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U.S. Dams by Decade Built
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2 Hp Bulldozer

4 Hp Scraper
Steam Roller

Steam Shovel

Pre-1940s Earthmoving 
Equipment

Sheep's Foot 
Compaction

Patented 1904
First earth embankment dam compacted with 
sheepsfoot roller was Henshaw Dam in 1920-23
Source: Dr. David Rogers
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RES.643 – Northeast cone. Class "B" earth embankment.
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Garrison Dam
North Dakota

1940s-70s 
Earthmoving 
Equipment
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Homogeneous Dam
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Homogeneous Dam
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Puddled Clay Core Dam
1800s - ~1920
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Homogeneous Dam With Cutoff Wall 
(~1860 – ~1930)
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East Dike
Original Construction
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Glenford Dike 
Original Construction
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Zoned Dam with Grout Curtain
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Failure By Internal Erosion



Internal Erosion Terms

31





Illustration of a Piping Failure



June 5, 1976
Teton Dam Clear Water Springs from Joints

In Rock

Hydropower Plant



June 5, 1976
Teton Dam Muddy Seepage Observed at Right

Abutment 8:30 a.m.



Two Dozers Sent to Fill Hole, 10:30 a.m.





June 5, 1976 10:45 a.m.







11:20 a.m. Large Vortex Observed In Reservoir







Dam Crest Breaching, 11:55 a.m.





Early Afternoon



....  14 Lives Lost

.... Over 1 Billion in Property Damage





Case History: Tongue River Dam, Montana• Constructed 1937-1939
• 1,300 feet long, 91 feet high
• 65,000 AF Storage

49 www.damsafety.org 

Photo courtesy of Dr. Deb Miller
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Tongue River Dam, Montana Photo courtesy of Dr. Deb Miller
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Void

Tongue River Dam, Montana Photo courtesy of Dr. Deb Miller
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Tongue River Dam, Montana Photo courtesy of Dr. Deb Miller
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Tongue River Dam, Montana Photo courtesy of Dr. Deb Miller



Casagrande (circa 1950)

Cracks are likely to 
occur in most 
embankment dams, not 
only in poorly 
constructed ones, or 
where topographic 
conditions are especially 
unfavorable

www.damsafety.org 

Embankment Cracking







2008 Wenchuan
Earthquake

Sichuan, China
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Zoned Dam with 
Internal Filter & Drains
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Overburden
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Seepage Vertical 
Filter



Drain Sand

Drain Gravel
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Fontenelle Dam, WY
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Fontenelle Dam, WY



Zoned Dam with 
Internal Filter & Drains

Bedrock

Overburden
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`
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What did we learn from 
Fontenelle Dam that is 
missing in this detail?
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Zoned Dam with Berm
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Zoned Dam with Upstream 
Slope Protection
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Video Clip of Modern Earth Dam Embankment

Lost River Site 16, WV



Flow

Foundation Rock

Overburden







Three Conduit Failure Modes

 Seepage along conduit
 Seepage into the conduit
 Seepage out of conduit
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Uncontrolled Seepage and 
Piping



Internal Erosion Along Conduits

3-80



















Lake Wendy, Colorado



U.S. Bureau of Reclamation

Sheep Creek Dam













Photo Courtesy of Jill Butler 





Filter Diaphragm – Outlet Conduit

Anti-seepage Collar





Photo Courtesy of Jill Butler 



Densely 
Compacted Fill 

Densely 
Compacted Fill 

Densely 
Compacted Fill 





Filter Diaphragm – Outlet Conduit





Anti-seepage Collar

No Concrete Cradle



Concrete Cradle Anti-seepage Collar









What’s the Problem?





Filter 
Diaphragm 

Around Outlet 
Conduit









• Wide trench to allow for equipment
• Provide intimate contact with foundation
• Articulated design if settlement a concern
• Use a robust material for conduit (No CMP!!)
• Use ‘Battered’ sides (1:10)
• Use rounded top
• Use sloped fill (6:1) for direct compaction against sides
• Keep fill same level on both sides
• NO SEEPAGE COLLARS
• FILTER DIAPHRAGM



What is wrong?



8’ Diameter RCP & Outlet Structure.  View Looking Upstream



Three Conduit Failure Modes

 Seepage along conduit
 Seepage into the conduit
 Seepage out of conduit



























Nelson Perch Pond, ND
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Nelson Perch Pond, ND



Nelson Perch Pond, ND



Nelson Perch Pond, ND
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Nelson Perch Pond, ND



Nelson Perch Pond, ND



King No. 1 Dam Wyoming, WY



King No. 1 Dam Wyoming, WY



King No. 1 Dam Wyoming, WY



Three Conduit Failure Modes

 Seepage along conduit
 Seepage into the conduit
 Seepage out of conduit



































Animal Burrows/Piping
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Muskrat



16
5

Beaver
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Groundhog



~30-Foot Long Groundhog 
Tunnel at Spruce Run Dam

Used Smoke Bomb and 
Probe to Locate Tunnel

Photo Courtesy of Marc 
Brooks, NJWSA
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Edgewood Old City Lake Dam, TX
Partial failure in 1988, failed in 2009 – both due to animal burrows
Owner had removed 20-30 beaver in past few years





Failure From Deterioration & Animal Damage
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Damages estimated to be ~$50,000,000

Truckee Canal at Fernley Nevada



Truckee Canal Breach – Source: USBR Investigative Evaluation Report March 2008



Truckee Canal Breach – Source: USBR Investigative Evaluation Report



Truckee Canal Breach – Source: USBR Investigative Evaluation Report



Santa Clara Dam Failure, Santa Clar  
Sept. 11, 2012





Santa Clara Dam Failure, Santa Clara Utah, Sept. 11, 2012



15 Minute Break
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