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NRCS Embankment Failure Research 
(SIMBA/WinDAMB model)

Temple, Darrel M., and Hanson, Gregory  J., “Earth Dam Overtopping and Breach Outflow,” Presented at the 

ASCE World Water & Environmental Resources Congress 2005, EWRI, Anchorage, AK, 15-19 May 2005.





Hadlock Pond Dam New York

Height = 29 ft
Storage = 1,600 acre-ft
Failure time: 6:15 pm 

Saturday, 02Jul2005
Hazard Classification: High



Taum Sauk Upper Dam, Missouri

Height = 94 ft
Storage = 1,600 acre-ft
Failure time: 5:20 am 

Wednesday, 14Dec2005
Hazard Classification: High



http://herald-zeitung.com/video_e9e0f25c-7756-11e9-b1cc-3f3ca4a52872.html
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HEC-RAS Breach Data

Which of these 
parameters are 
hard?



HEC-RAS Breach Data Input

▪ Location:  Centerline of breach

▪ Type:  Overtopping or Piping

▪ Size:  Bottom elevation, width and side slopes

▪ Time: to maximum size and progression type

▪ Triggering situation:

✓ Pool elevation

✓ Pool elevation + Duration

✓ Clock time



Before we get into the tough 
parameters…lets take on some of 
these others. 



But First…A Couple Other Features



But First…A Couple Other FeaturesThis doesn’t matter much for a dam

But levees can be more complicated

Where?
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Estimating the Breach Parameters

•Literature And Guidance
• Existing COE guidance
• Prediction of embankment dam breach 

parameters: USBR (1998) Dam Safety Research Report

•Empirical Methods -
• MacDonald and Langridge-Monopolis (1984)
• Froehlich (1995b)
• Von Thun and Gillette (1990)
• Xu and Zhang (2009)



USBR
Technology Review (1998)



Suggested Breach Parameters Where:  HD = Height of the dam.

L   =  Length of the dam crest.



Breach 
Parameter 
Calculator



MacDonald and Langridge-Monopolis (1984)

Earthfill Non-earthfill

hw = Pool Elev – Breach Bottom Elev
Vout = Pool Volume at Failure 

(but is total flow volume – including inflow)

𝑉𝑒𝑟𝑜𝑑𝑒𝑑 = 0.0216 ∗ 𝑉𝑜𝑢𝑡 ∗ ℎ𝑤
0.769 𝑉𝑒𝑟𝑜𝑑𝑒𝑑 = 0.00348 ∗ 𝑉𝑜𝑢𝑡 ∗ ℎ𝑤

0.852

𝑡𝑓 = 0.0179 ∗ 𝑉𝑒𝑟𝑜𝑑𝑒𝑑
0.364

𝐵𝑅𝐸𝐴𝐶𝐻𝑠𝑖𝑧𝑒 = 𝑓 𝑉𝑒𝑟𝑜𝑑𝑒𝑑



 

Von Thun & Gillette (1990)

(erosion resistant)

(easily erodible)

hw = Pool Elev – Breach Bottom Elev
Vout = Pool Volume at Failure 

𝑡𝑓 = 0.02 ℎ𝑤 + 0.25

𝑡𝑓 = 0.015 ℎ𝑤

𝐵𝑎𝑣𝑔 = 2.5ℎ𝑤 + 𝐶𝑏



Froehlich (1995)

Froehlich (2008)

Vw = Volume of water at h

𝑡𝑓 = 0.00254 𝑉𝑤
0.53ℎ𝑏

−0.90

𝐵𝑎𝑣𝑔 = 0.1803 𝐾𝑜𝑉𝑤
0.32ℎ𝑏

0.19

𝑡𝑓 = 20.18 𝑉𝑤
0.5ℎ𝑏

−1.0

𝐵𝑎𝑣𝑔 = 0.27 𝐾𝑜𝑉𝑤
0.32ℎ𝑏

0.04



Width Comparison



Four Important Ideas

1. Do not mix-and-match width and breach time.
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Thought Experiment

When does the clock start for “breach time” in HEC-RAS?

1.) 2.) 

3.) 4.) 



Four Important Ideas

1. Do not mix-and-match width and breach time.

2. Xu & Zang has a different breach development time.

3. Does the breach progression make physical sense?

-Does it keep eroding at low head?
-Does it stop eroding with despite high head and velocity?



• Breach parameter estimation is uncertain.

• We can use HEC-RAS hydraulic results to inform our 
decision on breach parameter selection.

Evaluate Breach Progress



Profile and Breach Plots



Do you have any concerns about this simulation?

Breach 
Progression 
Ends Here

D Head and 
Velocity
Still High



Breach 
Progression 
Ends Here

D Head and 
Velocity
Still High

This Simulation Continues to Widen for High DHead and Velocities

Widening rate in this method is not connected to hydraulics. 
The user has to check to make sure results make physical sense.
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Where do these rates come from?

The guidance is under development.  
There are some historic values that can help.
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Estimating the Breach EvolutionProcess Models: 

•ARS SIMBA/WinDAMB

•HR-BREACH (HR Wallingford)

•DL Breach (Dr Weiming Wu)



From: Risher, P. and Gibson, S. (2016) “Applying Mechanistic Dam Breach Models to Historic Levee 
Breaches,” Proceedings FloodRisk 2016.  Sutter Bypass Levee Breach



From: Risher, P. and Gibson, S. (2016) “Applying Mechanistic Dam Breach Models to Historic Levee 
Breaches,” Proceedings FloodRisk 2016.  Hamburg Breach (Missouri River)



HR BREACH - Erosion through homogeneous or simple composite dams
- Channel erosion, head cutting and side slope instability + piping
- Storage routing with quasi-steady hydraulics thru the breach



DLBreach

Surface

Headcut

Composite



DLBreach



DLBreach

Which of these 
parameters are 
hard?



Four Important Ideas

1. Do not mix-and-match width and breach time.

2. Xu & Zang has a different breach development time.

3. Does the breach progression make physical sense?

4. Test sensitivity…on important result.
(e.g. Arrival Time/Max Stage vs Breach Geometry)

-Try multiple methods



https://www.hec.usace.army.mil/publications/TrainingDocuments/TD-39.pdf

https://www.hec.usace.army.mil/publications/TrainingDocuments/TD-39.pdf
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