Dam Breach Analysis with 1D and 2D Areas
Workshop

1 Objective

This workshop will guide students on using HEC-RAS to:

Create a new dam breach model using 1D and 2D elements
Connect 1D and 2D elements using SA/2D Connections

Set a SA/2D Connection to breach

Interpret the results of a dam breach simulation

2 Background

The town of Lock Haven is situated on the north bank of Bald Eagle Creek in central
Pennsylvania. Lock Haven sits behind a levee system that was designed to provide
protection for a 500-year (0.2% Chance) event. Sayers Dam, a flood control project
on Bald Eagle Creek, is approximately 15 miles upstream of Lock Haven. See the
figures below to become acquainted with the domain.

Lock Haven

Marsh Creek

Sayers Dam
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In this workshop we will be performing a dam breach analysis to determine the
consequences of a failure of Sayers Dam by inputting design inflows for the reservoir
and setting the Sayers Dam to breach.

3 Create the HEC-RAS Project

1. Create a new HEC-RAS project in the workshop directory containing the
Terrain, Features, and GIS_Data directories. Use the title “"Bald Eagle Creek
Dam Breach Analysis” and name the project “"BaldEagleCreekDamBreach.prj”

Open RAS Mapper by clicking on :l in the main window.
Set the projection

a. Click on the menu Project | Set Projection

RASMapper
File | Project | Tools  Help  Debug
|.. Set Projection... [ |

R

'@ Add Web Imagery...
%  Add Reference Layer...

o |

b. In the Projection Section of the RAS Mapper Options window click
on the button ﬁ'
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E RAS Mapper Options

Project Seftings Coordinate Reference System
Projection
Projection File: I
General
Definition:
Render Mode

Mesh Tolerances

RAS Project Units: US Customary

Global Settings
General
RAS Layers
‘warping Method
Map Surface Fill ¥ Default Method (GDAL \Warp)
Editing Tools " Alternate HEC-RAS Raster Warping Method

Help me find & coordinate reference system: spatialreference.org

o]

Cancel |

Apply h

c. Select the file “projection.prj” in the “"GIS_Data” directory

E Browse for the coordinate reference system file for this project
i+~ <« 4.3 Perfforming a Dam Breach... » GIS_Data »

Organize v New folder

_J 3D Objects 2 Name
[ Desktop

NLD
% Documents D Downstream Area.prj
; Downloads D Levees.prj
D Music [] LockHaven2DPerimeter.prj
[&] Pictures L1 projection.prj
B Videos 0 Reservoir.prj

‘= OSDisk (C) v <

Date modified Type Size]

11/8/2006 10:36 AM PRJ File

4/

X
o O Search GIS_Data
=~ M @
File folder
PRI File

PRJ File
12:33PM PRI File

T:42 PM PRI File

File name: |projection.prj

v‘ Coordinate Reference Systems  ~

=

d. The RAS Mapper Options window should look like this:

E RAS Mapper Options

X

Projection File: |C:\HEC\HEC»RAS\CIasses\ZDZZ\H&H Dam Safety Studies\Wor IE

PROJCS['NAD_1983_StatePlane_Pennsylvania_North_FIPS_3701_Feet".GEOGCS

"Lambert_Conformal_Conic”], PARAMETER[False_Easting”,1968500.0] PARAMETER

ETER

Project Settings Coordinate Reference System
Projection *
General
Definition:
Render Mode
"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
Global Settings
"False_Northing",0.0],PARAMETER[ 'Central_Meridian" -77.75] PARAMETER
General "Standard_Parallel_1",40.88333333333333],
“Standard_Parallel_2"41.95].PARAMETER
RAS Layers
—Warping Method
Map Surface Fill & Default Method (GDAL Warp)
Editing Tools " Alternate HEC-RAS Raster Warping Method
Help me find z coordinate reference system: spatialreference.org
RAS Project Units: US Customary

0K

| cancel

Apply h

e. Click Apply and OK to exit the window.
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4. Add the Existing RAS Terrain (“Terrain.hdf”)

a. Right-click on the Terrain node in RAS Mapper, and select the menu
Add an Existing RAS Terrain as shown below

E RAS Mapper
File  Project Tools Help Debug

'@ Download Terrain Data 3

e Create a New RAS Terrain
[ Add an Existing RAS Terrain

b. Within the Terrain folder of the main project directory, select the RAS
terrain file called “Terrain.hdf”

ESelect existing terrain file

« v < 4.3 Performing a Dam Breach Anal... » Terrain ] O Search Terrain

Organize » New folder ==~ A 0
_J 3D Objects Cal Name Date modified Type Size
I Desktop [ Terrain.hdf 3/16/2022 7:56 AM HDF File
Documents
< Downloads
J’ Music <A
|&] Pictures
B videos
= OSDisk (C:) v < >

File name: | Terrain.hdf v| RAS Terrain (*.hdf) ~

c. The terrain should display in RAS Mapper.

E RAS Mapper

File Project Tocls Help Debug

RO @A X €>uw ENG MO | e -

[] Features
- [[] Geometries
-] Event Conditions
[] Results
[ Map Layers
E)- [ Terrains

[ Terrair TN |

Terrains

-

Messages Profil 4 | »

(2094578.22, 307267.94 1 pixel
anr aE oy
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4 Create the Geometry in RAS Mapper

5. Add a New Geometry

a. Right-click on the Geometries node and select Add New
Geometry.

E RAS Mapper

File  Project Tools Help Debug

L ERE
(- [] Features

e
i[] EventCo |D Add Mew Geometry N |

.- [] Results =
- []Map Layers 3( Manage Geometry Associations...
lﬁ--mTFrr.ing |

b. Name the Geometry “"SA to 2D Area 500 ft” and click OK

E New Geometry Data X

Enter a unigue Name for the new Geometry:

SAto 2D Area 500 fi|

Ok Cancel

6. Start Editing the by selecting the Geometry clicking on the Pencil

File  Project Tools Help Debug

N

Selected Layer: 54 to 20 Area 500 ft

- [] Features
- [#] Geomelries
& [¥] SAto 2D Area 500 ft

L 718 Emnfr f avrars ]
18 Emolye Layers)

... "] Event Condiiions

7. Create the Reservoir behind Sayers Dam

a. Right-click on the Storage Areas layer, and select the menu Import
Features from Shapefile as shown below
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HRAS Mapper
File  Project Tools Help Debug

Selected Layer: Storage freas (0]

Cll —

=[] SA to 20 Area 500 #

B[] Fivers

B[ Cross Ssctions

- [#] Storage Areas Ll e—

- [] 20 Flow Areas Layer Properties

- [ Bridges/Culiverts

- [ laline Structures

- [ Lateral Structurs

H- ] S420 Connectid

- [ FPump Stzfions

- [[] Boundsry Condig

-] Initial Condition

- [] Reference Fointg

[ Reference Lines |i Import Features From Shapefile |
+ [a\)

Stop Editing

Compute Elevation-Velume Data

o)
e

(M B Wl rm B e W e

Remove Duplicate Storage Areas

@] Zoomto Layer

Mowve Layer 3

&[] Pipes Nefworks
&M Mannings 7

b. Import the "Reservoir” shapefile (GIS_Data folder)

Export Layer 3

Shapefile Feature Import - (] X
Filename: | @
Select All Clear Al | ¥ Zoom to Selected Features Zool er Zoom To Terrain |
I vl Omitted X Incompatil Shapefile Import x
« v 4 || « 43Performing a ch... » GIS Data » v g £ Search GIS_Data
Organize v New folder = M @
B 3DObjects A Name Date modified Type Size|
I Desktop NLD 9/14/2022 7:14 PM File folder
-y Documents || Downstream Area.shp SHP File
o ¥ Downloads [ Leveesshp SHP File
b Music [ LockHaven2DPerimeter.shp 4/5/2021 2:33 PM SHP File
=] Pictures [] Reservoirshp 4/6/2021 7:42 PM SHP File
B Videos
v < >
File name: |Reservoirshp | | shapefile (shp) ]
o
Each column header represents a column in the lay|
Select the cor ding shapefile column in the dropd: (some have been auts hed) [
Shapefile Feature Import - [m] X

Filename: |C‘\HEC\HEC-RAS\Uasses\ZDZZ\H&H Dam Safety Studies\Workshops'4.3 Performing a Dam Breach £ E

Select All Clear All_ | ¥ Zoom to Selected Features Zoom To Layer | Zoom To Terrain |
Name Omitted 0 Incompatible Terrain background: | Temain

f

Each column header represents a column in the layer you are importing into.
Select the corresponding shapefile column in the dropdown (some have been auto-matched).

z M Name Average Area g:&“;::‘n Track]|
» ~ § (None) j Name ;I (None) j (None) ;I {None|
4 »

import | __ Cancel
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8. Create the 2D Flow Area

a.

Expand the 2D Flow Areas layer

b. Select the Perimeters layer

C.

Import the "Downstream Area” shapefile (GIS_Data folder

Shapefile Feature Import = O X
Filename: [C\Temp\_RAS2D_20223 7 W - 2D Dam Breach GIS_Data \Downstream Area shp =
Select All Clear All | ¥ Zoom to Selected Features ZoomToLayer | Zoom To Terain |

Name v| Omitted 0 Incompatible Features Terrain background: | Temain ~|

Downstream Area

Each column header represents a column in the layer you are importing into.

Select the column in the drop (some have been auto-matched).
5 Multiple Face Cel Volume Cell Minim
z M Name Manning’s n Mann n Tolerance Fraction

[+ | (None) ;]‘ Name ;i' (None) ;]‘ {None) jl (None) || tNore)
| »

Import Cancel y

d. Right-click on the perimeter and choose Edit 2D Area Properties

Downstream Area

Perimeter: Downstream Area (SA te 2D Area 500 ft)
Rename 20 Area

Edit 2D Area Properties

Generate Computation Poih\?s with All Breaklines for Mesh
Try to Fix Mesh

Recompute Mesh

Regenerate Mesh Points (Without Breaklines) (DEBUG)

B BL D

Delete Selected Feature Del, O
Move Selected Feature
Copy Selected Feature Ctrl+C

ol R

Zoom to Selected Feature

View/Edit Points

¥ Oht

Geospatial Operations 3
Send.. 3
Debug Tests/Exports »
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e. Set the Points Spacing (i.e. cell size) to 500 ft, the Manning’s n
value to 0.04 as shown below. The 500-ft spacing is quite coarse for
a dam break simulation. However, this is a good start which will allow
the model to run fast and mesh refinements can be done later.

2D Flow Area Editor

2D Flow Arez:  |Downstream Area
Cell Properties l

Computation Points

1 ]

X

Points Spacing (f) DX | 500 DY: | 500 il

¥ Include Bresklines / Refinement Regions

Generate Computation Points

Hydraulic Cell/Face Properties
Default Manning's n Value: 0.06

[ Spatially varied Manning's n on face

Mesh State = Unknown Emor

MNumber of Cells =0
Average Face Length =0
Average Cell Size =0
Maximum Cell Size =0
Minimum Cell Size =0

Mesh Status = Mesh not created

El Compute Property Tables |

Force Mezh Recomputation |

Close
44

f. Click on Generate computation points for the 2D Flow Area.

2D Flow Area Editor

2D Flow Area: | Downstream Area
Cell Properties l

Computation Points

s

X

500 DY | 500 ﬁl

Points Spacing (ft) DX

W Include Breaklines / Refinement Regions

Generate Computation Points I

Hydraulic Cell/Face Properties
Default Manning’s n Value: | 0.04

™ Spatially varied Manning's n on face

Mesh State = Complete

Mumber of Cells = 3265
Average Face Length =511
Average Cell Size = 261,547
Maximum Cell Size = 800,703
Minimum Cell Size = 191,680

Mesh Status = Success: Created in
00:00:00.119

El Compute Property Tables |

Farce Mesh Recomputation ‘

Close
7|

g. Close the 2D Flow Area Editor.

h. Inspect the mesh for bad cells. Look for any red dots on the mesh

and fix any problems with the mesh.

At this point you should have a Storage Area and a Mesh, as shown below.
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9. Create Breaklines along the levees

a. Import the Levee shapefile for the upper, middle, and lower levee to
the Breaklines layer.

Shapefile Feature Import O X
Filename: [C:\Temp\_RAS2D_2022\3.7 W - 2D Dam Breach\GIS_Data\Levees shp |
Select All | Clear All I ¥ Zoom to Selected Features Zoom To Layer Zoom To Terrain I

Name ﬂ Omitted 0 Incompatible Features Terrain background: ITena'n LI

-—v

Each column header represents a column in the layer you are importing into.
Select the corresponding shapefile column in the dropdown (some have been auto-matched).

z M | Name NearSpacng | NearRepeats | FarSpacng | o

» m il {None) || Name || None) =] (Nore) | tNone) |
4 »

import | Cancel |

b. Right-click on the Breaklines layer and choose Enforce All
Breaklines to modify the mesh.
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i [] Computation Points

Layer Properties

B[] Sridges Culver] B Open Attribute Table
H- [ fnfine Structurss -
B[] Laters! Structu] @ Stop Editing
[

[

- [] 5420 Connect| | 7] Edit Breakline Properties
H- [ Pump Stations |ﬁ

- ] Bowundany Cond)

.. O {mitial Condition Remove Duplicate Breaklines

- oo

Enforce All Breaklines I |

The mesh should look similar to the figure below.
i

o e o e e

c. Fix any problems with the mesh quality, especially around sharp
bends and transition areas. An example mesh is shown below.

10. Create the Dam
a. Zoom to the Dam location.
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b. Select the SA/2D Connections layer.

c. Draw the structure along the top of the dam, left-to-right when
looking downstream. (We will override the weir elevations later).
Double-click to end the connection.

d. Enter the SA/2D Connection parameters shown below.

E New Connection Structure X

From: Storage Area: Reservoir
Ta: 2D Flow Area: Downstream Area

(From and To can be changed from connection editor)

Name: ISa'_.fers Dam
Width (f): {100

Structure Type: IWeir, (Gates, Culverts, OLrtj

Description:

ok | cancel |
A

11. Create the Downstream Boundary

a. Zoom to the lower end of the model.

b. Select the Boundary Condition Lines Layer.

c. Draw the Downstream Boundary line and provide a Name
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. Name BC Line bad

Provide a unigue name for the BC Line l

IDawnsh'ean

0K | Cancel

12. Stop Editing and Save the edits.
13.Save and Close RAS Mapper.

5 Edit the Reservoir Volume-Elevation Curve

14. Open the Geometric Data editor by clicking on the ﬁ' in the main HEC-RAS
window.

15. Open the Geometry "SA to 2D Area 500 ft”

16. Edit the Storage Area

-
Plot Stage and Flow Hydrtgraph ...
Tabular Output ...

Storage Area: Reservair

Edit Storage Area ...

Delete Storage Area ...

7
Note that there are already Volume-Elevation data provided. These data were
extracted from the terrain model, but we need to replace with more accurate
data.
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17. Enter the Elevation-Volume Relationship - this data is in the Excel
spreadsheet provided.

fe | 583 3
A B Cc D E F G H 1 J K L M=
1 Pool | Capacity Used Area Remarks
2 Elevation (Acres) 700
3 (FINGVD) (Ac-Ft) (Inches)
4 583 0| 0| 0|streambed 680 *»
5 588 001 0001 0.01 e
6 0.01 20|Gate Sil et
.
7 001 40 660 -
.
8 0.01 60 R4
0.02 120 Bad
640 g
0.04, 270 o*
o
0.08 360
0.11 410, 620
0.17 460
0.22] 520 600
028 570
0.35 630|Late Winter Conservation Pool
0.42 710 580
0.51 800
06 900 560
071 1000 0 50000 100000 150000 ~ 200000 250000
082 1090 +
0.95| 1200 éwm o]
1.09 1330
1.16| 1425 Early Winter Conservation Pool
1.24 1470
1.42| 1570
16 1730|Summer Recreation Pool =

o | AraCapacity )

18. Plot the SA Volume-Elevation curve to confirm it has been entered correctly.

@ Storage Area: ‘Reservoir’ Volume Elevation Relationship. — m} x

Legend :I

—
Vol-Elev

{Piat.] Table |
700

680

660

640

Elevation (ft)

620

g0

580+
0 50000 100000 150000 200000 250000

Volume (acre-ft) -
“ »

6 Complete the Dam Data (Weir Profile and Gates)

19. Edit the SA/2D Area Connection by clicking on the pids button on the left
panel of the Geometric Data editor.

20. Verify the From and To connection
Connections

From: Ktorage Area: Reservoir Set SA/D ...
To: {ZD Flow Area: Downstream Area Set SA/2D ... I

21. Replace the Weir/Embankment profile from the terrain (see below)

a. Click on the Weir/Embankment profile button ﬂ
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b. The top of dam is 683 ft, top of spillway is 657 ft and the auxiliary

spillway is 600 ft wide. You will need to match the weir width with

the centerline length.

~w Connection Data Editor - SA to 2D Area 500 ft — O X
File View Options Help
Connection: ISayers Dam LI ﬂ ﬂ Apply Data
Description I J Breach (plan data) ... |
Connections
From: bmrage Area: Reservoir SetSA/2D ... | | Weir Length: I 6951,20
To: IZD Flow Area: Downstream Area Set SA/2D ... Centerline Leng ‘d
Storage Area Connection Weir Data
—Weir Data —Embankment Station,Elevgiion Table
Structure Type: 3 |
Weir Width: 100. Insert Row I Dele . ow | Filter... |
e Weir Computations: Station _|§ Elevation
e ~Standard Weir Equation Paramete L 583 B
ndard Weir Equation Parameters = = 683
3|
Gate . . 4
Weir Coeffident (Cd) 3. L=
|0 5
' 5 Legend
Culvert _ 7 Spilway
Weir Crest Shape: IBroad Crested 'l :l lcurrent Terrain
9
Outlet —
RC. | _ 10
l~ | € 11|
c
Outiet | 2 12|
TS5 = 13
H L=
I~ |2 14

22.Add Gates

Gate
Click on the Gate button Elin the Connection Data Editor.

Gate information is provided below. Two gates (that line up with the
river that are 15 ft high and 7 ft wide with an invert at 590 ft.

Connection Gate Editor
cote Grove: [T <] 4] | 17 2] %] %
Gate type (or methodology): ISlt.ice j
Gate Flow Weir Flow Over Gate Sill (gate out of water)
[~ Sluice Gate Flow Weir Shape: [Broad Crested _;l
Sluice Discharge Coeffident (0.5-0.7):  |0.65
Weir Coeffident: 3
[~ Submerged Crifice Flow
Orifice Coefficient (typically 0.8): 0.8
Head Reference: Sill (Invert) v
—Geometric Properties
ight: |15 - 7 - 590
Height: | width: | Invert EE— =
T T - Operings: P2 Length: a
Opening Name | station | GIS Sta X Y
_1|Left Gate 5200 1
_2|Right Gate 5220 2|
3 3
P 2
25 35
B ]
- — -
7 IS
Individual Gate Centerlines ... | oK Cancel Help

23.Save the Geometry
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7 Enter Flow Data and Boundary Conditions

i

24.0pen the Unsteady Flow Data editor 2|,

25. Save the Unsteady Flow Data as "PMF Flow”.

26. Specify a Normal Depth BC for the Downstream boundary with $=0.0003

8 Unsteady Flow Data - O X

File Options Help

Description: I J AppIyDatal

Boundary Conditions | Initial Condih’onsl Meteorological Daial Observed Daial

Boundary Condition Types

Stage Hydrograph | Flow Hydrograph | StageFlovs Hydr, I Rating Curve |
q; MNormal Depth ;l) Lateral Inflow Hydr, | Uniform Lakeral Inflow I Groundwater Interflow |
T.5. @ate Openings | Elev Controlled Gates | Mavigation Dams I 1B StageFlow |

Rules | Precipitation | @ El
Add Boundary Condition Location

AddRS.. | AddSA/2DFlowArea... | AddComn... | addPumpsts.. | AddPipeNode... |

ct Location in table then select Boundary Condition Type
River Reach Boundary Condition

I

Storage/2D Flow Areas Boundary Condition
ﬂ Downstream Area BCLine: Downstream Mormal Depth

SA/2D Area Conns dary Condition
1| Sayers Dam

Normal Depth Downstream Boundary
2D: Downsiream Area BCLine: Downstream

Friction Slope:

{* Compute separate water surface elevation per face along BC Line

{~ Compute single water surface for entire BC Line

"2{) Flow Area Boundary Condition Parameters

O

27.Set the Gate Opening Time Series

a. For Sayers Dam, set the boundary type to Time Series of Gate
Opening.

b. Set the opening to a time series with a constant value of 2 ft
28. Add a Flow Hydrograph for inflow into the Reservoir.

a. Click Add SA/2D Flow Area button

b. Select the Reservoir

c. Add a Lateral Inflow Hydrograph to the Reservoir

d. Increase the number of points in the table to 200 using the

Mo, Ordinates | button

e. Copy-paste the Lateral Inflow Hydrograph tab of the Excel sheet
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29. Set the Initial Conditions for the Reservoir Pool
a. Click on the Initial Conditions tab
b. Set the initial elevation of the Reservoir to 630 ft.

Storage Area/2D Flow Area Initial Elevation
1| 2D: Downstream Area
2| 5A: Reservoir 6530

c. Leave the 2D Flow Area blank. It will start dry.
30. Save the flow data

8 Create a Plan with Breach and Simulate

31.0Open the Unsteady Flow Analysis editor E

32.Save the plan with a title "SA to 2D 500 ft” and Short ID
“SA2D500ft".

33. Check the boxes for the Geometry Preprocessor and Unsteady Flow
Simulation.

34.Set the Mapping Output Interval, Hydrograph Output Interval, and
Detailed Output Interval to 5 min.

35. Set a 5-day simulation window.
36.Set a “reasonable” time step (i.e. Computation Interval) to start.

37.Click on the menu Options | Computation Options and Tolerances,
select the 2D Flow Options tab, and set the Initial Conditions Time for
the 2D area to 2 hrs.

Parameter (Default) I Downstream Area
1| Theta (0.5-1.0) 1 1
2| Theta Warmup (0.5-1.0) 1 1
3| Water Surface Tolerance [max=0.2](ft) 0.01 0.01
4| Volume Tolerance (ft) 0.01 0.01
5 [ Maximum Iterations 20 20
6| Equation Set Diffusion Wave Diffusion Wave
7| Initial Conditions Time (hrs) | p|
8| Initial Conditions Ramp Up Fraction (0-1) 0.1 0.1

38. Click on the menu Options | SA Connection Breach.
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39. Enter the Breach Parameters as shown in the figure below

Storage Area Connection Breach Data

SA Connection ﬂ ﬁ Delete this Breach ... | Delete all Breaches ... "7

¥ Breach This Structure

Breach Method: Breach Plot I Breach Proaression | Simplified Physical | Physical Breaching (DLBreach) | Parameter Calculator | Ereach Repair (optional) |
|user Entered Data ~| Bald Eagle Creek Dam Breach Analysis  Plan: SA to 2D 500 ft i‘

Center Station: W 700 Legend

Final Bottom Width: ,200— lw‘

Final Bottom Elevation: [0 880 ] Centerline Terrain

Left Side Slope: ,DS— Final Breach

Right Side Slope: ’DSi 860

Breach Weir Coef: ’2.67 T,

Breach Formation Time (hrs): 3
Failure Mode: Piping A

Elevation (ft)
@
=
3

Piping Coeffident: ,US—
Initial Piping Elev: 630 620
Trigger Failure at: ’m
Starting WS ’6767 600
EBUO 1000 2000 3000 4000 5000 6000 7000
Station (ft) f
RaN| >
OK ‘ Cancel ‘

40. Check the box for Breach This Structure.
41.1In the Beach Progression tab Select Sine Wave.
42.Save the Plan Data.

43. Compute the results. The simulation should take about 30 seconds.

9 Review Results

After running the model, review the output and answer some questions.

Question: What is the Peak Outflow coming out of the Dam from the PMF event and
the breach?

Question: What is the peak flow coming out of the 2D Flow Area for the downstream
Normal Depth boundary condition outlet? Does this flow make sense given the
upstream inflow from the Dam breach, the terrain data, and the computational mesh
used?

Question: Is the Computational Time Step appropriate for the selected 2D Flow Area
cell size and the floodwave being routed through it?

Question: Is the Computational cell size in the 2D Flow Area adequate for modeling
the terrain, levees, and roads in this area? If not, briefly describe why not?
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10 Change 2D Cell Size and Re-Run

44.In RAS Mapper, Save Geometry As and provide a new name ("SA to 2D
Area 250 ft”)

- [¥] Geomelries
B [¥] 5Ato 2D Area 500 ft [ o _

& [] Cross Sections o= RAS Geometry Properties
-] Storage Lreas
-[#] 2D Flow Areas

#1- [#] SA2D Connections A Validate Geometry
- [] Boundary Conditior| [[] Save Geometry As... M

Edit Geometry

77 o Fr I =na ]
(1> trmply Lapers) _,(1
1

Delete Geometry

45, Start Editing the mesh by clicking on the -
46. Click on the Edit Mesh Properties button in the toolbar

L-" % | & Tools véﬁ ?

47.Change the cell size to 250 ft and Generate Computation Points with
Include Breaklines.checked. A menu will appear. Select Yes to generate
the new points.

E 2D Flow Area Editor X
20 Flow Area: |Downstream Area j ﬂ
Cell Properties ]

Computation Points

Points Spacing (ft) DX: | 250 DY: | 250 ﬂl Mesh State = Complete

Number of Cells = 3257
Average Face Length =512
Average Cell Size = 262,189
Maximum Cell Size = 800,703
¥ Include Brezklines / Refinement Regions Minimum Cell Size = 97,529

Generate Computation Points I Mesh Status = Success: Existing mesh
read from hf file in 0 005 seconds.
Generate Compuation Points

Hydraulic Cell/Face Properties
Default Manning's n Value: 0.04
™ Spatially varied Manning's n on face 'E}l Compute Property Tables |

Force Mesh Recomputation | Cloze
4

Generate Points

: The 20 Flow Area named 'Downstream Area’ currently
l contains 3822 points.

Generating new points will replace all existing paints [this
includes any hand edits)! Do you want to replace all existing
data?
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48.
49,
50.
51.

52.
53.
54,

55

Close the 2D Flow Editor.
Inspect the mesh and edit any areas with poor mesh quality manually.
Stop editing the Geometry.

Save the base Plan to a new plan with the title “"SA to 2D Area 250 ft” and
Short ID "SA2D250ft”

Select the new Geometry for the Plan.
Select an appropriate time step
Compute

. Review the following questions

Question: Is the peak outflow from the dam any different than the previous run
done with 500ft mesh?

Question: Has the Peak outflow coming out of the 2D Flow Area changed? If so,

why?

Question: Are there any differences in the inundation mapping between the two

runs?
event

Look at the Max Depth inundation, as well as different time steps during the
in order to answer this question. It will also be helpful to change the color of

one of the plans to something other than Blue. I changed my 250 ft Plan to
Red/green, and moved it to be the top layer, which made it easier to see differences
between the two plans.

Question: Does the smaller cell size better represent the downstream terrain and
the levee system protecting Lock Haven? 1Is it detailed enough with this cell size? If
not, what are the options you could use to model the Lock Haven levee system more
accurately than it is currently represented in this model?

Question: Do you think it is appropriate to use the Diffusion Wave equations or the
Full Shallow Water equations for this Dam Breach analysis in the Bald Eagle system?
Why or why not?
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11 Change Governing Equations and Re-Run
56. Create a new plan with the 500-ft resolution mesh and Save it with the Title
“SA to 2D 500 ft ELM” and Short ID “SA2D500ftELM”

57.1n the Unsteady Flow Analysis editor, select on the menu Options |
Computation Options and Tolerances and select the 2D Flow Options
tab.

58. Set the Equation Set on line 6 to SWE-ELM (original/faster). This is the
Eulerian-Lagrangian Solver of the Shallow Water Equations.

59. Select an appropriate time step for the SWE-ELM solver.
60. Save the Plan Data.

61. Compute the results.

Question: Generally, are the results from the SWE solver very different from the
Diffusion Wave (DWE) solver?

Question: Where are the largest differences expected between the SWE and DWE
solvers and why?

Question: How can you tell if you used an appropriate time step? What variables or
model output would you look at to determine if the time step is appropriate?
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12 Use the Breach Parameter Calculator and Change the Breach Width

62.Create a new with plan the 500-ft resolution mesh, SWE-ELM solver, and
Save it with the Title "SA to 2D 500 ft ELM Mod” and Short ID
“SA2D500ftELMMod”.

In the Unsteady Flow Data editor, select the menu Options | SA
Connection Breach.

63.

64.

Select the tab Parameter Calculator, and enter the parameters as shown

below

Storage Area Connection Breach Data

SA Connection |Say’ers Dam
v Breach This Structure
Breach Method:

|USer Entered Data LI
Center Station: W
Final Bottom Width: [0
Final Bottom Elevation: ISQO—
Left Side Slope: ,05—
Right Side Slope: ’05—
Breach Weir Coef: IZ'G—
Breach Formation Time (hrs): ,3—

Failure Mode: Piping -
Piping Coeffident: IDS—
Initial Piping Elev: ,63‘0—

Trigger Failure at: m
Starting WS ,676—

j ﬂﬂ Delete this Breach ... | Delete all Breaches ... |

Breach Plot | Breach Proaression | Simplified Physical | Physical Breaching (DLBreach) -
Input Data

Top of Dam Elevation (ft): 683 Breach Bottom Elevation (ft): 590
Pool Elevation at Failure (ft): 676 Pool Volume at Failure (acre-ft): |178780

Failure mode: Piping -
MacDonald

Dam Crest Width (ft): 100 Slope of US Dam Face Z1 (H:V): [0.3
Earth Fill Type: | Non-homogeneous or Rockfill LI Slope of DS Dam Face 22 (H:V): [0.3

¥u Zhang (and Von Thun)
Medium

Dam Type: | Dam with corewall

4

LI Dam Erodibility:

Breach
Method BreachBottom S |/ oo o) | Development Tame
Width (ft)
(hrs)
MacDonald et al 2102 0.5 243 Select
Froehlich {1995) 439 0.9 3.31 Select
Froehlich {2008) 408 0.7 2.94 Select
Von Thun & Gillete 348 0.5 0.77 Select
Xu & Zhang 291 0.61 5.00 = Select

AMETRL CAlruiator | Breach Repair (optional) |

OK

Cancel

65. Set the Breach Final Bottom Width to 400 ft.

66. Save the Plan Data.

67. Compute the results.

Question: Plot time series of water levels near the dam and near the city of Loch
Haven. How different are the water levels at these two locations?

Question: Did changing the Final Breach Width affect the model stability? If so why
would it do that?
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