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1D Dam Breaching Analysis
Cross Section for Pool and Downstream
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1D Dam Breaching Analysis
Storage Area Pool and XS Downstream
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Breach Model Configuration Options
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1D River Reach Pool and 2D Downstream
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1'D River Reach Pool and 2D Downstream
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Animation 1D River Reach Pool and 2D Downstream
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Breach Model Configuration Options
XSs XSs
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1D Storage Area P D Downstream

B O
File Edit Options View Tables Tools GIS Tools Help

Description Plot WS extents for Profile:

| : _| (none) -

Param.

4 4

| 2009220.54, 326421.48




Steps to Connect a SA to a 2D Flow Area
with a SA/2D Area Hydraulic Connection

= Draw the Storage Area and enter its data
= Draw the 2D Flow Area and create Mesh
= Using the SA/2D Area Conn drawing tool

» draw the line that represents the hydraulic Structure from
left to right looking downstream

s Select the SA/2d Area Conn data editor

» Enter the "From” and "To"” connections
» Enter the top of dam and spillway profile
» Enter any gate data, etc...
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Modeling the Dam with a SA/2D
Area Hydraulic Connection

=" Connection Data Editor - SA to 2D Flow Area - Detailed £ O >
File View Help
connecton:  [CELANMNIN - | | | o |
Description | J Breach (plan data) ...
Connections
Erom: |Storage area: Reservoir Pool Sef SA/2D ... Weir Length: 7423.00
To: 12[) flow area: BaldEagleCr Set SA/2D ... Centeriine Length: 7423.02
Centerline GIS Coords... ‘
Structure Type: |w-e'|r, Gates, Culverts, Outlet RC and Outlet TS LJ Terrain Profile ... ‘
Fap Gates:  |No Flap Gates ~|
Em\;lzﬁikrn:;nt Dam J
=
I H
o 7007 Legend
—————
% 620 Spiltway
r TW Cell Min Elev
Datéet = £ Centerling Terrain
K 5 6!']_
outet | B O
T5 ke
b~ | ™ &20]
5007
550 : : : — i
-2000 0 2000 4000 &000 8000
Station (#} _] m
A i3 |
Iselect connection to Edit ®
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1D Storage Area Pool->2D Area D




Breach Model Configuration Options
XSs XSs
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2D Reservoir Pool and 2D Downstream
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2D Reservoir Pool and 2D Downstream
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Animation of 2D Reservoir Pool and 2D Downstream




Single 2D Flow Area with Internal Hydraulic
Structure for the Dam
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Breach Model Configuration Options
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Slngle 2D Flow Area with Internal Hydraulic
Structure for the Dam
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Animation of Single 2D Flow Area with Internal Hydraulic Structure for the Dam
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1. Six Dam Breach

Model Configurations




Dam (Inline Structure) Breach Data

Inine Structure 3| 1| Dekete thisBreach ... | Dekte all Breaches ... | [ 392178, 701.74
Iv Breach This Structure
Breach Method:

Breach Plot | Breach Progression| Simp
Bald Eagle Creek Example Dam Br

Final Bottom Width:

2. Breaching Options

Right Side Slope:
Breach Weir Coef:

and Parameters e

Piping Coefficient:
Initial Piping Elev:

Trigger Failure at: m
Starting WS ’517

00 5000 6000

Station




Dam Break Analysis in HEC-RAS

[0 Failure Modes
o0 Overtopping and Piping

[l Failure Initiation based on:
n stage
o simulation time
o stage + duration, and immediate initiation stage.

[I Breach progression
o linear or nonlinear (user specified)
o Simplified Physical Breaching Option
o DL Breach

®
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Modeling the Dam with a SA/2D
Hydraulic Connection

Area

®

DING STRONG,,

w Connection Data Editor - SA to 2D Flow Area - Detailed 5 O b
File View Help
Connecton: RGN - | ¢ t| ooy oas |
Description | J Breach (plan data) ...
— Connections
From: ]Stnrage area: Reservoir Pool Set SA2D ... Weir Length: 7423.00
To: 12D flow area; BaldEagleCr Set SA/2D ... Centerline Length: 7423.02
Centerline GIS Coords... ‘
Structure Type: |Weir, Gates, Culverts, Outlet RC and Outlet TS ~| Terrain Profie ... ‘
Fap Gates:  |No Flap Gates |
wheir
Embarkment Dam
Gatel
I H
e TDDE Legend
1 ]
Culvert 55&{ Spilway
= ] B TW Cell Min Elev
[%1 = a0 _ Centerline Terrain
C ]
=l ]
Outet | © B
15 o ]
b~ | ® 620
500
sMr—_
-2000 0 2000 4000 6000 8000
Station (ft)
KR 27 |
[Select connection to Edit




Inline Structure Dam Break Control

w Inline Structure Data - 1D-2D Dam Brea[}Model Refin.. — O s

File View Options Help

|~ ] + e |
v | Riversta.:|81454 Joseph SayersDa v | ﬂ ﬂ

Upstream Xs: _ 81914 Upstream channel length: 998.163 (ft)
Description ‘Foster Joseph Sayers Dam and Reservoir J

Reach: ]Lor:k Haven

Pilot Flow 10 Breach (plan data) ... Rules (unsteady data) ... I

All Culverts:  |No Flap Gates ~|

Wefir
Embae;lkrmgnt Bzld Esgle Cresk Exampie Dam Brask Study Plan: 1d-2D Dambresk Refined Grid  5/9/2018 _J

Gate

=1
e

Legend

R

Ground
*
Bank Sta

Culwert

Outlet
RC

Vi

Elevation (ft)

Outlet
15

e

0 1000 2000 3000 4000 5000 6000 70OO

Station (ft) -

|Select the river for inline structure editing

£ Unsteady Flow Analysis
File | Options | Help

Plan

Prt
v
v

~*  Stage and Flow Output Locations ...

Flow Distribution Locations ...

Flow Roughness Factors ...

Seasonal Roughness Factors ...
Automated Roughness Calibration ...

Unsteady Encroachments ...
Ungaged Lateral Inflows ...

v Dam {Inline Structure) Breach I

Sin
st

Er
—Co
Co
Ma

D3

Levee (Lateral Structure) Breach ...
SA Connection Breach ...

Calcuiation Options and Tolerances ...

Output Options ...

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

Initial Backwater Flow Optimizations ...

Sediment Computation Options and Tolerances ...

Sediment Output Options ...
Sediment Dredging Options ...

Check Data Before Execution
View Computation Log File ...
View Runtime Messages ...

1D-2D Refined Grid

=
=

pstream 1D river reach to
is 1D cross sections

| downstream of the dam
D Flow Area is used to
he dam.

1200
1200

Interval: |5 Minute v]
arval: 1 Hour -

sets\2D Unstead) |
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Dam Breach Data

Dam (Inline Structure) Breach Data

) jT=R=igteil| (<0 Bald Eagle Cr. Lock Haven 81454 v ﬂﬂ Delete this Breach ... ‘ Delete all Breaches ... H 3921.78, 701.74

v Breach This Structure

Breach Plot ] Breach Proqress‘ron] Simplified F‘rh‘fsicall Parameter CaLcuIatcnr] Breach Repair (optional) ]

Breach Method: Bald Eagle Creek Example Dam Break Study  Plan: 1d-2D Dambreak Refined Grid  5/1/2018 il
|User Entered Data ﬂ
Ceniter Station: 5250 720 - - -
1 egen
Final Bottom Width: 446 . S A
TUU- % Ground
Final Bottom Elevation: 585 *
Bank Sta
Left Side Slope: 0.9 660 Final Breach
Right Side Slope: 0.9 = - ]
Breach Weir Coef: 2.6 2
Breach Formation Time (hrs)|3.2 = 640
Failure Mode: |F"Ipiﬂ1§| ﬂ EEU-:
Piping Coefficient: 0.5 ]
Initial Piping Elev: 620 bR
TriggerFailureat:|W5Em ﬂ EBU:----.----.----.----.----.----.----.
Starting WS e ] 1000 2000 3000 4000 5000 6000 7000
Station (ft) -
4 [
Ok | Cancel
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Non-Linear Breach Growth

Dam (Inline Structure) Breach Data

[ a R egiw il Bald Eagle Cr. Lock Haven 81454

v Breach This Structure
Breach Method:

ﬂl‘ Delete thﬁBreach ‘ Delete all Breaches ... H
Las

Breach Plot Breach Progression ] Simplified Phx—*ycaﬂ Parameter Calculator| Breach Repair (optional) |

(@ Use equal vertical and horizontal growth rate

]US’Er Entered Data lj Set to Linear ... | Sine Wave ... ‘ (" User specified vertical/horizontal growth ratio: 11
Center Station: 5250 _ -
i Time Breach | Breach Progression Plot A
Final Bottom Width: |445 Fraction Fraction -
1 0 0
ion: 585 -
Final Bottom Elevation: 2 0.05 0.006
Left Side Slope: 0.9 3 0.1 0.024 5
: : ]—‘ 4 0.15 0.054 =
Right Side Siope: o 5 0.2 0.095 £
I L
Breach Weir Coef: 2.6 6 0.25 0.146 =
! 0.3 0.206 o
' 3.2 - =
Breach Formation Time (hrsjﬂ 3 0.35 0.273 &
Falure Mode:  |Piping ~| |09 0.4  0.345 :
10 0.45 0.422 &
Piping Coefficient: 0.5 =
11 0.5 0.5 =
Initial Piping Elev: 620 12 0.55 0.578
Trigger Failure at: ]WSEIE‘I.-' j ii DDE.E g'fgi 13, .= . N A A
- - : 0.0 02 04 06 0.8 1.0
Starting WS 661 15 0.7, 0.794 |
16 0.75 0.854 Fraction of Breach Time -
17 n R n ans LJ 1] b
OK | Cancel
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Piping Failure Breach Growth Geometry




Breach Repair Option

Inine Structure  |Bald Eagle Cr. Lock Haven 81454 | ﬂ ﬂ Delete this Breach ... ‘ Delete al Breaches ... ‘ |

v Breach This Structure
Breach Method:

Breach Plot| Breach Progression| Simpified Physical| Parameter Calculator Breach Repair (optional) ]

|User Entered Data ﬂ Number of hours after full breach to start repair: I—
Center Station: W Total repair time (hours): I—
Final Bottom Width: I%— Final filed in elevation: I—
Final Bottom Elevation: 585

Left Side Slope: ID'_-"J—
Right Side Slope: oo
Breach Weir Coef: IEE—
Breach Formation Time (hrs]lfz‘.?—

Faiure Mode: |F'iping ﬂ
Piping Coefficient: 0.5
Initial Piping Elev: 620

Trigger Failure at: |W5 Eley ﬂ
Starting W5 661

0K Cancel
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Breach Regression Equation Calculator

Inline Structure  |Bald Eagle Cr. Lock Haven 81454 | ﬂ T | Delete this Breach ... | Delete all Breaches ... ||
S Z
v Breach This Structure Breach F'IDH Breach Proqress‘m] Simplified Physical Parameter Cak:ulator] Breach Repair (optional) |
Breach Method:
|LI Entered Data _] el
Ser ch - T
: . 683 Breach Bottom Elevation (ft): |585
Top of Dam Elevation (ft):
Center Station: 5250 : : | : haan, |
Pool Elevation at Failure (ft): 676.8 Pool Volume at Failure (acre-ft): |187000
Final Bottom Width: 446 e
inal Bottom Failure mode: | Piping L]
Final Bottom Elevation: 585 MacDonald
Left Side Slope: 0.9 Dam Crest Width (ft): |25 Slope of US Dam Face Z1 (H:V): 3.5
Right Side Slope: 0.9 Earth Fill Type: | Non-homogeneous or Rockfil | Slope of DS Dam Face 72 (H:V): [3.5]
Breach Weir Coef: 2.6 Xu Zhang (and Von Thun)
Dam Tvpe: | Dam with corewall v | Dam Erodibility: Medium -
Breach Formation Time (hr5}|3-2 P | —J b | —]
Failure Mode: |F"IF'iﬂQ L] Breach
: : Breach Bottom .
Piping Coefficient: 0.5 Method Width (ft) Side Slopes (H:V) | Development
Time (hrs)
Initial Piping Elev: 620
MacDonald et al 743 0.5 2.51 Select
Trigger Failure at: ]WS Elev ﬂ
Starting WS m— Froehlich (1995) 447 0.9 3.23 Select
Froehlich (2008) 413 0.7 2.85 Select
Von Thun & Gilete 361 0.5 0.81 Select
Xu & Zhang 297 0.62 4.88 * Select
OK Cancel




Simplified Physical Breaching

Lateral ]Bald Eagle Cr. Lock Haven 23100 :J i| l] Delete this Breach ... | Delete all Breaches ... ”
= 3
¥ Breach This Structure h Breach F'bti Breach Progression Simplified Physical i Parameter Calculator | Breach Repair (optional) |
Breach Method:
e Overtopping Downcutting Widening Relationship
Snpied Py Velocity (ftfs)|Dmuncutljng Rate (ft/hr) Velocity (ft/s) | Widening Rate (ft/hr)
Center Station: |1UUU 2K ) 4 1] U U
il 1 0 2 1 0
j - 11000 — - : —=
Max Possible Bottom Width: ] E 2 0 Ei 5 0
Min Possible Bottom Elev: hed 3| 5 4 3 10
5 5 10 5 5 50
i : 0.1 — - —
Left Side Slope: | i 10/ 75 N 10 100
Right Side Slope: 0.1 7] 20 100 7 20 200
8 8
Breach Weir Coef: |2-6 8 5|
Breach Formation Time (hrs]] E E
11 11
Failure Mode; iDvertopping .v_j 5 =
Piping Coefficient: |U-'5 E E
[— 14 14
Injtial Piping Eley: ic 15
16] | 16)
17 17
[ Mass Wasting Feature: | 55 - =
Trigger Failure at: iws Elev+Duration :_! 1ol I 1o
Threshold WS |5??_5 E E
: 21 21
Duration Above Threshold — =
i 2 | 22
Immediate Initiation WS |5g[]_5 93 23
[ Accumulate Duration oK ‘ Cancel ] »
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Performing the Computations

. Unsteady Flow Analysis 4
File Options Help

Plan : iS’lngle 2D Area - Internal Dam Structure Short ID: |Single 2D
Geometry File |5ingle 2D Area - Internal Dam Structure L]
Unsteady Flow Fle :  |Single 2D Area ~|
Programs to Run Plan Description
[v Geometry Preprocessor In this example a single 2D flow area is used to model the entire
[+ Unsteady Flow Simulation system, including the Dam. The computational mesh was
[ Sediment modyfied in the area of the dam to align the cell faces along the
[v Post Processor top of the dam. A SA/2D Connection was added inside of the

2D flow area to represent the Dam, including the top of dam,
overflow spilway, and low flow gates. This internal hydraulic

[ Foodpiain Mapping structure wil control flow from the cells upstream to the cells

downstream.
I m pO rtant Simulation Time Window:-
: Starting Date: 01JAN1999 . Starting Time: 1200
Computational - | -] :
Se t t nas Ending Date: ]U‘UEN 1999 - Ending Time: 1200
| =l
gs —~ - Computation Settings

Computation Interval: JBD Second LJ Hydrograph Output Interval: ]1 Minute LJ
Mapping Output Interval: |1U Minute _v_] Detailed Output Interval: |1 Hour LJ
DSS Output Filename: ]d:HHEC Data\HEC-RAS\Automated Test Datasets\2D Unsteady E]

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

Compiite
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Dam (Inline Structure) Breach Data

Inine Structure 3| 1| Dekete thisBreach ... | Dekte all Breaches ... | [ 392178, 701.74
Iv Breach This Structure
Breach Method:

Breach Plot | Breach Progression| Simp
Bald Eagle Creek Example Dam Br

Final Bottom Width:

2. Breaching Options

Right Side Slope:
Breach Weir Coef:

and Parameters e

Piping Coefficient:
Initial Piping Elev:

Trigger Failure at: m
Starting WS ’517

00 5000 6000

Station




3. Breach Results and
Visualization

Veloity feet/sec]

s

“

Velocity

— Single 20

All Enabled Results

Un;te‘a‘dy Time Series Plots
Temain50 Bevation: 561.81 feet

1999-01-02 1999-01-03 1999-01-04
Time (1/3/1999)



Breach Results and Visualization

= Hydrographs at Inline Structures, SA/2D
Hydraulic Connections, and Storage Areas

= Profile Plots for 1D Reaches

= Flow Hydrographs at 2D Area Boundaries

* [nundation Maps/Animations in RAS-Mapper
» Stage Hydrograph Plots in RAS-Mapper

» Velocity Time Series in RAS-Mapper

3,
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@Eﬂt&ge and Flow Hyd

Inline Structure Hydrograp

File Type Options Help

River; |Bald Eagle Cr, _‘_-'_J _._'_J!

Reach: |LodkHaven Ei
W PlotStage |V PlotFlow W ObsStage | ObsFlow [ Use RefStage

River Sta.: 81454 IS Joseph v | _ﬂﬂ

| Volume(acre-ft)

Time Series | Maximum Time at Max
1[HW Stage 661.51|02Jan1999 1855
2| TW Stage 626.11|02Jan1999 2055
3| Flaw 534592.80 02Jan1999 2045

375647.65

Reload Data !

Stage Flow iTabIe | Rating Curve | Gate Openings |

Stage (ft)

Plan: 10-20 Refined Grnd River: Bald Eagle Cr.

Reach: Lock Haven RS: 81454

00000
500000
FA00000

F300000

Flow (cfs)

F200000

100000

Legend

Stage HW
Stage TW

Gate Flow - Gate #1

3




- Stage and Flow H}rergTﬂP]'ﬁ

SA/2D Conn Hydrogra

File Type Options Help
I F“ Time Series | Maximum | Time atMax | Volume(acre-fit) Reload Data I
i
Conn: [Dam = _ﬂ _ﬂ 1| Hw Stage 661,59 023an1999 1904
2| Tw Stage 615,22 023an1999 2038 |
¥ PlotStage ¥ PlotFlow ¥ ObsStage [ ObsFlow [ Use Ref Stage 3| Flow 367140.50 | 02Jan1999 2030 404831.02
Stage Flow iTaI:nIe | Rating Curve | Gate Openinas |
[ Plan: SA to 20 Dam Break 5A Connection: Dam bt
} r400000 Legend
: Stage HVW
6607 Stage TW
Flow
N [ Yo S
00000 Gate Flow - Gate #1
6401 =
= v
e i
S 200000 3
= I=]
@ 5201 TS
100000
500 e
"
G ———————— TR
2400 00 1200 1800 240 Ds00 1200 1800 2400
| 0Zlanag | F3Jangd | f
Time :J
a | k|




1D River Reach W.S Profile Plots

| Eile Options Help

Reaches ... || #| Prafiles .. | [/@] ™ Plot Inital Conditions _Reload Data |

Bald Eagle Creek Example Dam Break Study Plan: 1d-2D Dambreak Refined Gnd

I® Bal Eagle Cr. Lock Haven 'I
Tlill}j Legend
EG MaxWs
AT R T R
f WS Max WS
&80 2 et s Lt |
; i Lat Struct
_._
- Ground
650
=
c ]
g 640
i \
o
Ll
6201
600
EE,D T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
14 16 18 20 22 24 26 26

Main Channel Distance {mi}




Inundation Maps
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— | W i C A [y ol e

Stage Hydrographs — RAS-Mapper

Plot Water Surface Time Sernies

TemainCombined Value: 5570938

— 20 Flow Area:0 cell: 1159

Water Surface [fest]

| I |
02Jan199% 00:00 03Jan199% 00:00 04Jan1999 00:00
Time




Velocity Time Series — RAS-Mappe

v
RAS Mapper

ESEERT)

File Tools Help

Selected Layer: Single 2D

kO @K x X
AR ¥

@-[T]SAto 2D Flow Area

V| Results

=-[C] PMF Multi 2D

i @] Geometry
--{¥] Depth (03JAN1999 14:30:00)
{1 Velocity (01JAN1999 12:00:00)
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