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Need for Analysis

 General Need
— Dam failure may cause catastrophic damage to human life
and property
— With Dam Breach Analysis, the damage can be predicted,
and Emergency Action Plan can be put in place.

— Recent dam breaches such as Edenville (Ml) have
highlighted the need to understanding the impacts of
cascading dam breaches on downstream areas.
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Edenville Dam Failure

Edenville Dam Breach
— 5:35 p.m. on May 19, 2020

— Static Liquefaction 7 4. Lancer Lake Dam
 failure of loose, saturated sands in the downstream SitgaE Ry —
_section_of the dam which led to embankment % Secord Dam
lnStablllty ChappelDam  Tittabawassee
« Rare type of failure 2 i / '
Sanford Dam Breach : e Smatwors O
- 746 pm on May 191 2020 }I’ol?ac(o Tittabawassee
. ‘BeavertonDam Rner SRS W
— Embankment overtopping

— Breach outflows from Edenville Dam Breach

_~EdenvilleDam

Damages ‘ e I-ittdba\‘/vas$

River
— More than $200 million in estimated damages b Ao
— Temporary evacuation of about 10,000 people in .. sanford Dam

two counties
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CASE STUDY
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Need for Analysis

« Specific Need
— Evaluate the impacts of a potential embankment failure for Dam
1

* |dentify impacted structures and roadways within the inundation
extent
— State Requirement
* To ensure the emergency planning and response meets the most

recent State requirements
— Previous inundation mapping completed using DAMBRK software

in 2000.
— New state require inundation mapping to be completed using

HEC-RAS software.
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Dams, Bridges and
Culverts
Dam 1
Structure 1

Structure 7

Structure 10
Structure 11
Structure 12

Distance (Miles)

from Dam 1

0
0.2
1.0
1.2
2.4
3.1
3.8
4.0
5.0
5.4
6.5
6.8
7.6
9.3

10.8

. |pam1| pam2 | Dam3 |
Approximate Storage Volume
e . 5000 300 4,500 B3
at Failure (acre-feet) Structure 1
A imate D Height
pproximate Dam Heig 50 i 100
(feet) Dam 2

Structure 10

Structure 11 Structure 8 Structure 4

Structure 9
Structure 6

Structure 5
Structure 7

Structure 12

* Dam
® Structure Miles
Stream 0 05 1

P4



My o\
S

 Embankment Breach Development
* Typical Dam Breach Failure Modes, FEMA (2013)

Failure Mode _m_ Percentage of Failures
Hydrologic Overtopping 71%
Piping/Seepage 14%

Failure of upstream/downstream
2%

face
M Earthquake Unlisted
LU ENNEEIEL I Misoperation/Terrorism 1%
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- HEC-RAS 2D Model Development

« Digital Terrain Model (DEM) from NOAA
— 2012 LIDAR data
— Resolution: 4'x4’
— Vertical Datum: NAVD88 ft

* Manning’'s Roughness Values
— National Land Cover Database (NLCD, 2016)
— Manning’s n Values for Various Land Covers (USDA, 2016)

 Boundary Condition
— Assumed to flow off the grid
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100’ x 100" Mesh

Downstream face elevations
from toe of the dam
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Stage-storage for the Dams

« Daml
— As-built reservoir area map
e 10-foot contours

— Previous dam breach analysis

« Dam 2 and Dam 3

— Historic USGS Contour
e 20 feet Contour for Dam 2 and Dam 3

« U.S. Army Corps of Engineers (USACE) National
Inventory of Dams
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HEC-RAS 2D Model Assumptions

« Sunny day mode of failure was assumed,;
« No infiltration losses are assumed,;
* No losses due to evapotranspiration were considered,;
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Breach Characteristics

Froehlich (2008) equations

Assumptions made based on engineering judgement
and regulator guidance:

— The model assumes obstruction on the bottom half of all
downstream bridges and culverts.

— One (1) acre-foot of pool volume at failure has been assumed
for all bridges for calculation of breach parameters.

— All downstream structures breach when overtopped with two
feet of flow, or more.

— The entire bridge structure collapses due to the breach.
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Bridges and Culverts

« 20 bridges and culverts downstream
— Cost of surveying
— First pass of the model
— Aerial
— Engineering judgement

« Selected 12 out of 20 bridges to input in HEC-RAS
model

18
GEOSYNTEC CONSULTANTS



0+70

1540 UPSTREAM SECTION
1530 (
|-
1520 —\_ FLUME _'I
1515
0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70
0+00 0+60
1540 DOWNSTREAM SECTION 1540
1530 1530
1520 \\_ 1 1520
FLUME
1510 1510
1505 1505
0+00 0+10 0+20 0+30 0+40 0+50 0+60

1540

1530

1520
1515

GEOSYNTEC CONSULTANTS

19



o e g o e
ZZECEZ2
o o -
o+00 0425 0450 04758 st et gt ik Gt et 1425 1450 1475 1486
i L p eyttt ey
H ] et et et et et ]|
i = i et e
{ - st ot ot s
| ot ot g gt g
| . CONCRETE BRIDGE = ot s gl [ e
e WITH POSTS et ot et ot et «
1| vint AND ASPHALT SURFACE ot ot ot gt gt et
Ay \ — it ot et et et
e | ot ot ot ot et e
Tt \ — i — -
(e \ Gt
L !
0+00 | 0425 0+50 (30 pfatond = 1425 1486
— LW RO i s i A A h
e
==a===
" ’ pnye Janpanpant
o 20° 50' ‘
0:00 UPSTREAM SECTION 100 1435
1030 1020
i E‘”’»ﬁh = Guun&u
1030 h | i} 1030
! T kY ]
ooz
jor1025.
1020 - e 1020
[staot 101
it
1010 u' I = e EEE 1010
1 Sta)+3515 “‘1 o
— — L
5109
Bl e 1 I
1000 1000
0400 0410  0:20 0:30 040 0450 0460 0570 0480 0490 1300 1410 1520 1430 1480 1450 1460 1570 14801485
0i00 DOWNSTREAM SECTION 1«0 sias
1080 1040
}Z% 1282 [ =
s UARDRAILS ’
1030 i S s Y S ===t 1030
f—t 1l 3 7 1
1020 borbos 1020
1252 & N_sta1477.3
= e pes —— Beei0252
1010 1 THET Salutis—1— 1010
—— 1 evidi3.2 o
SHTEY
N Gt |
1000 1000
0:00 0410  0:20 0430 0:0 0350 0860 070  0:80 0490 1300 1410 1520 1430 1480 1450 1460 1570 1:301:85

GEOSYNTEC CONSULTANTS

20



1160
LR
PORTIONS OF THE BRIDGE ASOVE ¥ e | soway
THE BEAMS DEPICTED HERE | o - |~ Beviart
ARENOTBASEDONSTE 130 [T T 1130
MEASUREMENTS, sUTONLY = == | Raes
ON PHOTOGRAPHS. ——{"Bm 1423
y = bt 1180
5M0+06.6. =1
Devi 14461333 (B30 11343 i35
0+00 o0 mmy-]oﬂo 0480 0+30 0460
Bl 1302
0+00 DOWNSTREAM SECTION cHeo
1180 1180
LR
FORTIONS OF THE BRIDGE ASOVE Shatrens
“THE BEAMS DEPICTED HERE | _WOODEN sfiDGE __| /"mmm
ARENOT BASED ONSTE 110 1%,
BUT ONLY nﬂ"‘.l
ON PHOTOGRAFHS. A A= G b
Stod 18
8
2 i
Benteed—T1ss |Bedin] H L | s
0400 o+ 0420 | 0430 0%0 0450 0460
2a0428.1 j o 20 0 &'
Bl 1382
SCALE1" =

GEOSYNTEC CONSULTANTS

21



Results

Structure 1

Dam 2
Structure 2

Structure 10

Structure 11 Structure 8 Structure 4
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Inundation Map

More than 70
buildings were
Inundated as a
result!

The structures

were identified
by the regulator.
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Hazard Potential

 Loss of life is considered
probable when destruction
factor is greater than 15
— (maximum velocity in feet per

second x maximum depth in
feet)

« High potential for loss of
human life

. Destruction factor less than
15 at Dam 3, Structure 11
and 12
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Conclusion

Breach of Dam 1 would result in breach of Dam 2
10 of the 12 modeled bridges would breach
More than 70 structures would be inundated

Destruction factor greater than 15 for most modeled
bridges. Dam failure could result in loss of life and
significant damage to the properties.
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Lessons Learned

« Consideration to downstream bridges and dams
* Engineering judgement
— Number of structures to survey
— Bathymetry
— Modeling domain
* Field visits
— Aerial / photos for guidance
« Publicly available data
— Historical data

« Unsteady 2D HEC-RAS Model are very unstable
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Estimated Permitted Area Characteristics
units Dam 4
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