave goes, and this is based upon the
engineers judgment to address these unknowns. The 1D models can be useful in
domains having confined corridors, steep valleys, etc., while 2D models are
considered to be more practical in flat terrain, highly urbanized area where
floodwave flowing around the buildings and through roads in various directions.

2D hydraulic models have been around for over 15-20 years, however, the real
problems that consulting firms and municipalities have not been using the 2D
modeling software were due to difficulties of setting up the 2D models and lack of
required information, e.g. terrain models, landcover variation, etc., while setting
up the model.



Introduction

HEC-RAS 2D software developed by Hydrologic Engineering Center of U.S. Army Corps of
Engineer is an free advanced two-dimensional flow simulator and hydraulic analyst where
allows user to perform 2D and combined 1D/2D unsteady flow routing.

The 2D flow simulation by HEC-RAS 2D can be performed in number of ways. The following

are examples:

e Detailed 2D channel modeling

e Detailed 2D channel and floodplain modeling

 Combined 1D channels with 2D floodplain areas

* Combined 1D channels/floodplains with 2D flow areas behind levees

* Directly connect 1D reaches into and out of 2D flow areas

* Directly connect a 2D flow area to 1D Storage Area with a hydraulic structure

* Multiple 2D flow areas in the same geometry

e Directly connect multiple 2D flow areas with hydraulic structures

* Simplified to very detailed Dam Breach analyses

e Simplified to very detailed Levee Breach analyses

* Mixed flow regime. The 2D capability (as well as the 1D) can handle supercritical and
subcritical flow, as well as the flow transitions from subcritical to super critical and super
critical to subcritical (hydraulic jumps).



Objectives of This Workshop

Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

Required geophysical and flow information for setting up HEC-
RAS 2D models

Overview of how to set-up a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output
capabilities



Study Domain

Location:
Bald Eagle Creek, Pennsylvania

Existing Structures:
Dam, Levee, man-made and/or
geophysical Obstructions

Required Operating Systems:
Windows XP, Vista, 7, 8, 8.1, and
10 both 32-bit and 64-bit
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1.

Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

HEC has added the ability to perform two-dimensional (2D)
hydrodynamic routing within the unsteady flow analysis portion of
HEC-RAS.

Users can now perform one-dimensional (1D) unsteady-flow
modeling, two-dimensional (2D) unsteady-flow modeling (Saint
Venant equations or Diffusion Wave equations), as well as
combined 1D and 2D unsteady-flow routing.

2D flow modeling is accomplished by adding 2D flow area elements
into the model in the same manner as adding a storage area.

A 2D flow area is added by drawing a 2D flow area polygon;
developing the 2D computational mesh; then linking the 2D flow
areas to 1D model elements and/or directly connecting boundary
conditions to the 2D areas.



1. Introduction to HEC-RAS 2D and two dimensional modeling
advantages r6|ative to 1D mOdels Different Association of 1D f_%?r;Geometries

Levee Structures

* The 2D flow modeling algorithm
in HEC-RAS has the following
capabilities:

a) Can perform 1D, 2D, and combined 1D

and 2D modeling.

b) Saint-Venant or Diffusion Wave Equations

in 2D.
c) Implicit Finite Volume Solution Algorithm.
d) 1D and 2D Coupled Solution Algorithm.
e) Unstructured or Structured
Computational Meshes.

f)  Detailed Hydraulic Table Properties for 2D
Computational Cells and Cell Faces.

g) Detailed Flood Mapping and Flood
Animations.

h)  Multi-Processor Based Solution Algorithm
(Parallel Computing).

i)  64-Bit and 32-Bit Computational Engines.
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1. Introduction to HEC-RAS 2D and two dimensional modeling
advantages I'E|ative to 1D mOdels Different Association of 1D - 2D Geometries

* The 2D flow modeling algorithm
in HEC-RAS has the following

Levee Structures

capabilities:
a) Can perform 1D, 2D, and combined 1D
and 2D modeling. Dam
b) Saint-Venant or Diffusion Wave Equations
in 2D. 2D / 2D Area Connection

upstream and downstream of a
dam structure
Coarse resolution grid cells

c) Implicit Finite Volume Solution Algorithm.

d) 1D and 2D Coupled Solution Algorithm.

e) Unstructured or Structured
Computational Meshes.

f)  Detailed Hydraulic Table Properties for 2D
Computational Cells and Cell Faces.

g) Detailed Flood Mapping and Flood
Animations.

h)  Multi-Processor Based Solution Algorithm
(Parallel Computing).

i)  64-Bit and 32-Bit Computational Engines.
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o * fine resolution grid cells



1. Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

* The 2D flow modeling algorithm
in HEC-RAS has the following
capabilities:

f)

g)

h)

Can perform 1D, 2D, and combined 1D
and 2D modeling.
Saint-Venant _ or
Equations in 2D.
Implicit Finite Volume Solution Algorithm.
1D and 2D Coupled Solution Algorithm.
Unstructured or Structured
Computational Meshes.

Detailed Hydraulic Table Properties for 2D
Computational Cells and Cell Faces.
Detailed Flood Mapping and Flood
Animations.

Multi-Processor Based Solution Algorithm
(Parallel Computing).

64-Bit and 32-Bit Computational Engines.
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Unsteady, advection, turbulence, and Coriolis
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* The 2D flow modeling algorithm
in HEC-RAS has the following
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and 2D modeling.

b) Saint-Venant or  Diffusion Wave
Equations in 2D.
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1. Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

* The 2D flow modeling algorithm
in HEC-RAS has the following
capabilities:

f)

g)

h)

Can perform 1D, 2D, and combined 1D
and 2D modeling.
Saint-Venant or Diffusion Wave Equations

[

in 2D.

Implicit Finite Volume Solution <
Algorithm.

1D and 2D Coupled Solution Algorithm.
Unstructured or Structured

Computational Meshes.

Detailed Hydraulic Table Properties for 2D
Computational Cells and Cell Faces.
Detailed Flood Mapping and Flood
Animations.

Multi-Processor Based Solution Algorithm
(Parallel Computing).

64-Bit and 32-Bit Computational Engines.

The implicit solution algorithm
allows for larger computational
time steps than explicit methods.

The Finite Volume Method provides
an increment of improved stability
and robustness over traditional
finite difference and finite element
techniques.

2D flow areas can start completely
dry, and handle a sudden rush of
water into the area.

Additionally, the algorithm can
handle subcritical, supercritical, and
mixed flow regimes.
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* The 2D flow modeling algorithm
in HEC-RAS has the following

capabilities:
a) Can perform 1D, 2D, and combined 1D
and 2D modeling.
b) Saint-Venant or Diffusion Wave Equations
in 2D.
c) Implicit Finite Volume Solution Algorithm.

(-

d) 1D and 2D Coupled Solution Algorithm.

2D flow computational area

T s

Levee Structures

The 1D and 2D solution algorithms
are tightly coupled on a time step
by time step basis with an option to
iterate between 1D and 2D flow
transfers within a time step.

For Instance, consider a river that is
modeled in 1D with the area behind
a levee is modeled in 2D
(connected hydraulically with a
Lateral Structure). Flow over the
levee (Lateral Structure) and/or
through any levee breach s
computed with a headwater from
the 1D river and a tailwater from
the 2D flow area to which it is
connected. The weir equation is
used to compute flow over the
levee and through the breach.
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[ - The software was designed to use
unstructured computational meshes, but
can also handle structured meshes.

- This means that computational cells can
be triangles, squares, rectangles, or even
five and six- sided elements (the model
is limited to elements with up to eight
sides). The computational mesh does
not need to be orthogonal but if the
mesh is orthogonal the numerical

Yo

discretization is simplified and more
efficient.
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<

[

Within HEC-RAS, computational cells do
not have to have a flat bottom, and cell
faces/edges do not have to be a straight
line, with a single elevation.

Instead, each Computational cell and cell
face is based on the details of the
underlying terrain.

HEC-RAS has a 2D flow area pre-
processor that processes the cells and
cell faces into detailed hydraulic
property tables based on the underlying
terrain used in the modeling process.

This type of model is often referred to in
the literature as a “high resolution
subgrid model” (Casulli, 2008).
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* The 2D flow modeling algorithm

in HEC-RAS has the following
capabilities:
Can perform 1D, 2D, and combined 1D
and 2D modeling.
Saint-Venant or Diffusion Wave Equations
in 2D.
Implicit Finite Volume Solution Algorithm.
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Unstructured or Structured
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Detailed Hydraulic Table Properties for
2D Computational Cells and Cell Faces.
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Multi-Processor Based Solution Algorithm
(Parallel Computing).
64-Bit and 32-Bit Computational Engines.

<

- For an example, consider a model built
from a detailed terrain model (2ft grid-cell
resolution) with a computation cell size of
200x200 ft. The 2D flow area pre-processor
computes an elevation-volume relationship,
based on the detailed terrain data (2ft grid),
within each cell.

[

Cell Com

Cell Face

Time Series Plots
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[-

The cell computational centers are the
locations where the water surface
elevation is computed for each cell.

Each cell face is a detailed cross section
based on the underlying terrain below
the line that represents the cell face.

Cell Com

Cell Face

Time Series Plots
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A cell can be partially wet with the
correct water volume for the given water
surface elevation (WSEL).

Each computational cell face is evaluated
similar to a cross section and is pre-
processed into detailed hydraulic
property tables (elevation versus -
wetted perimeter, area, roughness,
etc...).

The flow moving across the face
(between cells) is based on this detailed
data.

A small channel that cuts through a cell,
and is much smaller than the cell size, is
still represented by the cell’s elevation
volume relationship, and the hydraulic
properties of the cell faces.

Additionally, the placement of cell faces
along the top of controlling terrain
features (roads, high ground, walls,
etc...) can further improve the hydraulic
calculations using fewer cells overall.
(application of breakline)
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<

[ - Mapping of the inundated area, as well
as animations of the flooding can be
done inside of HEC-RAS using the RAS
Mapper features.

- The mapping of the 2D flow areas is
based on the detailed underlying terrain.

BN HEC-RAS 503 o | ®|[=
File Edit Run Vie Options  GIS Tools Help
STTEISEEE e ) S EC N ™ |
Project: [Bald Eagle Creek Example Dam BreaW - k:\...\D UnsteaWdrauhcs\Ba&dEagIeCrkMu\hZD\BaIdEagIeDamBrk,pq i]
Plan: | |
Bald Eagle Multi 20 A}a( e:\....\2D Unsteady Flow Hydraulics\BalaEsgleCrkMulti2D \BaldEagleDamBrk.g06
Steady Flow: | |
od Event - 2D Leve Structure k:\....\2D Unsteady Flow Hydraullcs\EaidEagleCrkMu!uZD\BaaﬁanleDamBrk,
ited States Army Corps of Engineers has granted access to the information in this model for instructional

uo1
B J|UWM5
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* The 2D flow modeling algorithm

f)

g)

h)

in HEC-RAS has the following
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Can perform 1D, 2D, and combined 1D
and 2D modeling.

Saint-Venant or Diffusion Wave Equations
in 2D.

Implicit Finite Volume Solution Algorithm.
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Unstructured or Structured
Computational Meshes.

Detailed Hydraulic Table Properties for 2D
Computational Cells and Cell Faces.
Detailed Flood Mapping and Flood
Animations.
Multi-Processor Based

[

Algorithm (Parallel Computing).
64-Bit and 32-Bit Computational Engines.

Solution <

- The 2D flow area computational solution
has been programmed to take advantage of
multiple processors on a computer (referred
to as parallelization), allowing it to run
much faster than on a single processor.

Speedup

P

Figure 4-5. Number of processor cores vs. computational speed.
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\

- The 2D flow area computational solution
has been programmed to take advantage of
multiple processors on a computer (referred
to as parallelization), allowing it to run
much faster than on a single processor.

2D model made over larger area
2D model having the most geometrical details
and specmcatlonsS

peedup

Figure 4-5. Number of processor cores vs. computational speed.

* 2D model made over smaler area
2D model having the least geometrical details
and specifications
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-

Engines.

- HEC-RAS now comes with both 64 bit
and 32-bit computational engines. The
software  will use the 64-bit
computational engines automatically if
installed on a 64-bit operating system.

- The 64-bit computational engines run
faster than the 32-bit and can handle
much larger data sets.



Objectives of This Workshop

Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

Required geophysical and flow information for setting up HEC-
RAS 2D models

Overview of how to set-up a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output
capabilities



2. Required geophysical and flow information for setting up HEC-
RAS 2D models

* Define a project:

C-RAS5.0.3 (=)= =]
[FI|& Edit Run View Options GISTools Help

e o ey I e WA R P e B B s s A P 2] sl Fiall
Project

PBald Eagle Creek Example Dam Break Study ic:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.prj Q‘
| [

Plan:

Geometry: Bald Eagle Multi 2D Areas kc:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.g06
Steady Flow: [

Unsteady Flow: I1§(2 Flood Event - 2D Leve Structure k:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.ud 1
Description : IThe nited States Army Corps of Engineers has granted access to the information in this model for instructional

= J |US Customary Units

N\

Yy Sy Sy Sy Sy Sy SRy S Sy Sy g Sog g S Sy Sy Sy S Sy Sy Sy S g gy SEp Uy Sy Ry Sy S Sy Sy Sy SRSy gy gy gy Sy S Sy STy Sy Sy Y SRSy S S
% HEC-RAS 5.0.3 New Project
v Edit Run View Options GISTools Help Title File Name Selected Folder ~ Default Project Folder Documents
: New Project ... L | pri C:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D _test
________ ~
Open Project ... N TestProj TestProj.prj ey
i N {3 Users
Save Project SO - Eyshahab
S Proiect As ... ~ (¥ Documents
ave Project As SO {_JHEC Data
Rename Project Title ... S {YHEC-RAS
- ~ {_JExample Projects - Training
Delete Project ... > {23 2D Unsteady Flow Hydraulics
Project Summary ... BaldEagleCrkMulti2D_test
(_JLandCover
Import HEC-2 Data ... (Terrain
Import HEC-RAS Data ...
Generate Report ...
Export GIS Data ...
Export to HEC-DSS ... oK Cancel Help Create Folder .. | I =T 3
Restore Backup Data iSet drive and path, then enter a new project title and file name.
Debug Report (compress current planfiles)... | === - - - - - - SSS S S S S S S S S S S SSES S SS S S S SEEEesee
Exit




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

* Establish a Horizontal Coordinate Projection to use for your
model, from within HEC-RAS Mapper:

If the data is in a specific spatial coordinate
projection, that projection should be set in RAS
Mapper.

You can set the mapping projection based
B RS Mapper upon the projection (existing *.prj ESRI
fle | ol projection file) of a shapefile, raster, etc.

Set Projection for Project ... [~ @ G

Spatial Reference Projection File

=T Web Imagery .2 1
+-(V New Terrain ...
SR Add Map Layers ...

New Land Cover ...

ESRI Projection File (*.prj): C:\Users\shahab\Documents\HEC Data\HEC-RAS\Example Projects - Training\2D

Manage Results Maps ... PROJCS["NAD_1983_StatePlane_Pennsylvania_North_FIPS_3701_Feet" GEOGCS
. ['GCS_North_American_1983".DATUM['D_North_American_1983".SPHEROID
{ ] RenderMode Options ] ['GRS_1980",6378137.0,298.257222101]).PRIMEM["Greenwich".0.0). UNIT
Show Legend ["Degree”,0.0174532925199433]] PROJECTION["Lambert_Conformal_Conic"],PARAMETER
Show Profile Lin Distance ["False_Easting”,1968500.0],PARAMETER["False_Northing",0.0]PARAMETER["Central_Meridian" -77.75],PARAMETER
["Standard_Parallel_1",40.88333333333333] PARAMETER["Standard_Parallel_2".41.95] PARAMETER
["Latitude_OF_Origin"40.16666666666666],UNIT["Foot_US".0.3048006096012152]]

|

-‘ Import NLD ...
‘ P

]

g

’ oK H Cancel ‘

Once spatial references are set
and assigned, a summary of the
their geospatial information will
be highlighted.




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

* Developing a Terrain Model for use in 2D Modeling and Results Mapping:

- It is absolutely essential to have a detailed and accurate terrain model in order to create a
detailed and accurate hydraulics model. The quality of the terrain data can be a limiting
factor in the quality of the hydraulics model the user can create.

- HEC-RAS uses gridded data for terrain modeling.

- It 1s necessary to create a terrain model in HEC-RAS Mapper before the user can
perform any model computations that contain 2D flow areas, or before the user can
visualize any 1D, 2D, or combine 1D/2D mapping results.

Eﬁ RAS Mapper
File | Tools | Help

If you have not established a Horizontal

Set Projection for Project ... s 1) we ", H 0 0 o =

e j b ® @ Coordinate Projection yet, then this will pop-up
7 Web Imagery ... 1
+-[V New Terrain ... :
= Add Map Layers ... HEC-RAS Spatial Reference System

New Land Cover ...

It is recommended that the Project Spatial Reference System (SRS) be
| import NLD .. ' set before creating GIS data, Would you like to set the gRS now?

ey Manage Results Maps ...

Click 'Yes' to jump to the dialog where the ESRI Projection file (*.prj) file

Render Mode Options is set, or 'no’ to go directly to the terrain creation dialog.

¥ | Show Legend

24 | Show Profile Line Distance




2. Required geophysical and flow information for setting up HEC-

RAS 2D models

Developing a Terrain Model for use in 2D Modeling and Results Mapping:

1. RAS Mapper can import terrain data that is in the floating point grid format (*.flt);
GeoTIFF (*.tif) format; ESRI grid (*.adf) files;
2. Define the elevation precision of the new terrain data layer (Rounding [Precision] field,

1/32 is the default for English units)

3. This allows the user to provide a name for the new Terrain Layer (Filename field, the

default name is “Terrain”)

Eﬁ RAS Mapper
File | Tools | Help
Set Projection for Project ...
7 Web Imagery ... 1
+
Sy Add Map Layers ...
- New Land Cover ...
Import NLD ...
ey Manage Results Maps ...
Render Mode Options

[v'] Show Legend

[v] Show Profile Line Distance

If you have not established a Horizontal

bHOR x

New Terrain Layer

Input Termain Files
‘+ Filenam: e

Proje:

ction Cell Size Roun

ding

Output Terrain File

Rounding (Precision)

Filename

[1/32

b4 ‘

V| Create Stitches

C:\..\2D Unsteady Flow Hydraulics\BaldEagleCrikMulti2D_test\Temgin\

[ Create

J [

Cancel ‘

Coordinate Projection yet, then this will pop-up



2. Required geophysical and flow information for setting up HEC-
RAS 2D models

* Developing a Terrain Model for use in 2D Modeling and Results Mapping:

1. RAS Mapper can import terrain data that is in the|floating point grid format (*.flt);

GeoTIFF (*.tif) format; ESRI grid (*.adf) files;

2. Define the elevation precision of the new terrain data layer (Rounding [Precision] field,
1/32 is the default for English units)

3. This allows the user to provide a name for the new Terrain Layer (Filename field, the
default name is “Terrain”)

Eﬁ RAS Mapper New Terrain Layer
File | Tools | Help
Sét Projection for Project I e Ijln e e
) @& 2
el ‘ , R ‘+ Filenam e Projection Cell Size Rounding Info
Web Imagery ... 1 I
4|V ‘X
s 1
Sy Add Map Layers ... (+
New Land Cover ... (4
Import NLD ...
5 ] Manage Results Maps ... Output Terain File 3

V| Create Stitches

Rounding (Precision) ‘ 1/32

Render Mode Options

Filename C:\..\2D Unsteady Flow Hydraulics\BaldEagleCrikMulti2D_test\Temgin\Temain hdf ‘j

[v'] Show Legend

" Show Profile Line Distance { Crese ][ Cancel ‘

My suggestion is to turn all
Raster terrain files into *.tif
format first and then import
them as new terrain in RAS

Floating point grids consist of a main file with the *.flt file extension,
and they also have a *.hdr file, and possibly a *.prj file that goes

Y

along with it. Note: if the *.flt file is not in the same projection as

what has been set in RAS Mapper, then the user must have a *.prj MLETTXEE

file that describes the projection of the *.flt file).




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

* Developing a Terrain Model for use in 2D Modeling and Results Mapping:

1. The final “Terrain.hdf” can be made up of multiple “*.tif” images having different
spatial resolutions. Use the up and down arrow buttons to set the priority of the grid
layers. If one grid has more detail (finer resolution) than others, the user will want to
give it a higher priority for creating the combined Terrain Layer.

2. Highlights the projection of the uploaded the terrain data. If they have the projection
similar to the one assigned as general reference system then it would reported as
(Same as Project) which is the case for current example.

3. This allows the user learn about the cell size (spatial resolution) of the raster image.
The unit is based upon what that is set at the beginning of model set-up. Here it is in

English unit.

[ New Terain Layer | 4. Set”Rounding (Precision)”
s T P - 3 as “None” in order to keep
+] [ | Flename Poction | | Cell Sze Roundng o the terrain vertical
= e — resolution as it is.

"1 5. Once the Create button is

: ) pressed, RAS Mapper will

P = = 1 e s convert the grids into the

e T 2D Urstoady Fow Pydradhcs\BaEagleCMutiZD_fesTeram\Terai h 5 3 GeoTIFF (*.tif) file format.
Create Cancel




2. Required geophysical and flow information for setting up HEC-

RAS 2D models

Developing a Terrain Model for use in 2D Modeling and Results Mapping:

Once the GeoTIFF files are created, RAS
Mapper also creates a *.hdf file and a
*.vrt file.

The *.hdf (Hierarchical Data Format) file
contains information on how the multiple
GeoTIFF files are stitched together. The
*vrt (Virtual Raster Translator) file is an
XML file that contains information about
all of the raster files (*.tif).

The user can drag and drop the *.vrt file
onto an ArcGIS project and it will then
know about all of the raster files that
make up the terrain layer. Additionally,
they will have the same scale and color
ramp when they are plotted.

Note: After a Terrain data set is created, the
user will be able to display this terrain layer
as a background image in the HEC-RAS
geometry editor. Terrain layers, and any
other Map Layers developed in RAS Mapper
are available for display in the HEC-RAS
Geometry editor.



2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:

= One of the major problems in hydraulic modeling is that terrain data does not
often include the actual terrain underneath the water surface in the channel
region.

= Mapper can now be used to create a terrain model of the channel region from the
HEC- RAS cross sections and the Cross Section Interpolation Surface.

Importing Existing 1D Geometry Data

{_ Geometric Data Import Geometry Data
File | Edit Options View Tables Tools GISTools Help Intml River Reach Stream Lines | Cross Sections and I Nodes | Storae A 2D Flow A d Co tions |
New Geometry Data Jro|sarivtreal 20t | 20Acgy &;mn RS
Open Geometry Data R@iShs o | <1239
Save Geometry Data
y W The import data has been read into a temporary geometry structure and
SaveCeomety,Datalsl; now can be incorporated into the current geometry file. Step through the
Rename Geometry Title various tabs to select the desired import options. When all the appropriate
Delete Geometry Data options have been set, press the Finished - Import Data button.
Copy to Clipboard
Print ...
Import Geometry Dat » GIS Format ..
mport Geometry Data orma Current RAS project units: [US Customary Units
USACE Survey Data Format ...
Exit Geometry Data Editor HEC-RAS Format Import data as: (% US Customary units
"SI (metric) units
Storage HEC-2 Format ...
rea
UNET Geometry Format ... Import data will not be converted on import.
20Flow HEC Stream Alignment ...
Area
Mike 11 Cross Sections ... b
sAl2DArea CSV (Comma Seperated Value) Format ... ;
Conn 3
DD ER GML Format ...
| Next ‘ Finished - Import Data | Cancel |




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:
= One of the major problems in hydraulic modeling is that terrain data does not
often include the actual terrain underneath the water surface in the channel

region.
= Mapper can now be used to create a terrain model of the channel region from the

HEC- RAS cross sections and the Cross Section Interpolation Surface.
Importing Existing 1D Geometry Data

{_ Geometric Data Import Geometry Data
(File] Edit Options View Tables Tools GISTools Help {inira.] River Reach Stream Lines | Cross Sections and 18 Nodes | Storaae Areas/2D Flow Areas and Connections | I
New Geometry Data o ey B ”2:‘\" Sptgt"rgn RS | k
Open Geometry Data Regons | &> |<BH| Intro i River.Reach.Stream Lines.)| Cross Sections and IB Nodes | Storace Areas/2D Flow Areas and Connections |

Save Geometry Data

Save Gecmett Datalhe il The Impol;t B The river reach stream lines found in the file or generated while reading it are listed below. Check the reaches you want to import, an
r ) now Can De Iy, 5y existing stream lines are merged. (A range of reaches can be checked/unchecked with the space bar)
eeeee Geometry Title various tabs 1

Delete Geometry Data options have
c Cisboard Import File Import File Invert [Import As Import As Import |Import Merge Mode

opy to Clipboart
. p!y - River Reach #Points | River Reach Status |Stream Lines

nnt ...

Bald Eagle Loc Hav 591 Bald Eagle Loc Hav v Replace
Import Geometry Data 4 GIS Format ...
Current RAS project units:  [US Customary Units
Exit G try Data Edit USACE Survey Data Format ...
S comeny ooy Import data as: (¢ US Customary units

HEC-RAS Format ...
HEC-2 Format ...
UNET GeometyFormt .
HEC Stream Alignment ...
Mike 11 Cross Sections ...
CSV (Comma Seperated Value) Format ... b
GML Format ...

€SI (metric) units

] Next J Finished - Import Data ] Cuncel]




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:
= One of the major problems in hydraulic modeling is that terrain data does not
often include the actual terrain underneath the water surface in the channel

region.

= Mapper can now be used to create a terrain model of the channel region from the
HEC- RAS cross sections and the Cross Section Interpolation Surface.
Importing Existing 1D Geometry Data

¢ Geometric Data

Edit Options View Tables Tools GISTools Help

New Geometry Data
Open Geometry Data
Save Geometry Data

Save Geometry Data As ...
Rename Geometry Title
Delete Geometry Data

Copy to Clipboard
Print ...

Import Geometry Data >

Exit Geometry Data Editor

Storage
ﬁmlg
2DFlow
Area

SAl2DARea

D

Import Geometry Data

Tnr I River Reach Stream Lines | Cross Sections and IB Nodes | Storaae Areas/2D Flow Areas and Connections |

GIS Format ...

USACE Survey Data Forr
HEC-RAS Format ...
HEC-2 Format ...

UNET Geometry Format
HEC Stream Alignment
Mike 11 Cross Sections ,
CSV (Comma Seperated
GML Format ...

Node Types in Table
[V Cross Sections (XS)

[V Bridges and Culverts (BR/Culv)

[v Inline Structures (IS)

[V Lateral Structures (LS)

Check Existing

Reset |

Import River: | (All Rivers) v|ImportAs: [ #RS =189 #New= 189 #Import = 189
Import Reach: v|ImportAs: [ Check New |
The imported RS can be edited here, change the import River and Reach names on the previous tab
Import File Import File Import File Import As IImport IImport
River Reach RS RS |Status [Data
1|Bald Eagle Loc Hav 138154.4 138154.4 new 2
2(Bald Eagle Loc Hav 137690.8 137690.8 new v
3|Bald Eagle Loc Hav 137327.0 137327.0 new v
4|Bald Eagle Loc Hav 136564.9 136564.9 new 2
5|Bald Eagle Loc Hav 136202.3 136202.3 new v
6|Bald Eagle Loc Hav 135591.4 135591.4 new v
7|Bald Eagle Loc Hav 135068.7 135068.7 new v
8|Bald Eagle Loc Hav 134487.2 134487.2 new v
9|Bald Eagle Loc Hav 133881.0 133881.0 new v
10 (Bald Eagle Loc Hav 133446.1 133446.1 new v
11|Bald Eagle Loc Hav 132973.6 132973.6 new v
12| Rald Fanle | nc Hav 132363.8 132363.8 new v

Select Cross Section Properties to Import

[V Node Names

[V GIS cutLines

[V station Elevation Data
[V Reach Lengths

[V Manning's n Values

[V Bank Stations

[V Levees

[V Ineffective Areas

HTab Parameters

A7

Match Import File RS to Existing Geometry RS

Matching Tolerance  [.01 Match to Existing

Round Selected RS
2 decimal places v Round

Generate RS Based on main channel lenaths
(only available when looking at a single reach)

Starting RS Value: |0 2 decimal place v

Create RS in miles | Create RS in feet |

1

ow. Check the reaches you want to import, anc
with the space bar)

E s»élgrir\m Banfnla 20 Anga Pump RS |
nee (BreakUined Mannin |  Station [
ficianad @ Regi <1259 - = 5 H B = = =
il O Intro i.River.Reach.Stream Lings.i| Cross Sections and IB Nodes | Storaae Areas/2D Flow Areas and Connections |
[ Tho jrmnart I
Intro | River Reach Stream Lines .Gross.Sections.and J8.Nedes.i| Storace Areas/2D Flow Areas and Connections |

Import

Merge Mode

Stream Lines

v

Replace



2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:

= One of the major problems in hydraulic modeling is that terrain data does not
often include the actual terrain underneath the water surface in the channel

region.

= Mapper can now be used to create a terrain model of the channel region from the
HEC- RAS cross sections and the Cross Section Interpolation Surface.

Importing Existing 1D Geometry Data

_ Geometric Data
@ Edit Options
New Geometry Data

Open Geometry Data
Save Geometry Data
Save Geometry Data As ...
Rename Geometry Title

Delete Geometry Data

Copy to Clipboard
Print ...

Import Geometry Data

Exit Geometry Data Editor
(S22

Storage
ﬁr\lu

2DFlow
Area

SAl2DARea

Conn
Do

Save the geometry data immediately

View Tables

Tools GIS Tools Help
Ireal

20Anea

sAf20Areal 204
BC Lines. [BreakLines Mannn Sl-‘g;?gn it
Regions o | <125
GIS Format ...

USACE Survey Data Format/...
HEC-RAS Format ...
HEC-2 Format ...
UNET Geometry Foymat ..

HEC Stream Aligffment ...

Mike 11 Cross Sections ...

CSV (Commyh Seperated Value) Format ...
GML Forphat ...

after being imported

uuuuuuuu

::::::::

edmetric Data
ile Jdit Options

View Tables Tools GISTools Help

am 20freal 206ma | 20Arel

Breaklined Mannn

Regions

St Description :
toos Lump
o

rlow
@

River
Reach
=

.Dg 12 ]

=1 EER (%=

Plot WS extents for Profile:

I . _J [(none

) =

S
/

\\\\\

W\ 77un 7\
Borgk, 2ol
\6185%6.55
638725
070 7

83.63-”30 00 50—
3 569.53 \\
t’}%w 12 %
“§Tozo ov\

1994 27915001
4100657.3
ma:.‘bff
103384.0°

<36

10g¥es 0

108800.1
ogs7 s
olizgsey  LocHa
Mii4ded s
liet3
Qnsm
\1199 9
1217540
1274109
A137ebd 1201
133ss| o 1141\\
~135068.7
Hes649

/3'1 3154.4

21692633
5 §9258 §43293.710
120352 HY

A v4

3348368 2441773 b7
?@}3\\37\ RS 1678745
-35848 30

385.23

|
|

1970905.90, 356951.68




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:

= One of the major problems in hydraulic modeling is that terrain data does not
often include the actual terrain underneath the water surface in the channel
region.

= Mapper can now be used to create a terrain model of the channel region from the
HEC- RAS cross sections and the Cross Section Interpolation Surface.

. o g < ) — =
Importing Existing 1D Geometry Data e ESREe o
File Edit Options View Tables Tools GISTools Help
) Tools  River am ge mrl am Clam Byzen‘m:y 20Anea Pump RS Defcription : Plot WS extents for Profile:
_ Geometric Data BN R_)h -9 .Dﬁ iy Fr\;agr:::s St%. m [ - ;“(none) =l
File | Edit Options View Tables Tools GISTools Help Jorot
unc | I
New Geometry Data o2 sAz0aneal 200rea | 20Acem Pump RS . L] /
N Station T /
Open Geometry Data Fegions (05 Cross ’_2‘9_%679‘20 633
— Section . . . . 5 §9258 98¢
i e = Clicking this option would let the user TS R
Save Geometry Data As ... Brdg/Cul % 3W2m 151878745
] RN
Rename Geometry Title W to select layers to be shown as the slle
Delete Geometry Data sl:TéTﬁ,e . _%‘9’499_37
o
b d 42895.87
Copy o Clpboard = hankground image of the geometry o
:::::::: 2
Print ... . A\I7453.14
rint = ed Itor‘ ‘3‘9\2\23‘:9‘3(1577
Import Geometry Data > GIS Format ... ) s 77;;77 X~
@ 59795
Exit Geometry Data Editor R G e e STy ~6386||235?96 89
P HEC-RAS Format ... g“’“ 735042 07017
storage HEC-2Format.. | = \Xi ;706\1 %
rea a N
UNET Geometry Format Com, X75917.82
DD ER 76643.40 0
Dllow HEC Stream Alignment ... o 83.63 .u god oo 50—
Mike 11 Cross Sections ... b Station 835635 3\
ike ross Section { o) t’}%w o %
sAl2DArea CSV (Comma Seperated Value) Format ...
Com, F HTab “§Tozo ov\
DD ER GML Format ... | Param.
- ’ pVSW \01}695?7 279}6”‘
{
.;re ma:.‘bf
~103854.0%
<36
10g¥es 0
108800.1
A{10857 4
olizfsey  LocHa
Mii4ded s
g0t
4115300
\1199 9
Si21754.0
\A13febd1 274109
133ss| g
~135068.7
Hes649
/3'1 3154.4
-
ol I |
1970905.90, 366961.68




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:

=  From HEC-RAS Mapper, turn on the Geometry layer for the geometry data to be used in creating the
channel terrain model.

= Once the geometry layers are completed, the channel terrain model is created by right clicking on the
Geometry layer and selecting Export Layer, then Create Terrain GeoTIFF from XS’s (channel only).

HEC-RAS 5.0.3
File Edit Run View Options GISTools Help

% RAS Mapper
— £
|8 e[| ] A5|5n < = |2 A ] o -
Selected Layer: Rivers
Project: Bald Eagle Creek Example Dam Break Study K:\...\2D Unsteady Flow Hydra [ = 7 Geometries
o | | reek_Geom_Test
lan:
Geometry: Bald Eagle Multi 2D Areas k:\....\2D Unsteady Flow Hydrd j i;ﬂk e
Steady Flow: | | ZS«DovFaI
Unsteady Flow: [1972 Flood Event - 2D Leve Structure k:\....\2D Unsteady Flow Hydrd .
Description : II_ | JTXS " the information in this fl | - S rapLayer

V| Terrain50_baldeagledem

|| Storage Areas
- 12D Flow Areas

RAS Geometry Properties
Filename: C:\..\BaldEagleCrkMulti2D_test\GeometryData\TestProj.g01.hdf

Title: BaldEagleCreek_Geom_Test
Associated Layers
Terrain ‘ Temrain50_baldeagledem " I
Land Cover: [(None) v I

Visible Layers (uncheck to hide)

¥| Rivers
| Bank Lines
River Edge Lines
Junctions
V] XS
XS Interpolation Surfaces
V| Storage Areas
V] 2D Flow Areas
Break Lines
Manning's n Regions
Land Cover Manning's n

Messages| Views | Profile Lines |

Highlight entire hydraulic model limits




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:

=  From HEC-RAS Mapper, turn on the Geometry layer for the geometry data to be used in creating the
channel terrain model.

= Once the geometry layers are completed, the channel terrain model is created by right clicking on the
Geometry layer and selecting Export Layer, then Create Terrain GeoTIFF from XS’s (channel only).

HEC-RAS 5.03
File Edit Run View Options GISTools Help 5 7o Vopper
= so o oo
@18 o= =] i) 2Ll ool -
Selected Layer.
Project: Bald Eagle Creek Example Dam Break Study Kc:\...\2D Unsteady Flow Hydral [ 7] Geometries
V| BaldEagleCreek_Geom_Test
Plan: | | J|Rivers
Geometry: Bald Eagle Multi 2D Areas F:\.\2D Unsteady Flow Hydrd | 7 Bank Lines
SteadyFlow: | I 7 necsltion Suacs
Unsteady Flow: [1972 Flood Event - 2D Leve Structure [c:\...\2D Unsteady Flow Hydrd L B Fllw. Areas
Description : Il_ J XS ¥ the information in this :::: :y“
' ’ V| Terrpins
I ' A ] rrain50_baldeagledem
f
| || Storage Areas

- 12D Flow Areas

RAS Geometry Properties
Filename: C:\..\BaldEagleCrkMulti2D_test\GeometryData\TestProj.g01.hdf

Title: BaldEagleCreek_Geom_Test
Associated Layers
Terrain ‘ Temrain50_baldeagledem " I
Land Cover: [ (None) v I

Visible Layers (uncheck to hide)
¥| Rivers

st o Check this
e Thisis the informati

Junctions
<\J] XS Interpolation Surfaces .
7120 Flom oee (along with the terr

Break Lines .
vemingsnfesirs — that is used to creat
the new channel

geom etry.
Highlight entire hydraulic modétimits

Messages| Views | Profile Lines |




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

Using Cross Section Data to Modify/Improve the Terrain Model:

From HEC-RAS Mapper, turn on the Geometry layer for the geometry data to be used in creating the

channel terrain mo

del.

Once the geometry layers are completed, the channel terrain model is created by right clicking on the
Geometry layer and selecting Export Layer, then Create Terrain GeoTIFF from XS’s (channel only).

File Edit

=[] <

HEC-RAS5.0.3

Run View

Options  GIS Tools Help

b = Y ey A A P A

—
Cit)

| ®| |H# 7| ]¥

Project:
Plan:
Geometry:
Steady Flow:

Bald Eagle Creek Example Dam Break Study

k:\...\2D Unsteady Flow Hydra} [ -

[

Bald Eagle Multi 2D Areas

k:\...\2D Unsteady Flow Hydral

I

[

Unsteady Flow: /1972 Flood Event - 2D Leve Structure

k:\...\2D Unsteady Flow Hydra)

Description : IThe United States Army Corps of Engineers has granted access to the information in this nf
Export Terrain @
Enter raster cell size

Insert output cell size values. [ ycal

/ (take care of the unit!)
|

= The terrain model is created
by taking the elevation data
from the cross sections and
using the interpolation surface
to interpolate an elevation for

each grid cell between two

€% RAS Mapper
File Tools Help

Selected Layer: BaldEagleCreek_Geom_Test

Bank lines generated in 117 ms

Messages| Views | Profile Lines|

Cross sections.




2. Required geophysical and flow information for setting up HEC-
RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:

=  From HEC-RAS Mapper, turn on the Geometry layer for the geometry data to be used in creating the
channel terrain model.

= Once the geometry layers are completed, the channel terrain model is created by right clicking on the
Geometry layer and selecting Export Layer, then Create Terrain GeoTIFF from XS’s (channel only).

B% HEC-RAS 503 =@ = w v
File Edit Run View Options GISTools Help a o =
— £ e [
& | B | (55|36 ¥m] A&l = E 2 =] A - b
— — b @@ i NG . e
Project: Bald Eagle Creek Example Dam Break Study k:\...\2D Unsteady Flow Hydra} 7] Gedmetries
Plan: | [ aldEagleCreek_Geom_Test
Geometry: Bald Eagle Multi 2D Areas k:\...\2D Unsteady Flow Hydra}
Steady Flow: I I §Z,‘:j;°j':;f“ Sufeces
Unsteady Flow: [1972 Flood Event - 2D Leve Structure ke:\....\2D Unsteady Flow Hydrg) 20 Flow Areas p P
Description : IThe United States Army Corps of Engineers has granted access to the information in this nf :: {:v“ c h a n n e I o n Iy P e
y rrain50_baldeagledem -
V] ferrin 50_20ft_Channel_Test [N
New Terrain Layer must /’
UL EEN NN SENN  NENN  NNNS NSNS BNNN  BNNN  SNN S ‘ ' ———————————
I New Terrain Layer I
Input Terain Files
I w Filename Projection Cell Size Rounding Info I
S rernso_Crarmel_Test 2t SameasProiec) 20 tove ___ IFH I
| @ '
| ® '
| L ~
Output Terain File I
I Rounding (Precision): | None v [V] Create Stitches
| Filename CA\..\2D Uneteady Flow Hydraulics\BaldEagleCtkMuli2D_test\Terrain\Terrain50_20ft_Channel_Test hdf I
I [ Create ] | Cancel ] I
L




2. Required geophysical and flow information for setting up HEC-

RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:
= Let’s create combined Channel and Overbank terrains

HEC-RAS5.0.3 (o] @ |[= ]
File Egik Options  GIS Tools Help
m — Y Geometric Data - BaldEagleCreek_Geom _Test =% R ===
_| X( y cm' P4 |}§\| K |2§_ Vl%'%llﬁl‘&’“/_\l File Edit Options View Tables Tools | GIS Tools | Help
F-Id . . . = k W = Fi i Tools River | Storage ZEFInw sA120 Areal sABrénLnre: Bzoam 20Anea. Pump ~ Desmpnon:
ject: ald Eagle Creek Example Dam Break Stu :\...\2D Unsteady Flow Hydraulics' Reach g, Com inee (SeaRLTeY Madnin staﬂon
Project: gl pl y y y | D | i | e ﬁ 5" 4 @
Plan: [ | -
Junet.
Geometry: PBald Eagle Multi 2D Areas k:\...\2D Unsteady Flow Hydrauics\B| @ /
Steady Flow: | | ’Suolss o 42; ;679‘20 633
ectior
Unsteady Flow: /1972 Flood Event - 2D Leve Structure k:\...\2D Unsteady Flow Hydraulics\B|| M |2035 22“*
Description : IThe United States Army Corps of Engineers has granted access to the information in this model f} %
g nine '7732_5 2
tructure 30486737
Existing XS data are comprising | -
Structure .\{‘7:‘_ 3%
= LW\ETIETY
- 1115392253
detailed channel + overbank & e
@ | Bor8t3d
\018%6.88
Eorlesy ~5%812 )
070717
bed-geometry data & S
SAl20Area)
- \75917.82
R | 43.40
= Cross Section Data - BaldEagleCreek_Geom_Test [fol-@- =) 2663,41 }ou’sn“ ““)’
" . N
Exit Edit Options Plot Help N §E\l§9§\\
~87851:12
; P v . %
River: - Nz~ Plot Options [~ Keep Prev XS Plots Clear Prev | [V Plot Terrain (if available) ~ Cut from Terrain SN
Reach: |Loc Hav ﬂ River Sta.:|83563.41 J J J TestProj Plan -
4360.01
Description I J | | | LY( N
DelRow | InsRow | Downstream Reach Lengths 740 08 f 04 I 1)| v 3 |
[ toB | Channel | egen
Cross Section Coordinates LOB Channel ROB
Staton _|_Elevation [o75.64  foss.s3 o352 Ground
__1/0 688 Manning's n Values 12) Bank Sta
411560 o L06 Channel Current Terrain
_3]1854 622 o.06 f0.04 fo.1
42680 675.52
Z 2700 676.11 Main Channel Bank Stations
62705 676.22 Left Bank Right Bank
7] 2750 676.8 f3505.01 [s904.47 _
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2. Required geophysical and flow information for setting up HEC-

RAS 2D models

e Using Cross Section Data to Modify/Improve the Terrain Model:

= Let’s create combined Channel and Overbank terrains

HEC-RAS 5.0.3

File Edit Run View Options GISTools Help

LIRS AP (K] wCal =k

Project: Bald Eagle Creek Example Dam Break Study k:\...\2D Unsteady Flow Hydra}
Plan: | |
Geometry: Bald Eagle Multi 2D Areas k:\...\2D Unsteady Flow Hydra}
Steady Flow: l |

Unsteady Flow: /1972 Flood Event - 2D Leve Structure ke:\....\2D Unsteady Flow Hydra)

Description : IThe United States Army Corps of Engineers has granted access to the information in this nf

rrain50_baldeagledem
rrain50_20f_Channel_Test
_20f_ChannelAndOve[ TN

New Terrain Layer must

be created
___________ N s .
New Terrain Layer
Input Temain Files
(] [ T Fiename Projection Cel Sze  Roundng Info
o | S = I N |
+
[+

Output Temain File
Rounding (Precision): 1/32 v | [] Create Stitches

Filename: C:\..\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D_test\Temain\Temain hdf

]

b @R x N i NG

Channel + Overbanks




Objectives of This Workshop

Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

Required geophysical and flow information for setting up HEC-
RAS 2D models

Overview of how to set-up a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output
capabilities



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Development of 2D computational mesh:

= The user will most likely select a nominal grid resolution to use (e.g. 200 x 200 ft cells), and the
automated tools within HEC-RAS will build the computational mesh.

= After the initial mesh is built, the user can refine the grid with break lines and the mesh editing tools.

= A background true color image of the natural topography (e.g. Google map) is really helpful in better

delineating 2D Computational mesh boundaries.

B% HEC-RAS5.03 o | @ |[= ‘
File Edit Run View Options GISTools Help
~ = |~ e % RAS Mapper (E=8 Eon =]
@8] |5 la] G| rbetial] # -2l fw [=i] it
L ) w2 - [® « »
Project: Bald Eagle Creek Example Dam §reak Study K \...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\Bal| S e e ony kOO®&xx o NG )
Plan: | |
Geometry: Bald Eagle Multi 2D Areas k:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D \Bal
Steady Flow: I [
Unsteady Flow: |1972 Flood Event - 2D Leve Strfcture k:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\Bal
Description : IThe United States Army Corps pf Engineers has granted access to the information in this model for instructional
A 4
RAS Mapper
File Tools Help
Selected Layer: BaldEagleCreek_Geom_Test hd @R x M privd
[ 57| Geometries —————————I
GDALWMS
V|Rivers I I
7]Bank Lines | Select WMS image server
7Ixs | O — | 8
V| XS Interpolation Surfaces @ | AcGIS NatGeo World|Map
Storage Areas I @ |Acais 0 B o I
20 Flow Areas
I @ AcGIS USA Topo Mags
Results @ | AcGIS World Imagery] I
v I @ AcGIS World Physical Map I
Terrains | o, Add mapdotaloyeley. o 1 @ AcGIS World i
V|Terrai L Add Web Imagery layer .. | @ | AcGIS World Street Map I
— e = = = =
Add new Land Cover layer .. I @ | AcGIS World Terrain Base I
Add existing Land Cover layer ... @ |AcGIS World Topo Mbp b
| Bing Satellite |
I Google Hybrid
Gooale Map I
1 I Google Satelite I I
Google Terrain Streets Water
| Google Terrain |
MapQuestOpenAerial
I Strocts I Messages) Views | Profile Lines]
I @ | NASA USDA NAIP Infared I
I /. | OpenStreetMaps ) I
Reprojection Resample Method:  near v
I 0K | [ Close I
L A EaE A Baa e ae e aae s o




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Development of 2D computational mesh:

= The user will most likely select a nominal grid resolution to use (e.g. 200 x 200 ft cells), and the
automated tools within HEC-RAS will build the computational mesh.

= After the initial mesh is built, the user can refine the grid with break lines and the mesh editing tools.

= A background true color image of the natural topography (e.g. Google map) is really helpful in better

delineating 2D Computational mesh boundaries.

B% HEC-RAS5.03 o | @ |[= \ .
Glemmekimmi Options _ GIS Tools _ Help J\(\ Geometric Data - BaldEagleCreek_Geom_Test2 =8 E=R <)
B"|E | Xy ;§|i|@| | £|,§.\|£|£|$| ’| V|J5|¢|Z|§|V_\ P E[ File Edit Options View Tables Tools GISTools Help ———
| i orage Plot WS extents for Profile:
Project: hid Eagle Creek Example Dam Break Study k:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkM Reach i é L -4 ¥ - JI(:one) Sl
Plan: | |
Geometry: SsiEaketlu 2t k:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkM
Steady Flow: I [
Unsteady Flow: |1972 Flood Event - 2D Leve Structure k:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkj
Description : IThe United States Army Corps of Engineers has granted access to the information in this model for instruction;
........
Background Pictures on Schematic I
Map Layers l
Map Layer 1
Google Satellite |
Check to turn on this layer I
£ I ) I
Terrain (associated Terrain in Ras Mapper) |
[V Plot Terrain |
Close I
_________________ -—
1975426.71, 360692.08




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Development of 2D computational mesh:

= The user must add a 2D flow area polygon to represent the boundary of the 2D area using the 2D flow
area drawing tool in the Geometric Data editor (just as the user would create a Storage Area).

= Additionally, the user may want to bring in a shapefile that represents the protected area, if they are
working with a leveed system.

= The boundary between a 1D river reach and a 2D flow area should be high ground that separates the

two. For levees and roadways this is obviously the centerline of the levee and the roadway.

You will be prompted to specify
a name for the 2D flow area
HEC-RAS

Enter the name for the new 2D Flow
Area (16 Characters Max).
|

OK l Cancel l

Plot WS extents for Profile:

= .. [tone) K|

NOTE: A 2D flow area must be drawn
within the limits of the terrain model
area being used for the study.




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Development of 2D computational mesh:

= The user must add a 2D flow area polygon to represent the boundary of the 2D area using the 2D flow
area drawing tool in the Geometric Data editor (just as the user would create a Storage Area).

= Additionally, the user may want to bring in a shapefile that represents the protected area, if they are
working with a leveed system.

= The boundary between a 1D river reach and a 2D flow area should be high ground that separates the

two. For levees and roadways this is obviously the centerline of the levee and the roadway.

r R
_ Edit and/or create cross sections foll ek . ‘,.\.__f )
ions Vi :




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

= Break lines can also be added after the main computational mesh is formed, and the mesh can be
regenerate just around that break line.

E% RAS Mapper
File Tools Help
b @
7| Geometries
n_Test B £ Browse for files H 2
.
(J ) | L « BaldEagleCrkMulti2D_test » Shapefiles v ||| 0 Brea kllnes can be ImpO I’tEd from .
XS 0
/;Zr\;;e.pmaa\.;.- Surfaces Organize v New folder v [ @ ° S h a Eefi I es
2D Floy #& OneDrive A Name Date modif - Size
.

. * Drawing by hand
Rivers Lib I Lock_Haven_CenterLine.shp I . . .
XS ibraries
5 oorumens * Pasting detailed coordinates for an
corowress Music o g . . .
Break Lines o
& picures existing breakline into the breakline

JRfqu B videos o
coordinates table

v|Goog Ad M Computer

Terrains Add new Land Cover layer &, Local Disk (C))

V| Terra X -

Add existing Land Cover lay # virtualbox_shaha -
File name: v GIS Files (*.gml;*.shp;*.vrt) v
‘ Open ‘v ‘ Cancel




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

= Break lines can also be added after the main computational mesh is formed, and the mesh can be

regenerate just around that break line.

¥ Ras Mapper
File Tools Help

UK

r Ge;:::zerecLGeomjesl B Browse for files (== . .
‘._ e ——— =t A Breaklines can be imported from:

(=lol= L Sha Efiles
* Drawing by hand

* Pasting detailed coordinates for an
existing breakline into the breakline
coordinates table

v Now this also will be observable as a
layer at Geometry Editor window.

v' The outline color and line thickness
can be modified. Double clicking the
“Lock_Haven_CenterLine” will open
up a new window where user can
adjust the outline view of the line.




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

= Break lines can also be added after the main computational mesh is formed, and the mesh can be

regenerate just around that break line.

£ RAS Mapper
E - —— - , = Breaklines can be imported from:

o ‘ - « Shapefiles

* Drawing by hand

SR VA T AL < * Pasting detailed coordinates for an

ot R S existing breakline into the breakline

L2 ' coordinates table

Terrain (associate
[¥ Plot Terrain




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

* Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

regenerate just around that break line.

RASMapper
File Tools Help

b @

Break lines can also be added after the main computational mesh is formed, and the mesh can be

v|Geometries
BaldEagleCreek_Geom_Test
V|Rivers
V|Bank Lines

H Browse for files
.24

Organize ¥

« BaldEagleCrkMulti2D_test » Shapefiles v [ 4y '
XS

XS Interpolation Surfaces
Storage Areas

2D Flow Areas

New folder

Name Date modified

& OneDrive
| Recontnl

- 0 @

==

Je)

Breaklines can be imported from:
Shapefiles

{_ Geometric Data - BaldEagleCreek_Geom_Test2
File Edit Options
or

View Tables Tools | GISTools | Help
ol ach Invert
a

Plot WS extents for Profile:

= J[one) =

Lines Table L

Lateral Structures Centerlines Table...

Storage Area/2D Flow Area Outlines Table ...
Storage Area/2D Flow Area Outlines Filter (multiple) ..
torage Area/2D Flow Area Connection Cer

v
A
N
;/ g
Bveaklines GIS Coordinates

Names (Select one or Many) Q' ;' ll

Upper
Middle

terline Table

xxxxxxxx

(((((((((

rrrrrrrrr
GIS Cut Lines.

Scale Cut Lines to Reach Lines ..
GIS Coordinate Operations

Plot GIS Profile Reach Bounds ...

Import Lines

Filter Line(s)

Lengths

A I !
DAY > -

=—"KB
folle =
KB

(/

Drawing by hand
Pasting detailed coordinates for an
existing breakline into the breakline

coordinates table
1

Selected Area Edit Options a Enter/Select Vector File (shapefile or gmi)
Add | Multiply | SetValues || { )() [}« BaldEagleCrkMulti2D_test » Shapefiles v [ 44 | Search Shapef o
X (ft) B Organize v New folder = v [ @
=l 2060298. 13241794 % OneDrive o Name ’ Date modified Type
2| 2060289.308824 Recent Places
3| 2060280.48523006 - ! 1615 KB
1 M ) File 15KB
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3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

= Break lines can also be added after the main computational mesh is formed, and the mesh can be

regenerate just around that break line.

¥ Edit and/or create cross sections (=3 cn ==

Breaklines can be imported from:

* Shapefiles

* Drawing by hand

* Pasting detailed coordinates for an
existing breakline into the breakline
coordinates table

Plot WS extents for Profile:




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

= Break lines can also be added after the main computational mesh is formed, and the mesh can be

regenerate just around that break line.

Breaklines can be imported from:

* Shapefiles

* Drawing by hand

* Pasting detailed coordinates for an
existing breakline into the breakline
coordinates table

HEC-RAS

Enter a name for the new break line.

Upper|

ok |

Once a break line is
drawn the software
will ask you to enter a
name for the break
line.




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

= Break lines can also be added after the main computational mesh is formed, and the mesh can be
regenerate just around that break line.

Breaklines can be imported from:

* Shapefiles

* Drawing by hand

* Pasting detailed coordinates for an
existing breakline into the breakline
coordinates table

Break Line: 'Lower' [spacing 250 to 250]

Edit Break Line Data ...
———————— 1 : HEC-RAS

I_Edit Break Line Cell Spacing ... K
_________
Enforce Breakline in 2D Flow Area ' 2DFlowArea_Test' Enter Breakline Cell Spacing
Plot Profile (from Terrain) ...
Minimum (blank for mesh spacing) 5o

Convert this Break Line into a new internal SA/2D Area Connection ... Maximum (blank for mesh spacing) |250
Delete Break Line ...

:—.‘.-‘/,. “r_:/y/ ~ ///l | e L /
//"/‘j/{“/;‘ A-.

. /4( e

OK | Cancel I Defaults I Help I




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Adding breaklines inside 2D flow areas:

= Before the computational mesh is created the user may want to add break lines to enforce the mesh
generation tools to align the computational cell faces along the break lines.

= Break lines should be added to any location that is a barrier to flow, or controls flow/direction.

= Break lines can also be added after the main computational mesh is formed, and the mesh can be

regenerate just around that break line.

¥, Geometric Data - BaldEagleCreek_Geom_Test2 [=3(Ec] ‘ . .
et omors v 1 Breaklines can be imported from:
X B 2 N ——. * Shapefiles

Lateral Structures Centerlines Table...

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

* Drawing by hand
 Pasting detailed coordinates for an
| existing breakline into the breakline

Storage Area/2D Flow Area Outlines Filter (multiple) ...

ye Area/2D Flc enterline Table

2D Flow Area Boundary Condition Lines ..

Bigaklioec Collc Lokl

Breaklines Coordinates Table...

Land Cover Regions Table .

uuuuuuuuu

coordinates table

Breaklines GIS Coordinates

Names (Select one or Many) D Sl % Selected Area Edit Options

Add | Multiply SetValues| Replace Round |

Upper
Middle Y (ft) I~

GIS Cut Lines

Scale Cut Lines to Reach Lines ...

GIS Coordinate Operations

Plot GIS Profile Reach Bounds ...
Limit GIS Bounds to Bridge Openings

353219,408461853
353325,291589117

353492.93987395

353678.235346661

353792,942067863

353863.530819372

2060262.83804218 353951.766758758
2060112,83694523 353978,237540574

Import Lines Filter Line(s) | Lengths




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS
Creating the 2D Computational Mesh:

After all the break lines have been added, the computational mesh can be generated. Keep in mind
the user can also add additional break lines after the mesh has been generated, and the
computational mesh can be refined around an individual break line at any time.

The 2D flow area defines the boundary for which 2D computations will occur.

&

Cell Face Points

/ .

NI

o

/

44— Cell Faces
°

@

©

Cell Center

/

v" Cell Center: this is where the water surface

elevation is computed for the cell. The cell
center does not necessarily correspond to
the exact cell centroid.

Cell Face: Faces are generally straight lines,
but they can also be multi-point lines, such
as the outer boundary of the 2D flow area.

Cell Face Points: are the ends of the cell
faces. The Face Point (FP) numbers for the
outer boundary of the 2D flow area are used
to hook the 2D flow area to a 1D elements
and boundary conditions.



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating the 2D Computational Mesh:

= The 2D Flow Area editor allows the user to select a nominal grid size for the initial generation of the
2D flow area computational mesh.

= The 2D flow area defines the boundary for which 2D computations will occur.

W Geometric Data - BaldEagleCreek_Geom_Test2 =x(Ec] \
File Edit Options View Tables Tools GISTools Help

Pump . |Description : Plot WS extents for Profile:

RS
St%o‘n T ”‘5 [ 'J[(none) L]

=

2D Flow Areas

20 Flow Area: [ REAE , -| ¢| t| e |

Connections and References to this 2D Flow Area

-

v

Defaullt Manning's n Value: 0.06 2D Flow Area Computation Points

Edit Land Cover to Manning's n... J Current mesh contains no computation points.

Cell Volume Filter Tol(ft): 0.01
Bl Face Profile Filter Tol(ft): 0.01
Face Area-Elev Filter Tol(ft):  [0.01

Generate Computation Points on Regular Interval with All Breaklines. .. |
Face Conveyance Tol Ratio:  [0.02 |

Enforce Selected Breaklines (and internal Connections) ...

View/Edit Computation Points ...

Force Mesh Recomputation oK Cancel

1971269.52, 373383.26




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS
* Creating the 2D Computational Mesh:

= For example, if the user enters Spacing DX = 250, and Spacing DY = 250, they will get a computational
mesh that has grids that are 250 x 250 everywhere, except around break lines and the outer

boundary.

V\ Geometric Data - BaldEagleCreek_Geom_Test2 ‘ (=) ” = ‘@

File Edit Options View Tables Tools GISTools Help
a|_20Area Pump . | Description : Plot WS extents for Profile:
real

RS =
Stg%a‘n T ”(d’ I A Jl(none) Ll

AN

2D Flow Area Generate Points

Computation Point Spacing

Spacing DX =

Shift Generated Points (Optional)

Shift Right =

2D Flow Areas

Connections and References to this 2D Flow Area

pio) oYY Bl 2DFlowArea_Test

250
Spacing DY = 250

0

0

Shift Up =

Generate Points in 2D Flow Area | Cancel |

J’

Th |S Wl | | o pe n a po p u p Wl n d ow M Defaullt Manning's n Value: 0.06 2D Flow Area Computation Points
Param. . X Edit Land Cover to Manning's n... | Current mesh contains no cofputatjon points.
that will allow the user to entera @ |~ "

nominal cell size.

8 Face Profile Filter Tol(ft): 0.01 I

Generate Computation Points on Regular Interval with All Breaklines. ..

v This defines the spacing between

i : 0.01 o= == e = o
Face Area-Elev Filter Tol(f): Enforce Selected Breaklines (and internal Connections) ...

Face Conveyance Tol Ratio: 0.02

View/Edit Computation Points ... |

the computational grid-cell
centers.

Force Mesh Recomputation |

OK Cancel |

1971269.52, 373383.26




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating the 2D Computational Mesh:

= Since the user can enter break lines, the mesh generation tools will automatically try to “snap” the
cell faces to the breaklines. The cells formed around break lines may not always have cell faces that
are aligned perfectly with the break lines.

O RE R S SURE LU e ESBIECE Enforce Breaklines (and Internal Connections)

File Edit Options View Tables Tools GISTools Help
River Storage | 20Flow [sat20Arealsarzfreal 206rea | 20Aea Pump RS \ Description : Plot WS extents for Profile: Enforce
each 6 G Conn m;m '..ith" Manin St%a‘n < l : Jl(none) LI
_ — Upper Upper
' B Middle Middle
: Lower [T

I ol

A N

2D Flow Areas

2D Flow Area: IZDFIowArea_Test
Connections and References to this 2D Flow Area Select Al Clear Al |

OK | cancel |

Z!
Cell Volume Filter Tol(ft): 0.01

Face Profile Filter Tol(ft): 0.01
— =weperae Computation Points.on Reaulal [nteryal with All Breaklines.,
i : 0.01
Face Area-Elev Filter Tol(ft): | Enforce Selected Breaklines (and internal Connections) ...

Face Conveyance Tol Ratio:  |0.02 '|' ——————————————————

v" Will create cells that are aligned §
with the breaklines, which helps
ensures that flow cannot go §
across that cells face until the §
water surface is higher than the
terrain along that breakline. ;

v The user can enter a different cell

' spacing to be used for each

- breakline. '

Defaullt Manning's n Value: 0.06 2D Flow Area Computation Points
Edit Land Cover to Manning's n... I ruh contains: 18632 cells

Force Mesh Recomputation l oK | Cancel




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating the 2D Computational Mesh:
= Since the user can enter break lines, the mesh generation tools will automatically try to “snap” the
cell faces to the breaklines. The cells formed around break lines may not always have cell faces that

are aligned perfectly with the break lines.

o Edit Points

V\ Geometric Data - BaldEagleCreek_Geom_Test2 ‘ (=) ” =) ‘@ X Y

File Edit Options View Tables Tools GISTools Help 18619 | 2048999.369421 356263.8750365
a|_20Area Pump . | Description : Plot WS extents for Profile:
reakLines

St%o‘n ‘Gﬁiﬁl Bl I - Jl(none) ZI 18620 |2049072.203188... |355503.0303049..

18621 |2048747.822127... |355374.2382449,
18622 | 2048874.484646... | 355589.7761908
18623 | 2048533.492123... | 355504.0039183
18624 |2048665.759728... |355716.1483992
_| 18625 |2048321.305230... |355660.5971519

18626 | 2048485.355964... |355849.2432670
18627 | 2048139.514795... |355868.8569173..
18628 |2048348.191127... |356006.5311284
2D Flow Area: | 2DFlowArea_Test 18629 |2048065.592481... |355926.4824789

Connections and References to this 2D Flow Area ] 18630 |2048090.418116... |356175.2468007

A N

2D Flow Areas

\ 18 e 193

8632 |2047895.198078... |356194.72894
« m

— — —

v' The user can view these points by fvemingsnvae:  [o5 2D Flow Avea Computati
. . . . it Land Cover to Manning's n... esh contains: 18632 cells
pressing the View/Edit Computational P etemsen: |

ume Filter Tol(ft): 0.01
Point’s bUtton, which brings the pOintS :Oﬁleme”o'((ﬂ)): por Generate Computation Points on Regular Interval with All Breaklines. ..
up in a table. The user can cut and pesevrierror: [oor e e
paste these into a spreadsheet, or edit :°”V°“”°°T°‘Ra“°= ooz — T r—
them directly if desired (It is not pevesnrecomuaton | e
envisioned that anyone will edit the [
f points in this table or Excel, but the } B

1971269.52, 373383.26

L_1  option is available). |




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating the 2D Computational Mesh:

= Since the user can enter break lines, the mesh generation tools will automatically try to “snap” the
cell faces to the breaklines. The cells formed around break lines may not always have cell faces that
are aligned perfectly with the break lines.

Land Cover to Manning's n (2D Flow Areas Only)

N, i -
< ‘Geometric Data = BaldEagleCreek_Geom_Test2 Set Manning's n to Override Default Land Cover Values
File Edit Options View Tables Tools GISTools Help I d di .
orage low a Pump RS — Description : Plot WS e Selected Area Edit Options
inee g ;
s @ Stg%gn <7 74 | - ;“(none) Add Constant ... | Multiply Factor ... I Set Values ... I Replace .., |

Land Cover Layer Geometry Overrides (Blank for Default Values)

|| Name | Default Mann n | Base Mann n (blank for default)
0.06

uuuuuuuu

Associated Layer: ot yet associated with this Geometry

i - ‘, ._j _____ z‘

B IDefaullt Manning's n Value: 0.06 I 2D Flow Area Computation Points
| Edit Land Cover to Manning's nﬁ'h&rﬁnﬁtﬁﬂ—t&mﬁ—l

v' This field is used to enter a
default Manning’s n values that f
will be used for the cell faces in
the 2D flow area.

v" This must be re-checked once a

land cover layer is created and

associated with the 2D geometry.

Cell Volume Filter Tol(ft): 0.01

Face Profile Filter Tol(ft): 0.01
Face Area-Elev Filter Tol(ft):  |0.01

Face Conveyance Tol Ratio: 0.02 I

Generate Computation Points on Regular Interval with All Breaklines...

Enforce Selected Breaklines (and internal Connections) ...

|
|
View/Edit Computation Points ... I
|

Force Mesh Recomputation | oK | Cancel

1971269.52, 373283.26




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Assessing the 2D Computational Mesh:

The computational mesh will control the movement of water through the 2D flow area.
The computational cell faces control the flow movement from cell to cell.

= One water surface elevation is calculated for each grid cell center at each time step.

o . === TEERS e

Fle Ede Options View Isbles ook GSTook Help underlying terrain and the
NS e S | S| | [ 3 E——— computational mesh are
- 4 i preprocessed in order to
{%.3 develop detailed elevation—
(g volume relationships for
e each cell, and also detailed
lz » hydraulic property curves
% . for each cell face (elevation
& vs. wetted perimeter, area,
| & : ' and roughness).
= = Where the water surface
[T slope is flat and not
f::, - changing rapidly, larger grid
::" o g il > ) cell sizes are appropriate.
= y at Y9 ™ .| . | = Steeper slopes, and
A ¥ : . localized areas will require

2047483.94, 34821788

smaller grid cells to capture
those changes.



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Assessing the 2D Computational Mesh:

The computational mesh will control the movement of water through the 2D flow area.
The computational cell faces control the flow movement from cell to cell.
One water surface elevation is calculated for each grid cell center at each time step.

N Geometric Data - 1D-.
File Edit Options View JTables JTools GISTools Help

Tools
Editors

River

S!«.gg 20"6- SAZ2DFred SAZ20| 20+rea

Junct.
(e}

7
Y *

|

Cross
Section

N
Brdg/Cuks

Cosa

BC Line: [BreakLi

20/, | Pump
Magan | Station
s| O

Plot WS extents for Profile:

RS Descaription :
za @ |

=[] |(none)

b

P ‘nﬂf

-

J483.94, 348217 68

HEC-RAS allows the user t0|
enter a new break line on top |
of an existing mesh and then !
regenerate the mesh around:
that break line, without
changing the computational I
points of the mesh in other !
areas. '
The user can draw a new break I
line, then left click on the |
break line and select thel
option “Enforce Break line in !
2D Flow Area”. Once this:
option is selected, new cells |
will be generated around the |
break line with cell faces that !
are aligned along the breakI
line. |



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

e Assessing the 2D Computational Mesh

= The user can control the size/spacing of cells along the break line.

= The option “Edit Break Line Cell Spacing” allows the user to enter a minimum and maximum cell
spacing to be used when forming cells along that break line. The minimum cell spacmg |s used directly

f e B

along the break line. L | FimiEEE,

_ Edit and/or create cross sections | =) Vg # 5 5
File Edit Options View Tables Tools GISTools Help

Tools River | Storage | 2DFlow [satznArea|saizoareal 2ofrea | 20Anea Pump Description :
Reach | Area frea

Plot WS extents for Profile:

J [(none) . . . . . . .
I/ ¥ -|
I
Inline [lol ool ololale
Structure
[sF . .

Lateral fefstefelerate ete o |
Structure| aaEGo000GY! >

Storage
s

SA‘.‘:aDﬂrea [slelsjelslele 5 o : o - "

‘ﬁ'ﬁ "xj [efafelslele el tle 333 3308 Eu j o] 3 lelelek] og Break Line: 'Middle' [spacing 250 to 250]
Edit Break Line Data
Edit Break Line Cell Spacing ...

Enforce Breakline in 2D Flow Area ' 2DFlowArea_Test'

Plot Profile (from Terrain) ...

Convert this Break Line into a new internal SA/2D Area Connection

Delete Break Line ...

390
s > el (SR lersesloisers] I
fetefetel

BRG]
G 3R S H R R HE
3333338000002 58000 2300604 HEC-RAS
Enter Breakline Cell Spacin:

The min cell size gets used right along the

break line, then it transitions out the max Minimum (blank for mesh spacing) o
cell size by doubling the cell size as it goes Maximum (blank for mesh spacing) [250
outward from the break line. oK Cancel Defaults | Hep |




. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

e Assessing the 2D Computational Mesh

= After entering the break line cell spacing the user must select the “Enforce Break line in 2D Flow Area”

option to enforce the new association of cell spacing.

= When creating a mesh around a break line, it may be desirable or even necessary to use smaller cells

than the nominal cell size used in other areas of the mesh.

(_ Edit and/or create cross sections

File Edit Options View Tables Tools GISTools Help
Tools River Storage | 20Flew |sat2Area|satzofreal 20Area | 20Anea Pump Description : Plot WS extents for Profil
Reach | Area frea

} ‘ (none)

Inline
Stiucture|

e ERRIlelels[olo
AJJJJUJJJL‘U.& \
SEErr e

Lateral
Stuoture ’

Storage
frea

elsfele[sle]

fote! 3 I¥]
.;JJJJJ.;uuuuu.uJJJJJuuuuuuqJJJJJuuuuuu.u“/‘ JeeeIia]
330 13 bl e

3
JJLUUJJJJJJ.AJJ[" S splslervilsler el ‘_.AJJJJJJJ\‘MwL’
W

HEa0GGOOGEEEEN! Sl lslelerelstel
aanauaaaag LAUJJJJJ‘HP
JJJJuuuuLIuJ‘J
33300UON
BRIl
o

333
u.u.u.uum'-.;.u 3
Bl

J.:.:,uuu.uu.uuu
[S[e[3[]

Jm e mem s mmm mm mwm mm m—n m——
. g, 4
# - 8 5
I
I
S e =
>
o Break Line: 'Middle' [spacing 250 to 250]
2 Edit Break Line Data ...
— Edit Break Line Cell Spacing ...

Enforce Breakline in 2D Flow Area ' 2DFlowArea_Test'

Plot Profile (from Terrain) ..

Convert this Break Line into a new internal SA/2D Area Connection .

Delete Break Line ...

= = it is better

e to transition

T cell sizes
el =l gradually




3.

Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Assessing the 2D Computational Mesh:

Cells around the break lines and the 2D flow area boundary will typically be irregular in shape, in
order to conform to the user specified break lines and boundary polygon.

The mesh generation tools utilize the irregular boundary, as well as try to ensure that no cell is

smaller in area than the nominal cell size. = = il

(_ Edit and/or create cross sections

File Edit

uuuuuuuuu

sar20Area|salz0Areal 20Area | 20Anea Pump RS Description : Plot WS extents for Profil "
Conn, BC Lineo |BreakLines Station % | H(none) ﬂ 4
- EHD | DDA Gﬁ P &
Ve - - 3

Options View Tables Tools GISTools Help
20Flow




. Overview of how to set-up a combined 1D/2D unsteady flow mode
in HEC-RAS

e Assessing the 2D Computational Mesh:

= Cells around the break lines and the 2D flow area boundary will typically be irregular in shape, in
order to conform to the user specified break lines and boundary polygon.

= The mesh generation tools utilize the irregular boundary, as well as try to ensure that no cell is
smaller in area than the nominal cell size. T

—
o

(_ Edit and/or create cross sections

File Edit Options View Tables Tools

GIS Tools Help
20Aned Description : Plot WS extents for Profile

B v P
@' Reglons [0 | n J{(ﬂone) J

5

Stiucture| -
respRR[e[e[s]e]o]
1333300000078
1333330000003
Bl
Lateral sis ol fstafufatafe oiere)
Struoture 135550000005

Storage
s

2016
Area
L J fetstets
SAl2DAea
Conn

31303 b
[sfstatats fo v v v o] 33aEEE000000GE5S S[% ] 1
LUOGEE e E00000GEaEEEEGGGG00GEES! EATHOUGO00

IRA0000005333330000000333 Fie el slalali

When the user draws a 2D flow area boundary that is
very sharp and concave, depending on the cell size
selected, the mesh generation algorithm may not be

able to form a correct mesh at these locations.

J00G00cs

330530000003330.
433000U0UIIaa
233000000IId33300]

Isstels!

wArea Test: 8 -|




3. Overview of how to set-up a combined 1D/2D unsteady flow mode

in HEC-RAS
Assessing the 2D Computational Mesh:

Cells around the break lines and the 2D flow area boundary will typically be irregular in shape,

order to conform to the user specified break lines and boundary polygon.

The mesh generation tools utilize the irregular boundary, as well as try to ensure that no cell is

smaller in area than the nominal cell size.

GeometricfData - BaldEagleCreek_Geom_Test2
Ale Edit Qs = okt

IS Tools  Help

Plot WS extents for Profile:

Tools Rivs Storage znmw sAlanmz sacafareal 20Anea Pump Descnpnon
Area 8C fines B: e Maninn stemcn
— Reglons [@one)

Editors.

Junct P

® »

Cross

Section
Brdg!

_ Geometric Data - BaldEagleCreek_Geom_Test2
File [Edit| Options View Tables Tools GIS Too

Il

a|sAl2DArea
Change Name BC Lines

Move Points/Object: l
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Remove Points
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slefe] J la EI [+] ﬂﬂ( 1 AHJDUHU
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After revising the mesh
generation problems the
highlighted red Cell Centers
will disappear



3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

Assessing the 2D Computational Mesh:
Computational cells used within the HEC-RAS 2D code cannot have two faces that are collinear (i.e.
they cannot form a straight line).

The problem of “Cell with Collinear Faces” generally caused by placing two or more break lines
parallel to each other, and close together, such that the creation of cells along one break line can
create problems with cells along the other break line. (like the left figure below)

Where two cells meet (at a face point), the outside angle formed by the two faces must be greater
than 180 degrees.

Parallel Breaklines

AN

Collinear Cell Faces within a single Cell

If cells end up like this, the software

will run, but the computation across |
cell faces that are like this will not |
be correct.




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Creating a Spatially Varied Manning’s Roughness Layer:

= A spatially varying land cover data set can be created in RAS Mapper, and then associated with a
specific geometry data set.

= There are two types of land cover layers which can be applied in HEC-RAS 2D: 1. user defined
polygons (shapefile) where user can override specific roughness values to a particular area, 2.
Classified gridded layer (e.g. National Landcover Dataset layers).

= NOTE: User’s must have a land cover data set in order utilize spatially varying Manning’s n values
within 2D Flow Areas, and to also utilize the capability of specifying User define Manning’s n Regions.

= RAS Mapper allows the user to use multiple land use data files and types, to create a single land use
coverage layer in HEC-RAS.

= RAS Mapper ingests the various land use data types and creates a combined land-use coverage

(Layer) and stores it as a GeoTIFF file. User-defined polygon (shapefile) as landcover layers

Water (11)
| | Open Space Developed (21) .
T Low Intemsity Developed (22) Gridded Format Landcover

Medium Intensity Developed (23)
High Intensity Developed (24) ( )

s [ Dataset (NLCD 2011

|| Deciduous Forest (41) — TR | R ‘ A
Evergreen Forest (42) %
| | Mixed Forest (43) . . B
| | Shrub/Scrub (52)
| | Grassland (71) ol AN e RN

|| PastureMay (81) T R Y R T AR R e B B0 e G G WA @ 0 e s
I Cultivated Crops (82) Do B g gy O R

|| Woody Wetlands (90)

S ’-"\)A £
W L b




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating a Spatially Varied Manning’s Roughness Layer:
= A spatially varying land cover data set can be created in RAS Mapper, and then associated with a
specific geometry data set.

g RAS Mapper Land Cover Layer
File [ Tools | Help ‘ Input Fles
Set Projection for Project ... { @ R Import Extents: |Geometries v
Web Imagery ...
-V gery ‘+‘ Filename Projection Info Naming Std Name Field Mann. N Field
+-{V New Terrain ... ‘x‘
-V
— AddMap Laversy. 1
| I New Land Cover ... J\ ‘ f‘
1 Import NLD ... -+
7 | Manage Results Maps ...
1 Render Mode Optlons Selected File Land Cover Identifiers Output File
v
i e RAS Identifier 1D Mann. N
¥ | Show Profile Line Distance

Output ID Standards

Cell Size: 10 feet

Filename: C:\ ..\LandCover.hdf [j‘

Create H Cancel ‘



3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

* Creating a Spatially Varied Manning’s Roughness Layer:
= A spatially varying land cover data set can be created in RAS Mapper, and then associated with a

specific geometry data set.

I

g RAS Mapper
File [ Tools | Help
Set Projection for Project ... { N @ @«, TR
7 Web Imagery ...
+-(V New Terrain ...
T - AddMaplaers, — |
L
New Land Cover ...
| o - - —— — 1
| Import NLD ... \
7 | Manage Results Maps ...
| Render Mode Options [
¥ | Show Legend
i Show Profile Line Distance

o Browse for Land Cover Files

@\/v‘ « BaldEagleCrkMulti2D_test » LandCover

Organize v New folder

@& OneDrive o
Recent Places -
4 Libraries
LandUse
¢| Documents
@' Music

e Pictures

¥ videos

1M Computer
&, Local Disk (C)

9 virtualbox_shaha «
+  [L.C. Data (if, it "shp..)

Open ‘v ‘ Cancel

Filename: LandUse

The “Input Files” section is for selecting the

grid and shapefiles to be used as input, as <«
well as setting their priority.

Land Cover Layer

Input Files I

Import Extents: |Geometries v Custom I
H—L Filename Projection Info Naming Std Name Field Mann. N Field I
X |
1+
[+

Y
Selected File Land Cover kemmers Output File
RAS Identifier D Mann. N

Output ID Standards

Cell Size: 10 feet

Filename: C:\ ..\LandCover.hdf



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating a Spatially Varied Manning’s Roughness Layer:
= A spatially varying land cover data set can be created in RAS Mapper, and then associated with a
specific geometry data set.
The Selected File Land Cover Identifiers section is used to display
the numeric value (Integer) and the text label of the land cover data <—

for the file currently selected (highlighted) in the Input Files section.
- I,— ____________________ — e —
RAS Mapper Land Cover Layer
File | Tools | Help I Input Files
Set Projection for Project ... I Import Extents: [Geomemes v] (Custom) v
3|V Web Imagéw... I E] Filename Projection Naming Std Name Field Mann. N Field
-+ e | T e T e S T S
i AddMap Laversy. — 1 l &
New Land Cover ...
_______ 1
Import NLD ... T~ I &
e Manage Results Maps ... I
Render Mode Options l:l:-j I Selected File Land Cover Identifiers Output File
Show Legend | Name Field RAS Identfier . RAS Identfier D Mar. N
|- 3 E 1 1 .
I 9 9 10 2
I 1 1" 1 3
1 1 12 4
. Watér (11) — | 7 7 13 5
| | Open e Developdd (21)
You can edit/rename | orenopcecoveipidar) e : 7 : .
“u o oreo ” ify Developed (23) 5 5 x J Ul ;
the RAS |dent|f|er Ve Developed (24) I Output ID Standards: [W|
according to the NLCD . CellSze: 10 feet Output Size: 1 MB
h i) Fil C:\..\LandCover hdf =)
2011 landcover IDs. l femne (1 o =
I Create | | Cancel ‘
[




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating a Spatially Varied Manning’s Roughness Layer:
= A spatially varying land cover data set can be created in RAS Mapper, and then associated with a
specific geometry data set.
The Output File section is used to show what HEC-RAS will use for

the Land Cover Identifiers, their numeric ID, and optionally a user <
entered Manning’s n value for each Land Cover type

—

RAS Mapper Land Cover Layer
File | Tools | Help Input Files
Set Projection for Project ... L P_j 0 Q FTOE Import Extents |Geometnes % | [(Cuatom) v ]
5 Web I
+ "‘/. &b imagery [+J Filename Pm]ectlon Naming Std. Name Field Mann. N Field
FE NewTemin.. [ e o T S 7
=i ‘/: lxl

- AddMap Lavers,. 1 -
| L Newtand Cover.._ | {’J
+

i Import NLD ...
7l Manage Results Maps ...

|
!
I
!
!
!
!
!
!
!
!
i
!
!
!
!
!
!
!
J

Render Mode Options [
(4 Selected File Land Cover |dentifiers Output File
4 CL 1 o
Set Manning's n to Override Default Land Cover Values Name Field RAS Identifier RAS Identifier ID Mann.N
Selected Area Edit Options 15 woody wetlands NoData 0
Add Constant ... | Multiply Factor ... | Setvalues... |  Replace... | 14 shrub/scrub e 1 0.04 E
Geoner Overides Bk or et Vobes) 2 e s o
Name Default Mann n| Base Mann n (blank for default) ] MainChannel | | 8 emergent herbaceous wet.. ik soua forest 9 0.1
1|nodata 0.06 0.04
2| barren land rock/sand/day 0.04 0.04 0.04 10 Heveloped, high intensity 10 0.15
3| cultivated crops 0.06 0.06 0.04 1 hay E =
<] decduos forest = o1 004 3 pasture/hay Heveloped, low intensity " 0.1
5| developed, high intensity 0.15 0.15 0.04 4 developed, high intensity Heveloped, medium intensity 13 0.08 S
6| developed, low intensity 0.1 0.1 0.04 - <« | " »
7| developed, medium intensity 0.08 0.08 0.04
8| developed, open space 0.04 0.04 0.04 Output ID ptandards: | (Custom) v
9| emergent herbaceous wetlands 0.08 0.08 0.04
10| evergreen forest 0.12 0.12 0.04 Cell Size: 10 feet Output Size: ~1 MB
11| grassland /herbaceous 0.045 0.045 0.04 i M
12| mixed forest 0.08 0.08 0.04 m Filename: C:\..\LandCoverHdf M
13| open water 0.035 0.035 0.04
14| pasture hay 0.06 0.06 0.04 Create | [ Cancel |
15| shrub/sarub 0.08 0.08 0.04
16 | woody wetlands 0.12 0.12 0.04L] - O T T S B S e T e e e e e e e e e .

Assodated Layer: [d:\...\Example Data\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\LandCover \andUse. tif

o



3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

* Creating a Spatially Varied Manning’s Roughness Layer:

= A spatially varying land cover data set can be created in RAS Mapper, and then associated with a
specific geometry data set.

ERASMapper
File Tools Help

Selected Layer: LandCover

=1[V] Geometries
(=[] BaldEagleCreek_Geom_Test

[¥]Bank Lines

[C)xs

[T]XS Interpolation Surfaces
[] Storage Areas

[7]20 Flow Areas

[V]Break Lines

)[¥] BaldEagleCreek_Geom_Test2
[T Rivers
[[Ixs
[] Storage Areas
[T]2D Flow Areas
[] Break Lines

[ Results
1 [v|Map Layers
[7)2DFlowAreaShapefile
[T]Lock_Haven_CenterLine

=[] Terrans
[ Terrain 50_0rg20ftCombined

Name

nodata

bamen land rock/sand/clay | 0.04

cutivated crops
deciduous forest
developed, high intensity

developed, low intensity

0.06
0.1
0.15
0.1

developed, medium intensty | 0.08
emergent herbaceous wetla... | 0.08

evergreen forest

grassland/herbaceous
mixed forest

open water
pasture/hay
shrub/scrub

woody wetlands

0.12
0.045
0.08
0.035
0.06
0.08
0.12

Messages | iews |Proﬁ|e Lmﬁl

Once the wuser has
created a Land Cover
layer in the *.tif file
format, then they
need to associate that
data layer with the
geometry file(s) they
want to use it with.



3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

* Creating a Spatially Varied Manning’s Roughness Layer:

= A spatially varying land cover data set can be created in RAS Mapper, and then associated with a

specific geometry data set.

RAS Mapper

[al®][=]

File Tools Help

Selected Layer: LandCover

hb@@xesrm BN

[“|Rivers
[¥]Bank Lines
[C)xs
[T]XS Interpolation Surfaces
[T] Storage Areas
[7]20 Flow Areas
(V] Break Lines

&[] BaldEagleCreek_Geom_Test2
[CRivers
[Flxs

o _Test LandCover

Color Value Name

nodata
bamen land rock/sand/clay | 0.04
cutivated crops
deciduous forest

developed, high intensity 0.15

Once the wuser has
- © | created a Land Cover
’ layer in the *.tif file
format, then they
need to associate that
data layer with the

[T Storage Areas
[7]20 Flow Areas "
[] Break Lines emergent herbacel
" evergreen forest
Results
[E] \[./ M:: Layers grassland/herbaceous

[] 2DFlowAreaShapefile

mixed forest 0.08
[]Lock_Haven_CenterLine

open water 0.035

[ J\Goag;ue Satellite postrerhay 006 RAS Mapper
[@LandC e
=[V| Terrains shrub/scrub 0.08 1
[ Terrain 50_Org20ftCombined Flle TOOIS He'p

woody wetlands 0.12

Transparency

Selected Layer: LandCover

want to use it with.

=8
& \g! Manage Geometry Associations...

U
Transparent Solid
oK i[V|Rivers
- i-[¥|Bank Lines

A

4 Manage Geometry Associations @

Type RAS Geometry Layers Temain Land Cover

Geometry | BaldEagleCreek_Geom_Test [Terrain50_0r92UtComb... v | LandCover Iv

Geometry | BaldEagleCreek_Geom_Test2 [Terrain50_0r92(ItComb... v || LandCover v
None ‘
|iﬂ'.,.[3_ "
[ Close ]

Messages

geometry file(s) they



3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

* Creating a Spatially Varied Manning’s Roughness Layer:
= Once a Land Cover layer is associated with a geometry file, the user can then build a table of Land
Cover versus Manning’s n values, which can then be used in defining roughness values for 2D flow

areas.

= This Land Cover versus roughness table is developed from within the HEC-RAS geometric data editor

for a specific geometry file.

_ Geometric Data - BaldEagleCreek_Geom_Test2
File Edit Options View Tools GISTools Help

Tools River Storage | 2C
Reach Area é
Editors = —

Description :

Manning's n or k values (Horizontally varied) ...

Reach Lengths ...

Junct. e Contraction\Expansion Coefficients (Steady Flow) ...
® Contraction\Expansion Coefficients (Unsteady Flow) ...
SC'°§S . Minor Losses ...
ection
\\_IJ , Bank Stations ...

Levees ...

Ice Cover ...

Names

Picture File Associations ...

Ineffective Flow Areas ...
Blocked Obstructions ...
Bridge Width Table ...
Weir and Gate Coeff Table ...
HTab Internal Boundaries Table ...

Linear Routing Coefficients ...

Priessmann's Slot on Lidded XS's ...

Manning's n by Land Cover ... |

Land Cover to Manning's n (2D Flow Areas Only)

Set Manning's n to Override Default Land Cover Values

Selected Area Edit Options

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

Replace ... |

Land Cover Layer Geometry Overrides (Blank for Default Values)

Name Default Mann n Base Mann n (blank for default)
1|barren land rock/sand/clay 0.04 0.04
2| cultivated crops 0.06 0.04
3| deciduous forest 0.1 0.04
4| developed, high intensity 0.15 0.04
5|developed, low intensity 0.1 0.04
6| developed, medium intensity 0.08 0.04
7| emergent herbaceous wetland 0.08 0.04
8|evergreen forest 0,12 0.04
9|grassland/herbaceous 0.045
10| mixed forest 0.08
11| open water 0,035
12| pasture/hay 0.06
13| shrub/scrub 0.08
14| woody wetlands 0.12

Associated Layer: [C:\...\Documents\HEC Data\HEC-RAS \Example Projects - Training\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D_test\andCover\LandCover. tif

OK Cancel

. [*[*]
|efejefelelolololele]




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

Creating a Spatially Varied Manning’s Roughness Layer:

In addition to defining Manning’s n values by Land Cover, the user has the option to create their own
2D flow area Manning’s n value regions.
These regions are user defined polygons that can be used to override the base Manning’s n values
within that polygon. They can also be used to calibrate a model.

= The user defined 2D flow area are defined in the Geometric data editor, and
apply only to that geometry file.
T ==B4 = This Manning’s n by Land
——— o RGeS T ~ : o Cover table will be used
§ 1020 Gan s o e 1 during the 2D flow area

pre- processing stage (i.e.
the process where the
software creates the cell
and cell face table
properties).

= In order to get these
Manning’s n values into the
2D flow area property
tables, the 2D flow area
Hydraulic Property tables
must be recomputed.




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating Hydraulic Property Tables for the 2D Cells and Cell Faces:
= Once aterrain model is created, and optionally a Manning’s n by Land Cover table, then the following
steps are required to create the hydraulic property tables for the 2D cells and cell faces, which are

used in the 2D hydraulic computations:
v Associating a Terrain Layer with a Geometry File

v 2D Cell and Cell Face Geometric Preprocessor

v Running the 2D Geometric Preprocessor

o) Manage Geometry Associations

Type
Geometry
Geometry
Geometry
Geometry
Geometry
Geometry
Geometry
Geometry
Results
Results
Results
Results
Results
Results
Results
Results

Results

RAS Geometry Layers
Bald Eagle Multi 2D Areas
1D-2D Dam Break Model Refined Grid
U.S2D-D.S 1D No Dam
2D to 2D Connection
SAto 2D Connection
Single 2D Area - Intemal Dam Structure
SAto 2D Flow Area
SAto 2D Flow Area - Detailed
PMF Multi 2D
1D-2D Refined Grid
2Dto 1D No Dam
2Dto 2D Run
SAto 2D Dam Break
Single 2D
2D Levee Struc
SA-2D Det Brch
SA-2D Det FEQ

RAS Mapper

File Tools Help

Selected Layer: LandCover

=¥
|

Manage Geometry Associations...

JIRivers—m7m7M

v|Bank Lines
Temain Land Cover &

| Temain50 v [LandUse v

|Tenain50 v |LandUse v

|Ten'a|n50 = |LandUse =

ITenalnS{) v |LandUse v

ITenainSD v |LandUse w7

| Temain50 v | (None) -

|Tenain50 v |(None) v

| Temain50 v | (None) -

I v | (None) <
I v | (None)

| v | (None)

| v | (None)

| ¥ | (None)

[ v | (None)

I v | (None)

I w | (None)

| v | (None)

Close

@@ &



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating Hydraulic Property Tables for the 2D Cells and Cell Faces:
= Once aterrain model is created, and optionally a Manning’s n by Land Cover table, then the following
steps are required to create the hydraulic property tables for the 2D cells and cell faces, which are
used in the 2D hydraulic computations:
v Associating a Terrain Layer with a Geometry File
v" 2D Cell and Cell Face Geometric Preprocessor i

v" Running the 2D Geometric Preprocessor _ _
ko Each cell, and cell face, of the computational mesh is

File Tools Help

s oy 20 P e e preprocessed in order to develop detailed hydraulic

7]Geometries . .
Il i property tables based on the underlying terrain used
ivers
7]Bank Lines g # 4
th del
XS Interpolation Surfaces ' In ]e m O e Ing p rOCGSS
Storage Areas / L ’ 4 -
7 ED;:L :’ o g - s/ 2D Flow Area Property Tables - BaldEagleCreek_Geom _Test2 follo =
7| BaldEagleCreek_Geom_Test2 [ P (20Fowhrea Test ][ Plot | Table
Rivers e Face Witted Permeter vs Elevi v Wetted Perimeter
xS 4
Storage Areas b’ Face Index i 575
v EB=—7 - >’ 15668 At
v|Break Lines — q 15669
. \ | 15670 ]

205':'3 “15 q 15671
v/Map Layers . . 15672
DFlonteeaShaetls : % Right-Click on a cell fage 1573

- q N

’ b, 15674 570

, 7 E
Al Enabled Resuits l::z [
Time Series Plots , 15677 2
d o z J
ined [N Mesh: 2DFowArea_Test 15678 -] P
-~ Find » | 15%79 g
o~ " o | 15620 565
Property Tables Cell: Volume - Elévation 15681 ~
B Temain50_Org20ftCombined Hlevation: 565.07 feet Face: Area - Elevafion i lsig | i
) - Face: Wetted Perimeter - Elevation | -
' p 15684
- ’ Face: Manning's n - Elevation 15685
ﬁ | Face: Profile | RS .
15687 T T S T S T I |
= = ! | 15688 0 50 100 150 200

15689 Wetted Perimeter [ft]
15690 S




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating Hydraulic Property Tables for the 2D Cells and Cell Faces:
= Once aterrain model is created, and optionally a Manning’s n by Land Cover table, then the following
steps are required to create the hydraulic property tables for the 2D cells and cell faces, which are
used in the 2D hydraulic computations:
v Associating a Terrain Layer with a Geometry File
v" 2D Cell and Cell Face Geometric Preprocessor i

v" Running the 2D Geometric Preprocessor _ _
ko Each cell, and cell face, of the computational mesh is

File Tools Help

s oy 20 P e e preprocessed in order to develop detailed hydraulic

7| Geometries 5 o
dEagleC G n 5 14
| ol property tables based on the underlying terrain used
ivers
7] Bank Lines B A j
xS
’ in the modeling process
Stora; as / P Bl
20 Flow Areas .3 '3
V| Break Lines a2 2D Flow Area Property Tables - BaldEagleCreek_Geom_Test2 (=N
7] BaldEagleCreek_Geom_Test2 o [20FowAvea, Test v | Pot |Table
Rivers e (Cell Volume vs Blevation - Cell Volume
xs e
Storage Areas Cell Index 2 -
9120 Fi E=— "= ’ 1022 7] P wi
v|Break Lines — ’ 18239 1 -
L - 18240 1 A
Results - Sl N 18241 J /
7|Map Layers “'H. A 18242 ]
2DFlowAre efile 18243 A
DFloniseaShapefie y %, _J1_Right-Click on a cell fage je2ts s10-| /
c CenterLin: - O o
Go ite I ) ‘ 18245 = 1
All Enabled Results ‘524§ =
Time Series Plots , 18247 £
18248 2 J
Mesh: 2DFowArea_Test 18249 s |
8250
“ Find » 1 16250 i
v e 18251
Property Tables Cell: Volume - Elevation 18252
18253 4
FIm T Terrain50_Org20ftCombined Hevation: 565.07 feet Face: Area - Elevation 1 IR
€ I e Face: Wetted Perimeter - Elevation 18255 'un:
- ’ E Face: Manning's n - Elevation fhosd )
Face: Profile | s 1
P, | — | | s ———— e e e

18260 0 100000 200000 300000 400000
18261 Volume [ft~ 3]
18262 Y




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating Hydraulic Property Tables for the 2D Cells and Cell Faces:
= Once aterrain model is created, and optionally a Manning’s n by Land Cover table, then the following
steps are required to create the hydraulic property tables for the 2D cells and cell faces, which are
used in the 2D hydraulic computations:
v Associating a Terrain Layer with a Geometry File

v" 2D Cell and Cell Face Geometric Preprocessor i
v" Running the 2D Geometric Preprocessor _ _
ko Each cell, and cell face, of the computational mesh is
e e N e preprocessed in order to develop detailed hydraulic
e cr e T | A property tables based on the underlying terrain used
J o tines j : ]
’ in the modeling process
7 éii L”‘e’:n; g - 4 a5/ 2D Flow Area Property Tables - BaldEagleCreek_Geom _Test2 [falfo)==.]
7] BaldEagleCreek_Geom_Test2 o / (20RowAron_Tes »)| Pet [Table
Egm -3 [Face Profie ) Profile
A= - == o
B 0. =
e . “'”' »\ Right-Click on a cell fage
Mesh: 2DFlowArea_Test f# Jolle & o
( \\2 ;deertyTables } | Cell: Volume - Ele J i Eiis 5657 ‘/'/‘ :
f‘* y T A mtined B e SR e :: f“::te:‘:ea neter - Elevation :::g /
4 ﬂ ) / M \/l? i e e
ﬁv | = :255; (')""'5'0'"'1(;0""15‘0" ‘IZ(‘)O
15689 Profile [ft]




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating Hydraulic Property Tables for the 2D Cells and Cell Faces:
= Once aterrain model is created, and optionally a Manning’s n by Land Cover table, then the following

steps are required to create the hydraulic property tables for the 2D cells and cell faces, which are
used in the 2D hydraulic computations:

v Associating a Terrain Layer with a Geometry File
v" 2D Cell and Cell Face Geometric Preprocessor i
v Running the 2D Geometric Preprocessor

Each cell, and cell face, of the computational mesh is
preprocessed in order to develop detailed hydraulic

E% RAS Mapper
File Tools Help

Selected Layer: 2D Flow Areas @R N & wm E NS
7 Geometries i t I d h d I 9 9 d
BaldEagleCreek_Geom_Test sl property tables based on the under ying terrain use
ivers
7] Bank Lines B . j
the mode|
X Interpolation Surfaces ¥ INn the modaelin rocess
Stora as / -
20F s P = 3
7] Break Line a2/ 2D Flow Area Property Tables - BaldEagleCreek_Geom_Test2 =8 o=
V|BaldEagleCreek_Geom_Test2 e 2DFlowArea_Test v| [Plot | Table
Rivers : ‘
o " Face Profie -] Proie ) Elevation )
orage Areas - Face Index - 8.8
v — ~ > 15668 14161 568.6416
VBreak Lines —_— ,'i‘ - 15669 RE 565.1329
Results e d g 122_5 4 [156002 563.4509
a ] 567
7|Map Layers “.H. g 15672 5 |19.2788 562.1188
2DFlowAreaShapefile g £ N Rig Tt'CI Ck omac ” fa e 15673 6 207842 560.2157
A =4 -
¢ e 4 % | 15674 7 |a208 5604257
5675
Al Enabled Results 152‘5 43,9682 560.6025
Time Series Plots > ’ WEE:‘T 9 456177 560.8467
Mesh: 2DFlowArea_Test f" 15678 10 |581523 5624123
y f 15679 5
" Find » J | 1719566 563,633
( ; Property Tables Cell: Volume - Eld 15681 12 72333 563 685
8 3 351 4842
B A Terrain50_Org20ftCombined Elevation: 565.07 feet Face: Area - Elevafi o 13 |10351% 5648429
) 5 4 888 g
5 Face: Wetted Perifneter - Elevation 15684 14 [114.8885 5652623
o 15685 15 1246344 565.5838
v’ - Fac - Elevatiof 8 —
15686 16 | 1432565 566.2767
w [ Face: Profile -
¢ i 15687 17 |1509733 5665363
1229 18 |157.4406 566.938
WEB;E‘ 19 164 9875 567 764




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

* Creating Hydraulic Property Tables for the 2D Cells and Cell Faces:
= Once aterrain model is created, and optionally a Manning’s n by Land Cover table, then the following
steps are required to create the hydraulic property tables for the 2D cells and cell faces, which are

used in the 2D hydraulic computations:
v Associating a Terrain Layer with a Geometry File
v 2D Cell and Cell Face Geometric Preprocessor
v Running the 2D Geometric Preprocessor

g RAS Mapper
File Tools Help

Selected Layer: 2D Flow Areas

v|Geometries

BaldEagleCreek_Geom_Test

v|Rivers
v|Bank Lines
XS

XS Interpolation Surfaces

Storage Areas
2D Flow Areas
v|Break Lines

v|BaldEagleCreek_Geom_Test2

Rivers
XS
Storage Areas

M 20 Flow Araas

v|Break Lines

Results
v/|Map Layers
2DFlowAreaShapef:
v|Lock_Haven_Centg
Google Satellite
LandCover
--|¥| Terrains
V| Terrain50_0rg20ft(

After associating the geometry files
with the terrain layer, the user can

run the 2D flow area geometric

o

Layer Properties ...
Zoom to Layer
Move Layer

Export Layer

Open Folder in Windows Explorer

# pre-processor from within RAS
. Mapper.

Computing Property Tables for 2DFlowArea_Test

s (1/4)

\ 4

Computing Property Tables for ZDFlowArea_Testv

B RioaEsEino 20 Cells (4/4)

Compute 2D Flow Areas Hydraulic Tables

Property Tables

%‘-ﬂ" -

rocess the 2D flow area
ces into detailed tables




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

External 2D flow area Boundary Conditions:
In addition to connecting a 2D flow area to 1D River Reaches and Storage Areas, there are five types
of external boundary conditions that can be linked directly to the 2D flow areas:

/ FlOW Hyd rograph \{\ Gew:rmekucr[‘ata-Swng\el[‘i\éa-In:ema\@em Structure
/ X Tod; R\ver' St’orage 222? S’Ma Qrea'sA/at’:ﬁrea Dﬁm;{‘ aaaaa umy Description : Plot WS extents for Profile:
Stage Hydrograph B E G e i | | o =
\/NormaIDepth J.T/{?’
v" Rating Curve ]
v" Precipitation IR
Inlir

The Normal Depth and Rating Curve boundary conditions can only be used at locations where flow
will leave a 2D flow area.

The Flow and Stage Hydrograph boundary conditions can be used for putting flow into or taking flow
out of a 2D flow area.

For a Flow Hydrograph, positive flow values will send flow into a 2D flow area, and negative flow
values will take flow out of a 2D area.

For the Stage Hydrograph, stages higher than the ground/water surface in a 2D flow area will send
flow in, and stages lower than the water surface in the 2D flow area will send flow out.

If a cell is dry and the Stage boundary condition is lower than the 2D flow area cell minimum
elevation, then no flow will transfer.

The Precipitation boundary condition can be applied directly to any 2D flow area as a time series of
rainfall excesses



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

External 2D flow area Boundary Conditions:
In addition to connecting a 2D flow area to 1D River Reaches and Storage Areas, there are five types
of external boundary conditions that can be linked directly to the 2D flow areas:

D NI NI NI N

Flow Hydrograph
Stage Hydrograph
Normal Depth
Rating Curve
Precipitation

S

Internal ™. RN /I
Boundary 1 I

. . //
Condition | -
Line ~df
/-4/’-‘/
x/// //
_-— . - —/_h —
Upstream I i [
Boundary | /,ﬁ/"“"ff 5. |
Condition | </ |

Line | I

/‘-'-\/,
Savers Da
/,

7————

Boundary
Condition‘Line



3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

e External 2D flow area Boundary Conditions:
= |n addition to connecting a 2D flow area to 1D River Reaches and Storage Areas, there are five types

of external boundary conditions that can be linked directly to the 2D flow areas:

v Flow Hydrograph

Internal Bourittaty tirre

v’ Stage Hydrograph

v" Normal Depth

v" Rating Curve

v Precipitation

Upstréam Boundary Line ____——7<¢ T

T 1. .7 Downstream Boundary Line




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

e External 2D flow area Boundary Conditions:
= |n addition to connecting a 2D flow area to 1D River Reaches and Storage Areas, there are five types
of external boundary conditions that can be linked directly to the 2D flow areas:

7 Howy Iy el {mtemal B T

v' Stage Hydrograph — B Cm (e | il s T

v" Normal Depth :]—. ol o | ohe || o] o] ] ._1 i

v Rating Curve |- e, e[ e ] : :

v Precipitation e [ o [ - BluambeBml e | o t>aclle [[o [ e L
UpstreamBoundary Line 77l « [« | </« [ = ||| |"]* i

. . o _oa¥ BC Line: DSNormalDepth !

. _-_-:-'-"'.’f' : ' Edit BC Line Name ...

Plot Stage and Flow Hydrograph ...

Plot Terrain Profile under BC Line ..

Delete BC Line ...

Ty

Two different external boundary conditions .|I. RN I

cannot be attached to the same cell face. The —— R :

user must start or end at the adjacent cell face. T [/ = o= o= o= o= = :
Upstream ntw Downstream Boundary Line




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

e External 2D flow area Boundary Conditions:
= Once all of the 2D flow area boundary conditions have been identified (drawn with the “SA/2D Area

BC Lines” tool), the boundary condition type and the boundary condition data are entered within the
“Unsteady Flow Data” editor. ' e

Internal Bourtttaty tirfe

Upstream Bo

. oA .
. Unsteady Flow Data - Single 2D Area =N ECH %= . .

File Options Help

{_Bowndary. Gondifions.|| Initial Conditions |
Boundary Condition Types

I

B - o |
- T
| W B| ]
. . .
Add Boundary Condition Location
AddRS ... | Addsa/20 Flow Area ... | Add SA Connection ... | [ © / 2
Select Location in table then select Boundary Condition Type " M M
| |River IReach IRS | dary Condition I
.
Storage/2D Flow Areas dary Condition
| 1|BaldEagleCr  BCLine: Upstream Inflow Flow Hydrograph | . ||
2(BaldEagleCr  BCLine: DSNormalDepthy Normal Depth a 0S2NormalD
_3|BaldEagleCr _ BCline: DS2NormalD Normal Depth | 9
; SA Connections dary Condition |
YL | IISayers Dam /\ |T.S. Gate Openings I
e |e o] e epe -v¥ 7' a Dam
. L IS I R I g I I I I =g IO IO I I .
A >
A |
oo oo oo o] ofe]e . !B <
. 3 . . . . / Z/
. o |
B \ oo =
ol o . . | s o |-
e || T | =T | o | . EO T I Y
. \( ofo|e
o |\ oo o]
N — p—T
3 \\. 8l 5 '\\ DSNormalDepth
O I I N Y . . L
- T
Upstream inflow : Downstream Boundary Line




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

e External 2D flow area Boundary Conditions:
= Once all of the 2D flow area boundary conditions have been identified (drawn with the “SA/2D Area

BC Lines” tool), the boundary condition type and the boundary condition data are entered within the

o ”» 0 || I I I I I I I I I | | | [ I ] ] ]
Unsteady Flow Data” editor. Pl
Flow Hydrograph
SA: BaldEagleCr BCLine: Upstream Inflow
s (" Read from DSS before simulation Select DSS file and Path l
. Unsteady Flow Data - Single 2D Are| o[-0 . =
le:
File Options Help L oathe [
—t ath:
Boundary Conditions I Initial Conditiond | . 9
= | ¢ (% Enter Table Data time interval: |1 Hour v
Stage Hydrograph I Flow Hydrograph Rating Curve I ] Select/Enter the Data's Starting Time Reference
Normal Depth (% Use Simulation Time: Date: 1JAN1999 Time: 1200
U pSt ream BO I g \__ " Fixed Start Time: Date: _] Time:
I @ @ A No. Ordinates | Interpolate Missing Values | Del Row | Ins Row |
Add Boundary Condition Location T
Add RS | Add sa/2D Flow Area ... | Add SA Connection ... | | = SEta Fow
: (hours) (cfs)
| |River | Reach |Rs | dary Condition | 1 1 01Jan1999 1200 00:00 1000,
2 01Jan1999 1300 01:00 3000.
r 3 01Jan1999 1400 02:00 6500,
SErsye/ 20N ATens GO ion } H 4 01Jan1999 1500 03:00 8000.
: :"::E”:’g' :gt'"“ g::‘"““‘l;"";w ;' e h 9 5 01Jan1999 1600 04:00 9500.
alacagleCr ne: jormalDep! lormal Dep M »
_3|BaldEagleCr _ BCline: DS2NormalD Normal Depth }’ 3 gﬁanigzz ggg g:gg i;ggg
u an 3 '
A CONNECHONS dary Condition }- 8 01Jan1999 1900 07:00 14000.
| 1]sayers Dam |T.5. Gate Openinas | Al El 01Jan1993 2000 08:00 15500.
o | o [SToO ¥ 10 01Jan1999 2100 09:00 17000.
WL =i RN o | oo b o L omig: 11 01Jan1999 2200 10:00 18500.
12 01Jan1999 2300 11:00 20000.
L [ | T I | 13 01Jan 1993 2400 12:00 22000. -
R AR RN | OE | SRS L R o | . L N A o | . Time Step Adjustment Options (“Critical” boundary conditions)
| Tl e | i SRR ST USG50 N (S0 NS0 2| I~ Monitor this hydrograph for adjustments to computational time step
A o o oo ool ol N i | R e Min Flow: Multiplier: EG Slope for distributing flow along BC Line: [g.0005
e |e|o|e]|e|o]|e]e]e M | MRS M | | oK Cancell
B | o > | e
| . IS P P S
Upsirean nfiow ; - 1.1.7 Downstream Boundary Line




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

External 2D flow area Boundary Conditions:

= Once all of the 2D flow area boundary conditions have been identified (drawn with the “SA/2D Area
BC Lines” tool), the boundary condition type and the boundary condition data are entered within the

“Unsteady Flow Data” editor.

Internal

. Unsteady Flow Data - Single 2D Area
File Options Help

Boundary Conditions I Initial Conditions |

Stage Hydrograph

Boundary Condition Types

Flow Hydrograph I

_Apply Data |

| Rating Curve

Normal Depth

|
Upstream Bo l
|

el ToT Tl T T T T ToToTLT,
Flow Hydrograph
J SA: BaldEagleCr BCLine: Upstream Inflow

(" Read from DSS before simulation

(I il | . |, |,

Select DSS file and Path l

File: |
path: |

B
' .
| ¢ [ ¢ (% Enter Table Data time interval: |1 Hour v
I TR Select/Enter the Data's Starting Time Reference

(% Use Simulation Time: Date: J01JAN1999 Time: /1200

Date: _] Time: [—

" Fixed Start Time:

AddRS ... | Addsa/o Flj

Select Location in |

1

| I River | Reach

Storage/2D Flow Areas

1[BaldEagleCr  BCLine: Upstream Infifl
2|BaldEagleCr  BCline: DSNormalDepI
_3|BaldEagleCr _ BCline: DS2NormalD

SA Connections
| 1] Sayers Dam

| A F
& Flow Hydrograph oo = LE|R0_W| MI
(Piot)| Table | Hl'droraData
SA: BaldEagleCr BCLine: Upstream Inflow J Simulation Time Flow
100000 -i‘—‘f“;‘ (hours) (cfs)
00:00 1000,
80000 01:00 3000.
02:00 6500,
03:00 8000,
g 04:00 9500.
3 05:00 11000.
= 40000 06:00 12500,
07:00 14000,
08:00 15500.
20000 09:00 17000,
10:00 18500,
0 11:00 20000.
° z ¢ ¢ ¢ ° 12:00 22000. -
Simulation Time (days) J
N | I | y conditions)
computational time step
1 Max Change in Flow (without changing time step [

Upstream Inflow

Min Flow: for

Multiplier: EG Sloj

tributing flow along BC Line: [5.0005

Cancel l

Downstream Boundary Line



3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

e External 2D flow area Boundary Conditions:
= Once all of the 2D flow area boundary conditions have been identified (drawn with the “SA/2D Area
BC Lines” tool), the boundary condition type and the boundary condition data are entered within the

“ " A oulme e e el o (Bl [ | o [ |l [ | e [V .
Unsteady Flow Data” editor. | | ARIE
nternal BOUIaTY i€ oo o[- |- [= =~ [-[- = /=] -]-
A o | r—] . . . . . . . . . . . . . . . .
1 o (RN e eI, [ | B et 1 NS NS NS O (e [ [, | . .
. Unsteady Flow Data - Single 2D Area [-o-[-® ] k. . ~ v = —
File Options Help X - L. * . 2] . L I O R
Boundary Conditions | Initial Conditions | 4| . \:'_\—1 = S Ay 0 i . o | e | e | e | .
] I~~~ :
I | [ R N e ..- . \.‘ o | o o | o | B | NI
| | S NG
UpStream BO T.S. Gate Openings | Elev Controlled Gates | TV R R | | R A A R R \ oy N S A R I *
Rules | | o O I P [l | : ,.\\.....,
Gate Openings b '\ oo | o | o o
4
AddRS | Add SA/2D Flow Area . | Add SA Connection .. SA Conn: Sayers Dam ), 5 . . . . b
Select Location in table then selectBoundar Condition Type Gate Group: Gate #1 - ﬂﬂ ] ] 2 o X . X
[ lRlver IReach dary Condition
] (" Read from DSS before simulation Select DSS file and Path | .. \ . e
- File: | N
Storage/2D Flow Areas y Condition . . . o Ne . . .
1|BaldEagleCr  BCLine: Upstream Inflow Flow Hydrograph Path:[ \‘ L
2|BaldEagleCr  BCLine: DSNormalDepth Normal Depth ~ . . . . . \ .
_3|BaldEagleCr _BCLine: DS2NormalD Normal Depth (¢ Enter Table Data time interval: |1 Hour v \\ [ *
o | o o | ol | e N T~
ﬁ St the s trtng T Refrence JnnnIIRaE,
| 1]sayers Dam {T:5: Gate Openings % Use Simulation Time: Date: [J01JAN1999 Time: 11200 N
s | e T " Fixed Start Time: Date: _,Tlme: CON I I S f PN I B IR Vet
»
ool oo ]ofol ool elo]e]ele]e]e[s]>
AN N R T S T I P I S o s v O No. Ordinatesl Interpolate Missing Values | Del Row | Ins Row | et [ | *
efofo]ofolo]olelola]e]s|e]e]e|e][e]e]e]s Hydrograph Data < e Lo 1 e 1. [
efefefefo]e]ololo|olo|olo|e|e]e|[ec]e]s b Date Simulation Time | Gate Opening Height [§ «
(hours) (ft) -
= P P I o B I s 1| 01Jan1999 1200 00:00 2,
- o e i | B e = Sl 2| 01Jan1999 1300 01:00 2.
. . . 3| 01Jan1999 1400 02:00 2,
SRR SR IS 4| 01Jan1999 1500 03:00 2,
I | R 1 | 5| 01Jan1999 1600 04:00 2,
o [UCR= | B e o | . . 6 01Jan1999 1700 05:00 2,
sl 7| 01Jan1999 1800 06:00 2,
. Cl * 8| 01Jan1999 1900 07:00 2,
o o 9| 01Jan1999 2000 08:00 2. ﬂ
Upstream Inflow
LI B Y Plot Data OK ] Cancel I
— . r——




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

e 2D Flow Area Initial Conditions:

. Unsteady Flow Data - Single 2D Area o -E-| )

= 2D flow areas can: File Options Help

——e V' start completely dry Boundary Conditons [Tl Gandians | _foply o |
v be set to a single water surface elevation e ]

. X . (" Use a Restart File Filename: | QI
‘/ Set by US|ng a Resta rt Flle from a preVlous run (¢ Enter Initial flow distribution (Optional - leave blank to use boundary condtions)

v" they can be established using the 2D Initial AddRS... |
Conditions Ramp up Time option at the e — e 1

1 1000

beginning of the run.

* Nothing needs to be done to start a 2D flow
area in a dry condition, this is the default option.
* The model starts with the initial conditions, it
then holds all of the boundary conditions
> consta n_t' base,d on their Val%,le at the be_ginning | Initial Elevation of Storage Areas/2D Flow Areas (Optional) | Import Min SA Elevation(s) |
of the simulation, and then it runs a series of I Keep inital dlevations constant during wermup [E]
time steps with the constant inflow. e eelB Fon e Initel Elevation
* This allows the model to settle down to water
surface elevations and flows that are consistent

with the unsteady flow equations being applied.

[




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS

£ HEC-RAS 503 red®
File Edlt View Options GIS Tools Help
i i - |22 |¥ | | | o M
* 2D Flow Area Initial Conditions: =@l r““““ﬁ_? "= ALY AT
Project: Sedment Ay :\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D \BaldEagleDamBrk.prj g
™ 5 Plan: Ic:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.p03
2 D fl OW a re a S Ca n . Geometry: Water Quality Analysis ... Ic:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.g09
- Hydraulic Design Functions ... [
Steady Flow:
/ Sta rt CO m p | ete |y d ry Unsteady Flo Run Multiple Plans ... Ic:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.u13
/ . . Description : Run RAS-MODFLOW Coupled Model access to the informatipn in this model for instructional 3 J IUS Customary Units
be set to a single water surface elevation

v' they can be established using the 2D Initial rie_Opfions hele
COI’]dItIOI’]S Ramp up Tlme Opt|0n at the Geometry File : [Snngle 2D Area - Internal Dam Structure LI
beginning of the run. Unsteady Flow Fie : [Single 20 Area ]

Plan Description :

I v set by using a Restart File from a previous run . Unsteady Flow Analysis =

Plan : Single 2D Area - Internal Dam Structure Short ID ISingIe 2D

Programs to Run

° A Resta rt Fi Ie can be used to esta b | |S h In |t|a| ¥ Geometry Preprocessor In this example a single 2D flow area is used to model the J

entire system, including the Dam. The computational

oy e . IV Unsteady Flow Simulation mesh was modyfied in the area of the dam to align the cell
COhdItIOI‘lS fOf' an entlre H EC'RAS mOdel. l_sse:dlr‘;enot o faces along thgtop of the dam. A SA/2D C:Jnnegcnon was
i i Gl Eciocing the sop of dam. overfow spiiay. and lon o
e If a previous run has been made, and the option ™ Floodplain Mapping e ot
i i Simulation Time Window
to write . out a Restart File w§s_ gsed, thgn a it = E—
Restart File can be used as the initial conditions Ending Date: owanses 10|  EndngTme: [1200
Computation Settings
fo rasu bse q ue nt run. Comgutation Intervgal: 30 Second j Hydrograph Output Interval: |1Minute «
> ¢ For 2D modeling, the Restart File will contain a Mapping Output Interval: [10Minute  v| Detalled OutputInterval:  [tHour |
. . I~ Computation Level Output
Wate r su rfa ce € | evatlo n fo r eve ry Ce' I in th € DSS Output Filename: IC: \Users\shahab\Documents\HEC Data\HEC-RAS\Example Project: §I
m Od el . | Mixed Flow Regime (see menu: "Options/Mixed Flow Options ...")
° Resta rt files can be generated US|ng e|ther Of 1 Storage Area Connection with breach data. 1 set to breach.

the 2D equation sets (full Saint Venant or |
Diffusion Wave), and can be used to start a
model with a different equation set

Compute




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

B% HEC-RAS 503

File Edit View Options

=@

Unsteady Flow Analysis ..

GIS Tools Help

ol o =

e 2D Flow Area Initial Conditions:
= 2D flow areas can: ooty
start completely dry e

be set to a single water surface elevation
set by using a Restart File from a previous run
they can be established using the 2D Initial
Conditions Ramp up Time option at the
beginning of the run.

RN NANIN

Sediment Analysis ...

Water Quality Analysis ...

Hydraulic Design Functions ...

Run Multiple Plans ...

Run RAS-MODFLOW Coupled Model ...

) | ¥ |Z||¥|n| | 8|6 o Tiall
:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D \BaldEagleDamBrk.prj g‘

Ic:\...\2D Unsteady flow Hydraulics\Baldi

leCrkMulti2D

|dEagleDamBrk.p03

Ic:\...\2D Unsteady flow Hydraulics

leCrkMulti2D'

IdEagleDamBrk.g09

[

Ic:\...\2D Unsteady

low Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.u13

=
HEC-RAS - Set Output Control Options

Restart File Options I Detailed Log Output | Computation Level Output Options | HDF5 Write Parameters

[~ Write Initial Condition file(s) during simulation

First file time
% Hours from begining of simulation:

" Fixed Reference:  Date:

Filename: BaldEagleDamer

—

k.p03.DDMMMYY hhmm .re
p03.DL 1Y hhmr

Second and additional restart files written:
Hours between writes (blank for none):

—

[~ Write Initial Condition file at the end of the simulation

4. Unsteady Flow Analysis
File Help
Plan Stage and Flow Output Locations ...

Flow Distribution Locations ...
Flow Roughness Factors ...
Seasonal Roughness Factors ...

Pro Automated Roughhess Calibration ...

A 4 v

v Unsteady Encroacments ...
Ungaged Lateral Inflows ...

v

r Dam (Inline Structyre) Breach ...

Sim Levee (Lateral Strudture) Breach ...

Stz v SA Connection BrIch
1 - En
5| Time: - Mixed Flow Optio
‘ t of
‘ Con Time Slicing ...

Mag Calculation Optiorx and Tolerances ...

: I Output Options ... I

DSS Friction Slope Method for Cross Sections ...

r Friction Slope Method for Bridges ...

15t Initial Backwater Flow Optimizations ...
Sediment Computation Options and Tolerances ...

Cancel I i .

Sediment Output Options ...

access to the informatipn in this model for instructional

J [US Customary Units

1 to model the _I
butational

to align the cell
onnection was

int the Dam,

and low flow
control flow

I 1Minute I
I 1 Hour ZI

mple Projects g"l




3. Overview of how to set-up a combined 1D/2D unsteady flow model

in HEC-RAS

B% HEC-RAS 503

File Edit - View Options GIS Tools Help

* 2D Flow Area Initial Conditions: ]

Project:

HT.

- |22 ¥

[Vt [E|ﬁ||:§‘|oss| M

oo =

= 2D flow areas can:
start completely dry e
Description :

be set to a single water surface elevation

RN NANIN

Sediment Analysis ...
Water Quality Analysis ...

Hydraulic Design Functions ...

Run Multiple Plans ...
Run RAS-MODFLOW Coupled Model ...

:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D \BaldEagleDamBrk.prj g

Ic:\...\2D Unsteady flow Hydraulics leCrkMulti2D\BaldEagleDamBrk.p03
Ic:\...\2D Unsteady flow Hydraulics leCrkMulti2D\BaldEagleDamBrk.g09
[

Ic:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.u13

access to the informatipn in this model for instructional

% J IUS Customary Units

Stage and Flow Output Locations ...

Automated Roughhess Calibration ...

Levee (Lateral Struqture) Breach ...

Calculation Option's and Tolerances ... |

Friction Slope Method for Cross Sections ...
Friction Slope Method for Bridges ...

Initial Backwater Flow Optimizations ...

Sediment Computation Options and Tolerances ...

set by using a Restart File from a previous run A, na
5 5 s File [Options | Help
they can be established using the 2D Initial |
Plan
Conditions Ramp up Time option at the Flow Distribution Locations ...
. . Flow Roughness Factors ...
beginning of the run.
Seasonal Roughnegs Factors ...
HEC-RAS Unsteady Computation Options and Tolerances Pro
v
General (1D Options) | 1D/20 Options | v Unsteady Encroachments ...
[~ Use Coriolis Effects (only when using the momentum equation) v Ungaged Lateral Inflows ...
Number of cores to use in 2D computations: 10 cores v r Dam (Inline Structd re) ey
Parameter (Default) BaldEagleCr )
1|Theta (0.6-1.0): 1 1 Sim
2| Theta Warmup (0.6-1.0): 1 1 Stq SA Connection Brehch ...
3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01 En
4|Volume Tolerance (ft) 0.01 Mixed Flow Optiol
5|Maximum Iterations 20 Cor| X .
6|Equation Set Diffusion Wave Corl Time Slicing ...
7| Initial Conditions Time (hrs)
8| Initial Conditions Ramp Up Fraction (0-1) 0.5 May
9| Number of Time Slices (Integer Value) [ .
10 | Eddy Viscosity Transverse Mixing Coefficient OUtPUt Optlons
Boundary Condition Volume Check DSY
Latitude for Coriolis (<80 to 90) r
15k
ok | _cancel | Dpefaus... | || (20 Sediment Output Options ...

If a 2D area has external boundary conditions (flow hydrographs or stage hydrographs) then the 2D flow area “Initial
Condition Ramp Up Time” must be turned on to get flow through the 2D area in order to establish its initial

conditions before the start of the simulation (or even before the start of the overall model warm-up time).

i to model the J
butational

to align the cell
pnnection was

int the Dam,

and low flow
control flow

IlMinute 'I
|1Hour v|

mple Projects E‘




3. Overview of how to set-up a combined 1D/2D unsteady flow model
in HEC-RAS - ——
File Edit (Run) View Options GIS Tools Help

* 2D Flow Area Initial Conditions: LN rr—— | || 7| |¥]n

:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D \BaldEagleDamBrk.prj g

HT.

[Vt [E|m||:§‘|oss| M

R Sediment Analysis ... = "
. Plan: Ic:\...\2D Unsteady flow Hydraulics leCrkMulti2D\BaldEagleDamBrk.p03
u 2 D fl OW a reas Ca n . T Water Quality Analysis ... Ic:\...\2D Unsteady flow Hydraulics leCrkMulti2D\BaldEagleDamBrk.g09
Steady Flow? Hydraulic Design Functions ... [
start completely dry N D Uty fon e BaE e A D SR eoarB T
Description : Run RAS-MODFLOW Coupled Model .. access to the informatipn in this model for instructional a J ]US Customary Units

be set to a single water surface elevation
set by using a Restart File from a previous run
they can be established using the 2D Initial | (Siage a0 Fow Gutput Locsoome :
Con.diti'ons Ramp up Time option at the :ow Eistri:utionFL.oc:ations ]
beginning of the run. [ S =

Seasonal Roughnegs Factors ...

A
File [Options | Help

RN NANIN

HEC-RAS Unsteady Computation Options and Tolerances [P7r° Automated Roughhess Calibration ... 1 to model the J
[ ) butational
General (1D Options) | 1D/2D Options | v Unsteady Encroacments ... to align the cell

onnection was
[~ Use Coriolis Effects (only when using the momentum equation) Ungaged Lateral Inflows ...

v int the Dam,
Number of cores to use in 2D computations: |10 cores v r . and low flow
Dam (Inline Structyre) Breach ... control flow

Parameter (Default) BaldEagleCr Sim Levee (Lateral Strudture) Breach ...
1|Theta (0.6-1.0): 1 1 —
2| Theta Warmup (0.6-1.0): 1 1 S5ti v SA Connection Brepch ...
3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01 En
4|Volume Tolerance (ft) 0.01 Mixed Flow Optiorgs ...
5|Maximum Iterations 20 Cor| X .
6| Equation Set Diffusion Wave Cor Time Slicing ... I iMinute I
7| Initial Conditions Time (hrs) © I I
8| Initial Conditions Ramp Up Fraction (0-1) 0.5 May I Calculation Options and Tolerances ... I 1 Hour v

9| Number of Time Slices (Integer Value) [ .
10| Eddy Viscosity Transverse Mixing Coefficient Output Options ... -
Boundary Condition Volume Check DSsg Friction Slope Method for Cross Sections ... mple Project: E‘
Latitude for Coriolis (<80 to 90) r
Friction Slope Method for Bridges ...
15t Initial Backwater Flow Optimizations ...

Sediment Computation Options and Tolerances ...
ok | _cancel | pefaurs.. | ff |0 Sediment Output Options ...

* Additionally, the user must enter what fraction of that time is used for ramping the 2D boundary conditions up
from zero to their first value (i.e. a stage or a flow coming in).




Objectives of This Workshop

Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

Required geophysical and flow information for setting up HEC-
RAS 2D models

Overview of how to set-up a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output
capabilities



4. Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

* Running a combined 1D/2D unsteady flow model in HEC-RAS is no different than running a
standalone 1D unsteady flow model.

 HEC-RAS has the ability to perform two-dimensional unsteady flow routing with either the Full Saint
Venant equations (with added terms for turbulence modeling and Coriolis effects) or the Diffusion
wave equations.

Within HEC-RAS the Diffusion Wave equations are set as the default, however, the user should always
test if the full Saint Venant Equations are need for their specific application.

A general approach is to use the Diffusion wave equations while developing the model and getting
all the problems worked out

e Once the model is in good working order, then make a second HEC-RAS Plan and switch the
computational method to the Full Momentum equation option

 Full Momentum will generally require a smaller computation interval than the Diffusion wave
method to run in a stable manner. If there are significant differences between the two runs, the
user should assume the Full Momentum (Saint Venant equations) answer is more accurate

 There are some obvious situations that the Full Momentum equation set should always be used:
Highly Dynamic Flood Waves (e.g. dam breaching or flash flood analysis)

Abrupt Contractions and Expansions (e.g. In areas of very abrupt contractions and expansions)
Tidally Influenced Conditions (e.g. modeling a bay, estuary, or a river that is tidally influenced)
General Wave Propagation Modeling (e.g. wave run-up on a wall or around an objects)

Super Elevation around Bends (a tight bend in either a natural or designed channel, and you
want to see if there is any super elevation of the water surface on the outside of the bend)

To compute a detailed velocity distribution at or near a hydraulic structure (e.g through a
bridges and around the abutments and piers; through a gate or culvert; etc.)

AN NI NI NN

AN



4. Overview of how to execute a combined 1D/2D unsteady flow

model in HEC-RAS

Selecting an Appropriate Grid Size and Computational Time Step

Assigning an appropriate mesh cell size (or sizes) and computational time step (AT) is very important
to getting accurate answers with 2D flow areas.

It is very important to understand the way the computational mesh is representing the underlying
terrain in order to make a good decision on how many cells, and of what size, will be necessary to
model the terrain and the event accurately.

The HEC-RAS cell faces are detailed cross sections, which get processed into detailed elevation versus
area, wetted perimeter, and roughness.

The key to making a good computational mesh in HEC-RAS is ensuring that the faces of the cells
capture the high point of barriers to the flow.

A single water surface elevation is computed in the center of each cell. So the larger the cell size, the
further apart are the computed values of the water surface, and thus the slope of the water surface
is averaged over longer distances (in two dimensions)

—— o S e m  w mes  m— S e — I

| o o L = If the water surface slope will vary rapidly, smaller
| o T | cell sizes must be used in that area to capture the
: N | changing water surface and its slope.

E % : = HEC-RAS allows the user to vary the cell size and
| = et shape at all locations in the model.

| = 3\ [ g [ = |t is also recommended to align grid cells along the
b N g | main channel by means of adding Breaklines.

IE \L/ |

= | e A I === — == === === =

| = Profie I | 250 ft. X 250 ft. mesh grid laid over

. 4 |

| I

| the 20 ft. X 20 ft. terrain model




4. Overview of how to execute a combined 1D/2D unsteady flow

model in HEC-RAS

e Selecting an Appropriate Grid Size and Computational Time Step
= The cell size must be adequate to describe the water surface slope and changes in the water surface

slope.

= |f the water surface slope does not change rapidly, larger cell sizes can be used to accurately compute
the water surface elevation and slope. If the water surface slope changes rapidly, then smaller cell
sizes need to be used to have enough computation points to describe the changing water surface

=  While cell sizes (and shapes) can vary, transitioning from larger to smaller cell sizes should be done

gradually to improve computational accuracy.

= Picking an adequate time step is a function of the cell size and

the velocity of the flow moving though those cells.

= Users should always test the consistency of

their

computational mesh and selected time step. The consistency

principle requires a reduction of both the space (grid) and time

steps in order to guarantee convergence of a solution.

Diffusion Wave Equations:

C—VAT<20 ith C=5.0
=3y =2 (with amax C = 5.0)

Or

AT < X (With C = 1.0)

Saint Venant Equations (full momentum):

VAT
C= X < 1.0 (withamax C = 3.0)

Or

AT < 2 (With C = 1.0)

Where:

AT
AX

Courant Number
Flood wave velocity (wave celerity) (ft/s)

Computational time step (s)

Average cell size (ft)




4. Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

Performing the computation

1.

make a Plan by selecting the geometry
that contains the combined 1D and 2D
data

select an unsteady-flow file for the
event to run, and give the Plan a Title
and a Short ID

recheck the association of the terrain
model and landcover layer

B2 HEC-RAS 5,03

File Edit |Run| View Options GIS Tools Help

The post processor option provides
additional (and detailed) output for 1D
areas and it is only applicable for 1D
data sets and mixed 1D/2D data sets.

If this option is turned on, after the
program has completed the unsteady
flow computations and the post
processing, the last thing it will do is
run a separate process called
“ComputeFloodMaps.exe” in order to
generate a depth grid (stored to disk)
of the maximum inundation that
occurred at all locations in the model.

o] @ )

Simulation Tinfe Window

pmputation pettings

@|d| | | | £ 2| ¥|n| | 8|8 os M
- ] Unsteady Flow Analysis ... -_— .
Project: | KC:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.prj il
Plan: Sediment/Analysis: - Ic:\...\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.p03
Geometry: Water Quality Analysis ... I k::\...\ZD Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.g09
Steady Flows Hydraulic Design Functions ... I [
Unsteady Flo Run Multiple Plans ... [c:\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.u13
Description : R R . - access to the informatipn in this model for instructional - —I IUS Customary Units
un RAS-MODFLOW Coupled Mode e
g f ¥
/S~ Unsteady Flow Analysis X3
File Options Hely
Plan : Eingle 2D Area - Internal Dam Structure Short ID |Single 2D
Geometry File : [Smgle 2D Area - Internal Dam Structure L]
Unsteady Flow File : [Single 2D Area L]
Plan Description :
Programs to Run
v 9 In this example a single 2D flow area is used to model the —J
Geometry Preprocessor entire system, including the Dam. The computational
IV Unsteady Flow Simulation mesh was modyfied in the area of the dam to align the cell
[T sediment faces along the top of the dam. A SA/2D Connection was
[V PostProcessor added inside of the 2D flow area to represent the Dam,
I—— v’:l dolain M including the top of dam, overflow spillway, and low flow
e N gates. This internal hydraulic structure will control flow

ftarting Dats oUAN1999 1| Starting Time: |1200

nding Date: [o43an1999 [T Ending Time:  [1200

bmputation Interval: 30 Second v | Hydrograph Output Interval: |1Minute

Ppping Outplt Interval: I 10 Minute ﬂ Detailed Output Interval: I 1 Hour Lj

d
(¢
g
M
[T Computatbn Level Output
D)
I

BS Output Filename: IC: \Users\shaljab\Documents\HEC Data\HEC-RAS\Example Project: IEF\']

[ Mixed Flow Regime (see menu: "Options/Mixed Flow Options ...")

1 $torage Area Connection with breacly data. 1 set to breach.

Compute I

In general, this option will most likely not be used when
running HEC-RAS in standalone mode.

This option is not required for flood
mapping.




4. Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

B HEC-RAS 5.03 =i
File Edit Run View Options GIS Tools Help
; : =] i I B O 2 b A Nl =5 '
e Performing the computation | !r*mmm—' | AN ™
Project: Sedment Amayee | E::ZD Unsteajy :ow Hy:rau:lcs\\za:ang:eCrl;Mu:hZDEa::Eag:eDamBr:.pr] i’
Q lan: :\...\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.p03
1 ° m a ke a P | a n by Se I eCtI n g th e geo m et ry Z:omen v Water Quality Analysis ... I k::\...\ZD Unsteady flow Hydraulics\BaldEagleCrkMulti2D \BaldEagleDamBrk.g09
. . Steady Flows Hydraulic Design Functions ... 1 [
t h at CO nta I n S t h e CO m b I n ed 1 D a n d 2 D U;iatezdv‘::o Run Multiple Plans ... I [c:\.\2D Unsteady flow Hydraulics\BaldEagleCrkMulti2D \BaldEagleDamBrk.u13
d t Description @ Run RAS-MODF oupled Mode ’access to the informatipn in this model for instructional S J }US Customary Units
data : —
2. select an unsteady-flow file for the . Unsteady Flow Analysis =
. . File tions He
event to run, and give the Plan a Title R
d Sh t | D Plan : Single 2D Area - Internal Dam Structure Short ID |S|ngle 20
ana a or
Geometry File : ISlngIe 2D Area - Internal Dam Structure L]
3. recheck the association of the terrain Unsteady Fiow File : ~[Single 2D Area -l
Plan Description :
model and landcover layer Programs to Run e —
. . |V Geometry Preprocessor Ie?mrles ::(sig]n‘: ei:df.:g?nz %i?e gé\marél'?wg :'t)snip:ga::n; © —I
4. The post processor option provides ¥ Unsteady Flow Simulation | [mesh was modyfied in the area of the dam to align the cel
.. . [~ sediment faces along the top of the dam. A SA/2D Connection was
additional (and detailed) output for 1D ¥ Post Processor added inside of the 2D flow area to represent the Dam,
L : ™ Foodsntipng | [okdng b o oo oo sy, o
areas and it is only applicable for 1D =i — ‘
y p p Simulation Time Window
data sets and mixed 1D/2D data sets. Starting Date: ouAN1993 F|  tarting Time: [1200

Ending Date: [O-UAN 1999 I Ending Time: |1200

Computation Settings

5. If this option is turned on, after the
p rogra m h as com p I ete d th e un Stea dy Computation Interval: 30 Second v | Hydrograph Output Interval: |1Minute
Mapping Output Interval: [ 10 Minute j Detailed Output Interval: [ 1 Hour j

flow computations and the post ™~ Computation Level Output

prOCGSSIng the Iast thlng |t Wl” do |S DSS Output Filename: IC:‘\Users\shahab\Docunents\HECData\HEC-RAS\ExampIePro;ects @l
’

run a separate process called

“ComputeFloodMaps.exe” in order to

generate a depth grid (stored to disk) |

|~ Mixed Flow Regime (see menu: "Options/Mijed Flow Options ...")

1 Storage Area Connection with breacly data. 1 set to breach.

Compute I

of the maximum inundation that |. setting Computation, Hydrograph, and Mapping Output
occurred at all locations in the model. Intervals (to be applied in RAS Mapper).

This option is not required for flood | * Computation Interval < Hydrograph and Mapping
mapping. Output Intervals




4. Overview of how to execute a combined 1D/2D unsteady flow

model in HEC-RAS

e Computation Progress, Numerical

Stability, and Volume Accounting

= As the Unsteady flow simulation runs,
information is provided as to the
progress of the run, how many
iterations the 1D and 2D components
are using to solve a particular time
step, and numerical stability messages
are written to the Computational
Messages window.

= |fany 1D or 2D element (cross section,
storage area, or 2D cell) is not solved
to within the pre-defined numerical
tolerance during a time step, a
message will be written to the
message window. This message will
provide information as to which cross
section, storage area, or 2D cell had
the greatest amount of numerical
error for that time step.

E% HEC-RAS Finished Computations

Write Geometry Information
Layer: Complete

o] & =)

Geometry Processor
River:

Reach:

IB Curve:

el
‘

Node Type:

Unsteady Flow Simulation

Simulation:

Time: 72,0000 04JAN1999  12:00:00
Unsteady Flow Computations

Iteration (1D): Iteration (2D): 0

Computation Messages

Writing Geometry

Computing 2D Flow Area 'BaldEagleCr' tables: Property tables do not exist.
2D Flow Area 'BaldEagleCr' tables complete 33.67 sec

Completed Writing Geometry

Geometric Preprocessor HEC-RAS 5.0.3 September 2016
Finished Processing Geometry

Writing Event Conditions
Event Conditions Complete

Performing Unsteady Flow Simulation HEC-RAS 5.0.3 September 2016

Custom Read/Flags

Finished Unsteady Flow Simulation
Writing Results to DSS

1D Post Process Skipped (simulation is all 2D)
Computations Summary

Computation Task

Completing Geometry
Preprocessing Geometry(64)

Time(hh:mm:ss)
34

<1

Unsteady Flow Computations(64) 14:02
Writing to DSS(64) <1
Complete Process 14:37




Objectives of This Workshop

Introduction to HEC-RAS 2D and two dimensional modeling
advantages relative to 1D models

Required geophysical and flow information for setting up HEC-
RAS 2D models

Overview of how to set-up a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to execute a combined 1D/2D unsteady flow
model in HEC-RAS

Overview of how to demonstrate the result of a combined
1D/2D unsteady flow model in HEC-RAS and RAS Mapper
output capabilities




5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

Once the user has completed an unsteady-flow WHECTem— B e
run of the 1D/2D model, results can be viewed | z[&| « A AP APAPAL = N mran LA A [ Hiadl

. . Project: Bald Eagle Creek Example Dam Break Study s \ID Unstehdy Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk. prj g‘
within RAS Mapper oo |

= ||~
1_+|_‘|m

—
Cit)

&3

o

Geometry: Bald Eagle Multi 2D Areas k:\...\2D Unstehdy Flow Hydraulics\BaldEagleCrkMulti2D \BaldEagleDamBrk.g06
Steady Flow: | |
Unsteady Flow: /1972 Flood Event - 2D Levg Structure k:\....\2D Unsteady Flow Hydraulics\BaldEagleCrkMulti2D\BaldEagleDamBrk.u0 1
Description : IThe United States Army Cprps of Engineers has granted access to the information in this model for instructional 2 —] IUS Customary Units
RAS Mapper (=8 EoR <=
File Tools Help
Selected Layer: 2D Flow Areas hhO®R XN e w 2 N4 < »

7] Geometries
+ Bald Eagle Multi 2D Areas
+ 1D-2D Dam Break Model Refined Grid
#[]U.52D-D.S 1D No Dam
#7120 to 2D Connection
+ SA to 2D Connection
= [9]Single 2D Area - Internal Dam Structure
Rivers
Bank Lines
River Edge Lines
Junctions
XS
Storage Areas
20 Flow Areas
XS Interpolation Surfaces
Break Lines
Manning's n Regions

SAto 2D Flow Area

SAto 2D Flow Area - Detailed
Results

PMF Multi 20°

1D-20 Refined Grid"

2D to 1D No Dam ™

2Dto 2D Run*
SAto 2D Dam Break *
V] Single 2D
5 [¥] Geometry
Rivers
Bank Lines
River Edge Lines
Junctions
XS
Storage Areas
v

XS Interpolation Surfaces

| Depth (Max) [ |
Velocity (Max)
WSE (01JAN1999 12:00:00)
w7 2D Levee Struc™
#1[7] $4-2D Det Breh*
0[] $4-2D Det FEQ*
(V| Map Layers
V| Terrains

V| Terrain50 == ]

e aeesdes

Messages| Views | Profile Lines|




5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

£ RAS Mapper [E=sEn )

RAS Mapper has the following capabilities:

= Develop terrain models for use in 2D
modeling and visualizing 1D/2D model
results. Terrain models can be
developed from one or more terrain
tiles, and these tiles can have different
grid resolutions.

= Develop Land Cover Layers for use in
defining Manning’s n values for 2D flow
areas.

= Various types of map layer results can
be generated (shapfiles and rasters)

= Computed model results can be
displayed dynamically on the fly, or they
can be written to a static (stored to disk)
map layer/depth grid.

e . B

N
Y Y Y
= Computed model results can be 1 2 3 4

animated (dynamic mapping) or shown
for a specific instance in time.

Navigation tools
”"Measure Distance” tool; produce terrain XS profile
= Time series plots and tables can be ”Static Velocity Arrows” and “Particles Tracing”
displayed for 1D and 2D output directly Animation tools; ”Max” and ”Min” will set cell values to

from RAS Mapper, at any location where their reported minimum and maximum values
there is a map layer result.

Sl



5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

£ RAS Mapper [E=8 EoR =)

RAS Mapper has the following capabilities:

= Develop terrain models for use in 2D
modeling and visualizing 1D/2D model
results. Terrain models can be
developed from one or more terrain,
tiles, and these tiles can have different
grid resolutions.

= Develop Land Cover Layers for use in
defining Manning’s n values for 2D flow
areas.

= Various types of map layer results can
be generated (shapfiles and rasters)

= Computed model results can be
displayed dynamically on the fly, or they

e . B

can be written to a static (stored to disk) | [, ) @ @ wx 2 « G e N5 (Max][Min] < » » OHF
map layer/depth grid. \ v A A— A . )
= Computed model results can be 1 2 3 4

animated (dynamic mapping) or shown
for a specific instance in time.

Navigation tools
”Measure Distance” tool; produce terrain XS profile
= Time series plots and tables can be ”Static Velocity Arrows” and “Particles Tracing”
displayed for 1D and 2D output directly Animation tools; ”Max” and ”Min” will set cell values to

from RAS Mapper, at any location where their reported minimum and maximum values
there is a map layer result.

= g



5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabllltles

RAS Mapper has the following capabilities:

= Develop terrain models for use in 2D
modeling and visualizing 1D/2D model
results. Terrain models can be
developed from one or more terrain
tiles, and these tiles can have different
grid resolutions.

= Develop Land Cover Layers for use in
defining Manning’s n values for 2D flow
areas.

= Various types of map layer results can
be generated (shapfiles and rasters)

= Computed model results can be
displayed dynamically on the fly, or they
can be written to a static (stored to disk)
map layer/depth grid.

= Computed model results can be
animated (dynamic mapping) or shown
for a specific instance in time.

= Time series plots and tables can be
displayed for 1D and 2D output directly
from RAS Mapper, at any location where
there is a map layer result.

kO o0
\ )
1. Navigation tools

2. ”"Measure Distance” tool; produce terrain XS profile

3. ”Static Velocity Arrows” and “Particles Tracing” e

4. Animation tools; "Max” and "Min” will set cell values to

their reported minimum and maximum values



5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

Creating Static (Stored) Maps

= this editor will allow the user to create new map layers (Add
New Map), as well as generate stored maps to a file

= Only the map layers that are turned on will be available to
plot.

Results Map Parameters: Map
Output Mode

=¥

v

|
RAS Results Information

om to Layer

Remove Layer
Move Layer »

Show Compute Messages ...

Add new results map layer ...

v

Manage all map layers ...

ey

TRy

1. Layers generated to be used

a5’ Manage Results Maps (=3
and visualized only within RAS View Result Maps fo: (Snge 2D . (@) () [ ComputelUpdate Stored Maps ]
Mapper platform Results and Maps Store Status
X Single 2D | Add New Map |
2. Saving Layers (Raster or 3 —ocui I
. Velocity (03JAN1999 10:20:00) N/A [  EdtMap |
Shapefiles) generated from WSE (0141588 120000 A ot ep
computed maps and layers to a
P T R e ey e B e e e e e e e = 1
Ioca I d ISk' o3 Results Map Parameters @ |
Map Type (select one) Unsteady Profile Map Output Mode
| @ Maximum Generated for Current View (in memory) 1 I
l-/’\/;;gtfurface Elevation Minimum @ Raster (with Associated Terrain) I
Inundation Boundary Point Feature Layer
Flow (1D Only) Profile 2 I
Shear Stress 01JAN1999 12:00:00 A Stored (saved to disk) — I
Depth * Velocity 01JAN1999 12:10:00 Raster based on Terrain: Tengain50
Depth * Velocity"2 01JAN1999 12:20:00 I
Arival Time 01JAN1999 12:30:00 Point Feature Layer 2
Recession 01JAN1999 12:40:00 T
Duration 01JAN1999 12-50:00 Polygon Boundary at Value: |
Percent Time Inundated 01JAN1999 13:00:00
Stream Power 01JAN1999 13:10:00 I
Depth Max Extent 01JAN1999 13:20:00
Wet Cells 01JAN1999 13:30:00 o
Layer Name Depth I
Map Type: A Map layer will be created for Flood Inundation Depths.
Map Mode: Map results are generated onthe4ly for the cument view Save Map ] [ Cancel ‘




5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

Profile Lines

= HEC-RAS Mapper has the option for user to draw a line
on the map, give that line a name, then use that line to
plot whatever results is turned on over top of the line.

% RAS Mapper [=n[EcE =
File Tools Help
Selected Layer: Depth R O®R XN e in N4 [Max](Min] <« Y e D
= [7] Geometries & 2 1 v ; ¥ 'ng y ,/ .
s - 4 /
1) [ Bald Eagle Muli 20 Areas - 4 fad P 7 ol L 7 . 3 'f(" Max
10-2D Dam Break Model Refined Grid > . £ 717,

#-["]U.S2D- D.S 1D No Dam
v 2D to 2D Connection
£ SA to 2D Connection
=-[¥|Single 2D Area - Internal Dam Structure
Rivers
Bank Lines
River Edge Lines
Junctions
XS
Storage Areas
2D Flow Areas
XS Interpolation Surfaces
Break Lines
Manning’s n Regions

' SAto 20 Flow Area

+ SAto 2D Flow Area - Detailed
V|Results

#-[C] PMF Muiti 20"

2592 o
Al Enabled Results
Time Series Plots >
Profile Line: ‘Garys Profile’ E [No enabled maps with profi
Plots > elocity [No e ed

Time Series 4

Temrain50 Hevation: 586.56 feet

Profile
ChannelConstriction

Messages | Views Profile Lines|




5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

Profile Lines

= HEC-RAS Mapper has the option for user to draw a line
on the map, give that line a name, then use that line to
plot whatever results is turned on over top of the line.

% RAS Mapper
File Tools Help

Selected Layer: Depth ) @R X & -

=[V|Geometries
' Bald Eagle Multi 2D Areas
+ 1D-2D Dam Break Model Refined Grid
#-[]U.S2D - D.S 1D No Dam
+ 2D to 2D Connection
' SA to 2D Connection
=-[¥|Single 2D Area - Internal Dam Structure
Rivers
Bank Lines
River Edge Lines
Junctions
XS
Storage Areas
2D Flow Areas
XS Interpolation Surfaces
Break Lines
Manning’s n Regions

(] SA to 20 Flow Area
#-[7] SAto 2D Flow Area - Detailed
= (V| Results
£)-[] PMF Multi 20*
10-2D Refined Grid"
w-[5] 20 to 1D No Dam ™
47 20 to 20 Run®
0[] $4 to 2D Dam Break *
=¥ Single 2D
-1-[¥] Geometry
Rivers
Bank Lines
River Edge Lines
Junctions
XS
Storage Areas
2D Flow Areas
XS Interpolation Surfaces
VI Max)
Velocity (03JAN1999 10:30.00)
WSE (01JAN1999 12:00:00)
-7 20 Levee Struc™
v (] $4-2D Det Breh*
i1 84-20 Det FEQ *
+[V|Map Layers
=1 [V| Terrains
V| Terrain50

Profile Line: ‘Garys Profile’
Plots

Time Series

Termrain50 Hevation: 586.56 feet

L ,' . ‘ i
< 3 - , . r
» % £ i

Garys Profile |
ChannelConstriction [ﬂ

Messages | Views Profile Lines|

u) RASMapper Plot [F=R[EcE "<
Plot Table
Depth
—Single 2D

30
20+
@
&
£
Q.
@Y
o

10

0 T T T T T T T T T
16:00 00:00 08:00 16:00 00:00 08:00 16:00 00:00 08:00
Time (1/3/1999)




5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

Profile Lines

= HEC-RAS Mapper has the option for user to draw a line
on the map, give that line a name, then use that line to
plot whatever results is turned on over top of the line.

ﬂRASMupper
File Tools Help

Selected Layer: Depth

=1-[V| Geometries
+-("| Bald Eagle Multi 2D Areas

#("] 1D-2D Dam Break Model Refined Gri

#-[]U.S2D - D.S 1D No Dam
¥ 2D to 2D Connection
+"] SA to 2D Connection

id

=-[¥| Single 2D Area - Internal Dam Structure
ivers

R

Bank Lines

River Edge Li
Junctions

XS

Storage Areas

2D Flow Areas

XS Interpolation Surf:
Break Lines
Manning’s n Regi

' SAto 2D Flow Area

+-[ ] SAto 2D Flow Area - Detailed
=-[V|Results

' PMF Multi 20"

' 1D-2D Refined Grid"

«-[C] 2D to 1D No Dam *

v 2Dto 20 Run*

4] 4 to 2D Dam Break *

=-[V] Single 2D

=)-[¥] Geometry

0 as
2D Flow Areas
XS Interpolation Surfaces

Velocity (03JAN1999 10:30:00)
WSE (01JAN1999 12:00:00)
#-[7] 2D Levee Struc™
#1[7] §4-20 Det Brch *
4] §4-2D Det FEQ*
# (V] Map Layers
V| Terrains

Terrain0 == =
" »

ChannelConstriction

[+
(x]

Messages | Views Profile Lines|

590

o
©
@

Elevation [feet]

575 4

a5 RASMapper Plot

Plot | Table

Terrain Profils

e on 'Garys Profile’

1|

T

_' \N'\\ ™\

\

1000

2000 3000

4000 5000

.....................................................

6000 7000 8000 9000 10000




5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

Profile Lines

= HEC-RAS Mapper has the option for user to draw a line
on the map, give that line a name, then use that line to
plot whatever results is turned on over top of the line.

ERASMapper
File Tools Help

Selected Layer: Depth

=-V| Geometries
+ Bald Eagle Multi 2D Areas
+ 1D-2D Dam Break Model Refined Grid
#-]U.S2D - D.S 1D No Dam
" 20 to 2D Connection
#(_| SAto 2D Connection
=)-[¥| Single 2D Area - Internal Dam Structure
ivers
Bank Lines
River Edge Lines
Junctions
XS
Storage Areas
2D Flow Areas
XS Interpolation Surfaces
Break Lines
[]Manning's n Regions

#1[7] SAto 2D Flow Area
-] SAto 2D Flow Area - Detailed
=[] Results
1 [F) PMF Multi 20°
1D-2D Refined Grid"
@#-(C] 2D to 1D No Dam *
4[] 20 to 20 Run*
1" S4 to 2D Dam Break *
=[¥]Single 2D
=)-[V] Geometry
|Rivers
| Bank Lines
|River Edge Lines
] Junctions
|Xs
| Storage Areas
]2D Flow Areas
XS Interpolation Surfaces

% "
Velocity (03JAN1999 10:30:00)
WSE (01JAN1999 12:00:00)

w-[7) 20 Levee Struc™

4[] $4-2D Det Breh*

1] §4-2D Det FEQ *
+[V]Map Layers

7| Terrains

ChannelConstriction

EE,E

Messages | Views Profile Lines|

Time (1/3/1999)

a;' RASMapper Plot = EcH =<
Plot | Table |
Flow along 'Garys Profile'
— Single 2D
100000 -|
T T T T T T T T
00:00 08:00 16:00 00:00 08:00 16:00 00:00 08:00

Time Series Plots

Profile Line: ‘Garys Profile’
Plots >

Time Series

Temain50 Hevation: 584.46 feet




5. Overview of how to demonstrate the result of a combined 1D/2D
unsteady flow model in HEC-RAS and RAS Mapper output capabilities

Profile Lines

= HEC-RAS Mapper has the option for user to draw a line Ev—
on the map, give that line a name, then use that line to ————

[0
2
]

plot whatever results is turned on over top of the line. — soge 2w
QF::SN;::T:' Help 1 Wa

€r Surfac

Selected Layer: Water Surface Elevation ORI e e NS [Max][Min] < e Ele Vat .
- [V] Geometries Y p | i 1 On

(] Bald Eagle Multi 20 Areas g

#1[]1D-2D Dam Break Model Refined Grid

#-[7]U.S2D-D.S 1D No Dam

472D to 2D Connection

' SA to 2D Connection

=[] Single 2D Area - Internal Dam Structure

600

Value [feet]

Terrain Elevation

590
580
T L ) N S S e e e ) L N e e e T T

River Edge Lines

Junctions

XS

Storage Areas

2D Flow Areas

XS Interpolation Surfaces

Break Lines
[Z]Manning’s n Regions

#1[7]SAt0 2 Flow Area

(7] SA to 2D Flow Area - Detailed
=[] Results

#)-[7] PMF Multi 20°

T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Station [feet]

10-2D Refined Grid"

-] 2D to 1D No Dam ™

#-[7] 20 to 20 Run*

' SA to 2D Dam Break *

=¥ Single 2D

=[] Geometry

|Rivers
| Bank Lines
| River Edge Lines
] Junctions
IXs
| Storage Areas
]2D Flow Areas
| XS Interpolation Surfaces

V| Depth (Max)

[
’Ioc\ry (03JAN1999 10:30:00)

#-[7] 2D Levee Struc”

+ S4-20 Det Breh ™

+ S4-2D Det FEQ*
+-v/|Map Layers

Profile Line: ‘Garys Profile”
Plots

Time Series

Terrain50 Hevation: 585.26 feet

V| Terrains
¥ Terrains0 == u
»
(Gays Profle
ChannelConstriction ‘ﬂ

@ Turn on the WSE (Water Surface Elevation) Layer

Messages | Views Profile Lines|




Thank You ©

References:

« HEC-RAS 5.0 User’s Manual

e HEC-RAS 5.0 2D Modeling User’s Manual

* The RAS Solution, http://hecrasmodel.blogspot.com/
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