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Objectives

* HEC-RAS Introduction and Model Configuration
* Creating a RAS Terrain

* Editing Layers

e 1D and 2D Modeling Layers

e 2D Subgrid Technology



Breach Model Configurations




RAS Model Creation — RAS Mapper
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Projection

* Data used in RAS Mapper must
be a common coordinate
system.

* Projection will be used to re-
project Terrain data that is
imported into RAS Mapper.

* Defined using esri PR file.

* Web Imagery will be projected
on-the-fly to RAS Mapper
coordinate system.
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Prujectl Tools Help Debug

Set Projection...

Add Web Imagery...
Add Reference Layer...

Download Data

Create New RAS Terrain...
Create New Geometry...
Create a New RAS Layer

Manage Layer Associations..,

Manage Results Maps...

I
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RAS Mapper Options

Project Settings
Projection
General
Render Mode:
Mesh Tolerances
Global Settings
General

RAS Lavers

Coordinate Reference Sy=tem

Projection File: 1C:'-.Ternp ‘\Baxter2[projection prj

Definition;

["Degree",0.0174532925199432955]] PROJECTION
["Lambert_Conformal_Coric"],PARAMETER
["False_Easting",5561566.5665556556] PARAMETER

PROJCS["NAD_1983_StatePlane_Calfomia_lll_FIPS_04D3_Feet” GEOGCS
['GCS_North_American_1383" DATUM['D_North_American_1383", SPHEROID
['GRS_19807,6378137,293.257222101]1, PRIMEM] Greenwich", 0], UNIT

["False_Northing”,1640416.666666667].P ARAMETER[ "Central_Meridian".-
120.5] PARAMETER[" Standard_Parallel_1",37.0666666666666 7] FARAMETER




Projection Files

* Not all PRJ files are the same

PROICS["NAD 1983 StatePlane Pennsylvania South FIPS 3782 Feet”,

GEOGCS["GCS_North_American_1983",
DATUM["D_North_American_1983",

SPHEROID[ “GRS_1986",6378137.8,298.257222101]],
PRIMEM[ "Greenwich",8.8],
UNIT[“Degree”,8.0174532925199433]],

PROJECTION[ "Lambert Conformal Conic"],

PARAMETER[ “False_Easting",1968500.0],
PARAMETER["False_Northing”,8.8],

PARAMETER[ "Central_Meridian®,-77.75],
PARAMETER["Standard Parallel 1%,39.93333333333333],
PARAMETER[ "Standard_Parallel 2",40.96666666666667],
PARAMETER["Latitude Of Origin”,39.33333333333334],
UNIT["Foot US",8.30480060%9681219211,

Corrupt Projection X

\  GDAL issued a warning that this projection file is corrupted.
. You may experience problems using HEC-RAS with this
. %\ projection file,

E RAS Mapper Opticns

x
Frogact Settings Coordinate Reference System
Projection E
Projection File: |C:\Temp“Mmoie LC\RAS Model\projection pr EI
General
Defimtion:
Render Mode PROJCS["NAD_1983_StatePlane_indiana_East_FIPS_1301_Feet” GEOGCS
['GCS_North_American_1983" DATUM["D_North_American_1983" SPHEROID
Mesh Tolerances ['GRS_1980" 6378137.0,298.257222101]). PRIMEM["Greenwich",0.0]. UNIT
['Degree” 0.0174532925199433]) PROJECTION[ Transverse_Mercator”], PARAMETER
Global Settings ['False_Easting”, 328083.3333333333] PARAMETER
[‘False Northing” 820208 3333333333} PARAMETERrCem-a\ Meridian" -
General 85 66666666666667], PARAMETER[ Scale_Factor”,0.999966666666666 7, PARAMETER
["Latitude_Of_Origin",37.5],UNIT["Foot_US" 0.3048006096012132] AUTHORITY
RAS Layers
\Warping Method
Map Surface Fill @ Default Method (GDAL \warp)
Exting Tools " Alternate HEC-RAS Raster Warping Method

\w/arning: GDAL issued a warning that this projection fi file is corrupted. You
L may experience problems using HEC-RAS with this projection file.

Help me find 2 coordinate reference system: spatizlreference org
RAS Project Units: US Customary

[ ok ] cancal Awlyla




Terrain in RAS Mapper

e Uses GeoTIFF format

* Tiled data for more efficient
storage

e Compressed data for efficient
storage

* Pyramided data for fast
visualization

* Allows for on-the-fly inundation
mapping

* One Layer for Multiple Terrain
Models

* No file size limitations — BigTiFF
supported =
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Terrain Importer

* Click Project | Create New RAS Terrain

* Add raster files for import

e Click Create

[ij Tools Help Debug

Set Projection...

J

B X¥fC ere @

Add Web Imagery...
Add Reference Layer...

5

Download Data b
Create New Geometry... &

(-

Create a New RAS Layer 3
Manage Layer Associations...

Manage Results Maps...

New Terrain Layer

&

— Input Terrain Files

BEC 10 PROJCS['NADES / Pennsylvania North'" GEOG gL

T T T

—Output Terrain File

Rounding {Precision): [1/32 =]  Create Stitches [ Meroe xnii= o Eingfe B e
Vertical Conversion: [Use Input File (Defauit) =]
Filename: IC:\Temp\_Emmples\Bream Wnﬂ(mop\Mapphg Workshop'\ Temain‘Temain hdf ﬁl

Create |  Cancel |




Terrain Importer

e Add files — allows user to s

* Order raster files based on Priority on what cell value should be used

elect rasters for import

if there is overlap by the terrain models.

* Highest Priority to the top

MNew Terrain Layer

St SRS

—Input Terrain Files

Flename | Projection | Cell Size | Rounding | Info
™ BEC_ 10 fit PROJCS['NAD83 / Pernisylvaria Noth” GEOG... | 10 na) [i
PROJCS['unnamed" GEOGCS['NADB3" DATU... 3650451204993 fra) | i |

E

4
—QOutput Terrain File

Rounding (Precision): [1/32 =] ¥ Creste Stitches [~ Merge Inputs to Single Raster

Vertical Conversion: [ Use Input File (Default) =

Filename: |C:\Te'mp\_Examp{es\Bread1 Wurkshnp\fv'lapphg Workshop®\ Temain\Temain hdf ﬁl

Create |  Cancel |

e
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Terrain Importer

* Data is translated (to .tif), projected, and rounded for all data

* Data is pyramided (overlays created) and compressed

* TIN stitches are created for overlapping regions

* Terrain.hdf is the single layer loaded to RAS Mapper

g

Compute Window - Creating Terrain Terrain'

-

B - .

e

Importing 1 of 2: BEC_2e8ft.flt

step 1 of 4: Translating to GeoTiff with S5RS... | 1
Step 2 of 4: Rounding and/or Generating Statistics... | 7
Step 3 of 4: Generating Histeogram... | 2
Step 4 of 4: Adding Overlays... | 2
BEC_2eft.flt Import Complete. 14
Importing 2 of 2: BEC DEM.flt

Step 1 of 4: Translating to GeoTiff and reprojecting... | 26
step 2 of 4: Rounding and/or Generating Statistics... | 1:85
step 3 of 4: Genersting Histogram... | 11
Step 4 of 4: adding overlays... | 13
BEC_DEM.f1t Import Complete. 1:56
Final Processing: Terrain.hdf

step 1 of 3: Creating Terrain.vrt... | 2
Step 2 of 3: €reating Terrain.hdf... | 1:17
Step 3 of 3: creating Stitch-TIN for merging rasters... | E
Terrain Complete 3:34

Cloge
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Terrain in RAS Mapper

E RAS Mapper

File Project Tools Help
RO@AN N e>uw ENSRG@ v v 41 s

EEE::EH Terrains
~[[] Event Condiions
- [ Results

[ Map Layers

B- [¥] Terains

- @ Teran (]

Messages | Views | Profile Lines | Active Features | Layer Values |

(2058227.99, 311155.13 1 pixel = 182.86 f) 12



Terrain Data Download

. RAS Mapper

File | Project | Tools Help Debug

®  SetProjection...

Add Web Imagery...
Add Reference Layer...

= [ Available Data Products

= LJdI 4. Create New RAS Terrain...

* USGS Terrain
e GRiD (CRREL)

. Download Terrain Data from USGS

~ Import Extents

—Product Query
S e B | EYRTRCO | | | DR

b AddSelected | % Remove Selected

Querying USGS

Products for Download:

Download Directory: |...\USGSTaat

¥ Open Folder After Files Finish Downloading




Terrain Data Download

- RAS Mapper

File Project Tools Help Debug

Selected Layer: USGS Products Available

LoO@®A X

Her2u ENS0

-1

[v] Feahwes ~
i L[] Profile Lines

- [¥] Geomelries

E--DEveniComiicl:

=

[[] Results

&[] Tujunga

B[] Tujunga Steady

| @[] Event Conditions

@[] Geometry

-] Depth (PF 1)
[ Velocity (FF 1)

- C]WSE (PF 1)

E-[J 1DOnly

- [] Event Conditions

@[] Geometry

- [] Depth (Max)

- [ Velocity (Max)

, [ WSE (Max)

= [v] Map Layers

] USGS Products Available

i USGS Froducts To Download
L I o SRR P N B )

Hﬂﬂp] Views ]Pruﬁle Linesl Active Faatures‘ Layer Valuasl

(-6165279.69, 4841941.97 1 pixel = 588.15 )

Elevation Models 'I Query Products

Data Products (Filtered: 359 of 24188)

™ 10m [ %m [ Originsl Fiker

Download Directory:

USGS one meter x48y SoCal Wildfires B1 2018

2[ ™ |m USGS ane meter x43y384 CA SoCal Widfres B2 2018 [ Lk

3 |im USGS one meter x43y378 CA LosAngeles 2016 20200330 Unknown | Link

4| |im USGS one meter x45y377 CA SoCal Widfres B1 2018 20200330  4Z3MB| Lk

5| |m USGS one meter x40y375 CA SoCal Widires B1 2018 20200330  311MB|Link |

& I |m USGS one meter x47y378 CA SoCAL Widéres TL 2018 20200330  18MB| Link

7 [im USGS ane meter x48y 379 CA SoCal Widfres B1 2018 0000330 367 MB| Link

8 ™ |im USGS one meter x46y380 CA SoCal Widfres B1 2018 20200330  145MB | Link

9™ |m USGS one meter x49y378 CA SoCal Widfres B1 2018 2200330 474 v8] Link |

0T [im USGS one meter x40y378 CA SE Fau Zone 2017 20200330 12m8 | Lk |
b AddSelected () | % Remove Selected Products for Download: 0 of 24188 Estimated Download Size: 0B

I

USGSTest

¥ Open Folder After Files Finish Downloading

omil |




Terrain Data Download

Download Terrain Data from USGS

- 0o x
Import Extents
’VEthSwrce: Curent View v|
. RAS Mapper
Product Query
File Project Tools Help Debug ’703‘37?!’9' Hevation Models =] __ QueryProduess |
) - . : Available Data Products. (Filtered: 359 of 24188)
Selected Layer: USGS Products Available h @@ w EN4A \ﬂ max | min | <] el e e — ™ Only Show &
=[] Featwes A Selected 'USGS Prof | |+ |cis= | 2
“-[] Profile Lines r [m USGS one meter x48y378 CA SoCal Widiies B1 2018 20200330
- [v] Geomelries  |im USGS one meter x43y384 CA SoCal Widfres B2 2018 20200330
[#-[] Event Conditions I |im USGS one meter x43y378 CA LosAngeles 2016 20200330
E!D Resulis (w] USGS one meter x45y377 CA SoCal Widfires B1 2018
[ Tujunga V] 1/5GS one meter x40y375 CA SoCal Widfres B1 2018
EI-DTujuﬂga Steady (] USGS one meter x47y378 CA SoCAL Widfires TL 2018 | Lk
| ®-[[] Event Conditions o USGS one meter x48y379 CA SaCal Widires B1 2016 ok
#- [] Geometry (] USGS one meter x46y380 CA SoCal Widires B1 2018 145 MB | Link
.[[] Depth (PF 1) (] USGS one meter x4%378 CA SoCal Wildires B1 2018 474MB | Link
L D Velocity (PF 1) 10| m USGS one meter x40y378 CA SE Fault Zone 2017 20200330 | 12 MB | Link
: D...DWSE(PF 1 ',+,/Md5dacu | % Remove Selected (1) Products for Download: 32 of 24188 Estimated Download Size: 1.33 GB
B+ 1DO0nly 4
- [7] Event Conditions jcad Directory: | \U3GaTen )|
@[] Geometry ¥ Open Folder Atter Files Finish Downloading StrtDownioad | Close
- [[] Depth (Max)
-~ [ Velocity (Max) |
5 - [ WSE (Max) ?
= [v] Map Layers
Lo [¥] USGS Products Available
USGS Froducts To Download [ | v
o I o SR R N R )

Messages | Views | Profile Lines | Active Features | Layer Values |

{-6551574.33, 434133858 1 pixel = 588.15 )

ombl |




Terrain Build

. MNew Terrain Layer
+
il _ CS["NADB3(2011) / UTM zone 11N" GEOQ..
| PROJCS["NAD83(2011) / UTM zone 11N".GEO... None
—+] ' PROJCS["NAD83(2011) / UTM zone 1IN" GEO... |0.5 None | i
| PROJCS["NAD83(2011) / UTM zone 1IN" GEO... |05 None | &
s | PROJCS["NADS3(2011) / UTM zone 11N" GEO... |05 None i
I |PROJCS["'NADS3(2011) / UTM zone 1IN".GEO... (0.5 None i
B | PROJCS["NAD83(2011) / UTM zone 1IN".GEO... |0.5 Nane | &
i PROJCS["NAD83(2011) / UTM zone 1IN"GEO... |05 None i
0 | PROJCS["NAD83(2011) / UTM zone 11N" GEO... |05 None i
: | PROJCS['NAD83(2011) / UTM zone 11N" G 0.5 None | i
—Output Terrain File
Rounding (Precision): [1/32 | I Create Stitches [¥ Merge Inputs to Single Raster
Vertical Conversion: |Use Input File (Defaut) =l
Filename: |C:\Temp\__NewModels\Merced\Terrain'\Terain hdf ﬁl
Create |  Cancel




Create a New Geometry

* Create a New Geometry

* Provide a Name

* Select the Geometry
* Edit the New Geometry

File | Project | Tools Help

. Set Projection...

t® Add Web Imagery...
i Add Reference Layer...
t® Download Data

-H

~-RO00RO

LT-‘ | ¥ |

%+ Create New RAS Terrain...

[D Create New Geometry...

%  Create a New RAS Layer

E New Geometry Data

Enter 3 unigue Name for the new Geometry:

E RAS Mapper

File Project Tools Help

Selected Layer: Geometry

&[] Features
=- [v]l Geomelnies
2 [v] Geomelry

-0
--["] Resulis
~[[] Map Layers

=- vl Terrains

" [¥] Terrain

Layers,

17




Editing Tools

Sl

2 c

 Add New Feature U
* Select/Edit Feature |¥
* Undo/Redo
* Plot Profile

* Tools
*Help

8y

i

.||._Ii-ll

= Tools ~

18




Add New Feature :U

* Left-click to start adding a new point, line, or polygon
* Double-click to end a line or polygon

* Pan by switching to Pan tool, Shift key, Middle Mouse, or right-click to re-
center.

19




Select / Edit rk |a=e

* Select / Edit tool is used to select feature(s) and then begin editing
(move, add points, delete, etc).
* Double-click to Start Editing (Open feature)
* Double-click to End Editing (Close feature)

* Mouse hover indicates action
point indicates: Move, Insert, Delete point

20



¥ RAS Mapper

1D Model Areas M m

* Rivers

* Cross Sections a o Do
| I [[1 Lateral Structures

* Oriented from the left to right bank (looking d/s) 5 1540 Corcins
* Perpendicular to flow for correct XS area -
* Elevations are extracted from the DTM

* Storage Areas

* Reservoir “J
- . !
> -&21 he.
* Backwater areas |\ . . o S 5‘9;‘3 '
8 B2 «\9‘? ’9‘99 - nroo vr&" iy P 5 e
oo 90-9 ~ e ’43 . V
h. ..'_ | ;..\
" o wvwy 1 ecmal La
q‘f — L M-"'O.. ’_pi' Q..”...._..d-v Pl o J 3‘9? 8
"" pre Fomis ""”5
A : e Length :
- Hives | Reach | River Station Length LOB i | Length ROB Left Bank | Right Bank
Bald Eagle Cresk. | Below Sayers Dam | 82671 332924347 332.924347 332.924347 539339844 5593.358
Bald Eagle Cresk | Below Sayers Dam | 82338 429 508026 429508026 429508026 5113.08154 5319.7915
Bald Eagle Creck | Below Sayers Dam | 81909 494,6595 494 6595 494 6595 492144873 5068 88867
Bald Eagle Cresk | Below Sayers Dam | 81414 527.047241 527.047241 527.047241 5033.24268 515498242
Bald Eagls Cresk | Below Sayers Dam | 80287 £88.114441 £82.114441 £88.114441 5083.96826 5224024




Main Channel

* Terrain often doesn’t clearly indicate location of main channel.
* Use imagery to establish bank station locations.

22



Main Channel

Elevation ()
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2D I\/IOdel Areas .Fi-le i}ijI:::ter Tools Help

Selected Layer: Perimeters

= [v] Geometries
[=- [Vl Bald Eagle Multi 2D Areas

» 2D Flow Areas are used where flow direction is highly 6B
variable/unknown. -

;-DF‘erimeters
i [ Computation Points

i B | [ Breakiines
L.\ Refinement Regions

e Can use for the entire study area or for specific areas.
* Reservoir
* River Floodplain

-- [[] Inline Structures
-[[] Lateral Structures
-[[] SA/2D Connections

* Protected Area
e Tributaries




2D Modeling Subgrid Technology

 Problem

* Water levels usually vary much
more smoothly than the terrain

* Unfeasible to resolve every detail of
the terrain with the computational
mesh

* Approach

» Utilize a grid resolution sufficient
to resolve the hydraulics

* Capture the details of the subgrid
terrain through hydraulic properties tables

26



HEG,

2D Modeling Subgrid Technology

* Detailed elevation-volume relationship for each 2D Cell.
* Hydraulic properties for each Cell Face (pre-computed).
* Cells can be partially wet.

 Allows for larger computational cells, without losing details of the
underlying terrain.

* Larger cells = less computations = faster run times!

* HEC-RAS produces more detailed results for a given cell size than
models using a single elevation for each cell and face.



2D Computational Mesh Subgrid Terrain JE

RAS2D Cell .

&
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Station (ft) Volume (ft3)

Each cell face profile and stage-volume curve is based on
hundreds to thousands topo-bathymetric data-points, depending
of resolution of underlying terrain raster.
Cell approach very efficiently discretizes space including complex
terrain & surface roughness.
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Computational Mesh Sub-grid Terrain

“{_Geometric Data - Final Geom - 2D New Madrid Floodway

— O X
File Edit Options View Tables Tools GIS Tools Help
Storage 20Flow | saRDArea | sAlDAMER | oA mp i Tpti Plot WS extents for Profile:
o Frea Conn BC Linsz IEFois | Bresklines
fEm. | ik ol :

7 . |[tmone) -]

Inline
Structure

Lateral
Structure

2DFlaw
Arsa

SAkDAea

1909372.42, 5010450.70




Computational Cells - Elevation vs. Volume

288
286
284
5
E)zaz
[FN)
280
278 /
276
274 v
200000 400000  60ODOC  B00OODD  10OOODD 1200000 1400000 1600000 1200000
olume
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Computational Cells - Elevation vs. Volume

290 =

288 /

/
286
/

> 234

280

278

276 /

274 v

0 200000 400000 &00000 800000 1000000 1200000 1400000 1600000 1800000
Volume

Subgrid = Higher fidelity cell volume trackingz:



2D Flow Areas

= [v] Features
| L.[v] Profile Lines
= [v] Geometries
. E-[¥l Muncie Geometry - 2D 200 ft grids
. [E-[Rivers
! @[« Cross Sections
! Storsge Areas

| 5[ 20 Flow Areas

" ] Perimeters pE—

[ Computation Points

nes

* Tools to autogenerate
computation points

* Manning’s n values
e Single -or-—
 Spatially Varied

B 20 Flow Area Editor

Cell Propetties ]
~Computation Points

DFowies: DR - D 2

Points Spacing () DX: [ 200 DY: [ 200 ﬂ

¥ Include Breaklines / Refinement Regions
>

Generate Computation Points

Mesh State = Complete

Number of Cells = 321
Average Face Length = 207
Average Cell Size = 42,710
Maximum Cell Size = 76,390
Minimum Cell Size = 16,031

Mesh Status = Success: Existing mesh

iread from hdf file in 0.004 seconds.

~Hydraulic Cell/Face Properties
p Default Manning’s n Value: | 0.06

[ Spatially varied Manning's n on face

E‘ Compute Property Tables I

Force Mesh Recomputation |

Close

32




2D Flow Areas | o

& [¥] Geometries
. =[] Bald Eagle Multi 2D Areas

il /- --Rivers

: --E‘]Cross Sections
i orage Area

S Al ,
\j 4,3} ;}'a Selected Layer: Perimeters

e Perimeter

; [:[Computa'aon Points

| i =[] Aefinement Regions
[T DrogesICOneTs

- | @[Jinline Structures
| B[] Lateral Structures

. B[] S&2D Connections

L 10 Empty Lavers)

* Computation Points

* Breaklines

|midy
y

* Refinement Regions




Modeling Reservoirs

* Cross Sections
* Use Terrain
* Inline Structure as Connection
* Sloped water surface

* Storage Area

* Elevation Volume curve
(From Terrain or User-Defined)

Storage Area: Reservoir Pool' Volume Elevation Relationship. sEan BEme -4-4-44-4-

{piot ] Table |

* SA/2D Connection - . N
* Horizontal water surface - s :
5
* 2D Flow Area R I
* Requires good terrain @)
* 2D Connection soof
) Sloped Water Surface 5800 50000 100000 150000 200000 250000
= Volume (acre-ft) —IJ
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US Army Corps
of Engineers

Questions?
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