
Lessons Learned from 
Spillway Failures

12:45-1:45 PM



Causes of Dam Incidents
Fundamental Causes
Sabotage  . . . . . . . . . . . . . . . . . . . .
Earthquake Instability . . . . . . . . . . .
Faulty Construction  . . . . . . . . . . . .
Gate Failure . . . . . . . . . . . . . . . . . .
Sliding . . . . . . . . . . . . . . . . . . . . . . .
Deformation . . . . . . . . . . . . . . . . . . 
Spillway Erosion/Breach  . . . . . . . .
Overtopping . . . . . . . . . . . . . . . . . . 
Seepage/Piping . . . . . . . . . . . . . . .
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Source: NRC, Safety of Existing Dams, 1983



Failure Incident Types

Source: NRC, Safety of Existing Dams, 1983



US Deaths From Dam Failures
Dam Failure
South Fork, PA (1889). . . . . . . . . . 
St. Francis, CA (1928) . . . . . . . . . .
Walnut Grove, AZ (1890) . . . . . . . .
Mill River, MA (1874)  . . . . . . . . . . .
Buffalo Creek, WV (1972) . . . . . . . 
Austin, PA (1911). . . . . . . . . . . . . .
Laurel Run, PA (1977) . . . . . . . . . . 
Kelly Barnes, GA (1977)  . . . . . . . .
Canyon Lake, SD (1972) . . . . . . . . 
Teton, ID (1976) . . . . . . . . . . . . . . .
Swift, MT (1964) . . . . . . . . . . . . . . .
Ka Loko, HI (2006) . . . . . . . . . . . . . 

            

Lives Lost
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No known deaths attributed to a spillway breach 



• Inadequate Spillway Capacity
• Failure of Flow Surfaces

• Erosion
• Abrasion
• Cavitation

• Structural Failure from Uplift
• Seepage
• Stagnation Pressures

• Structural Failure from Dynamic Loadings
• Failure of Operating Provisions

• Hoists, Gates …
• Controls



1997, Flow~160,000 cfs









1997, Flow~160,000 cfs



Non-NRCS Spillway Erosion Failures

Slide By:  Darrel M. Temple, P.E. 





Preliminary Factors Potentially 
Contributing to Failure

 Lack of waterstops in slab joints
 Concrete cracking and surface deterioration
 Plugging and collapse of underdrain pipes (roots)
 Unfiltered drains
 Soil-like erodible foundation in places
 Drought impacts on foundation materials
 Insufficient anchorage
 Large variations in slab thickness
 Limited slab reinforcement and joint restraint
 Cavitation?
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Weathered Rock

Water Head Needed to Lift 8” Concrete Slab:

= 8” x 150 pcf =   19.2”   = 1.6 Feet 
62.6 pcf



2009, 20-25 gpm
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Mount Carmel Dam, ND



Mount Carmel Dam, ND





Bad Axe Dam, Wisconsin



Bad Axe Dam, Wisconsin



Bad Axe Dam, Wisconsin



Big Sandy Spillway, WY
Stagnation Pressure Failure

Slab Failed in 1983
After 30 years of Operation

Foundation Erosion



Dye Injected
Dye Observed 

Exiting

























Hope Mills Dam , NC (2010)
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Big Sandy Spillway, WY
Stagnation Pressure Failure

Slab Failed in 1983
After 30 years of Operation

Foundation Erosion



Dutch Fork Lake, Washington County, PA



Fellows Lake Dam, Greene County MO (Photos courtesy of Glenn Lloyd)



















Smooth Dowels

Rounded Top of Joint Filled with 
Flexible Sealant and ¾” Offset









Woodlake Dam (Moore County), Post Hurricane Matthew (2016)



Silver Lake Dam Failure, Michigan



Silver Lake Dam, Mi

 Constructed 1896, rebuilt 1912 & 1945
 30.5’ high, 1,500’ long embankment, 23.6 mi2

 Four earth saddle dikes
 Upgrades Completed 2002
 Increase spillway capacity (PMF)
 Fuse plug emergency spillway (Dike 2)
 Also raised dam crest
 Un-manned site
73 www.damsafety.org 

Source: FERC Root Cause Report, October 6, 2003





















Flow



Little Grassy Dam, Crab Orchard NWR, Illinois (1994)

Flow



Little Grassy Dam, Crab Orchard NWR, Illinois (2012)

Flow



Flow



• 5-10 year flood event on May 14, 2003
• Fuse plug activated 
• Spillway channel eroded well below fuse plug foundation
• Fuse plug 9” below service spillway crest
• Fuse plug foundation and channel susceptible to erosion
• Fuse plug flows 5,00030,000 cfs ~PMF



Source: FERC Root Cause Report, October 6, 2003

25
’

Final Eroded Fuse Plug Breach

Ogee Spillway Fuse Plug

Pilot Channel





Tourist Park Dam• Flooding caused >$100 million damages
• 1,700 people evacuated
• Several bridges damaged or washed out
• Tourist Park Dam overtopped and failed
• Power plant flooded and shut down
• No loss of life or personal injuries (EAP)



Flooding caused over $100 million in damages, but no fatalities



Failure By Spillway Erosion

> 27,000 Earth-cut Emergency Spillways In the U.S. 



1842-1905 Average Rate of Erosion = 
3.8 feet per year (240 feet in 63 years)

Niagara Falls



Federally Owned or Regulated Dams

27,252 Dams

669 Dams

2,700 Dams

2,524 Dams

49 Dams

http://www.google.com/imgres?imgurl=http://www.logodesignworks.com/blog/wp-content/uploads/2011/06/us-department-interior-logo.gif&imgrefurl=http://www.logodesignworks.com/blog/us-department-of-the-interior-trend&usg=__qqaEB33_b352iXB5x4Lnu-Y85-k=&h=200&w=200&sz=18&hl=en&start=2&zoom=1&tbnid=lJ7ylhVVy0O5HM:&tbnh=104&tbnw=104&ei=l156TofSGo6SiAeAkpFG&prev=/search?q=Department+of+the+interior&hl=en&sa=G&gbv=2&tbm=isch&itbs=1
http://www.google.com/imgres?imgurl=http://www.logodesignworks.com/blog/wp-content/uploads/2011/06/us-department-interior-logo.gif&imgrefurl=http://www.logodesignworks.com/blog/us-department-of-the-interior-trend&usg=__qqaEB33_b352iXB5x4Lnu-Y85-k=&h=200&w=200&sz=18&hl=en&start=2&zoom=1&tbnid=lJ7ylhVVy0O5HM:&tbnh=104&tbnw=104&ei=l156TofSGo6SiAeAkpFG&prev=/search?q=Department+of+the+interior&hl=en&sa=G&gbv=2&tbm=isch&itbs=1


auxiliary

Earth Cut Auxiliary Spillway



Auxiliary 
Spillway





Top of Dam

Auxiliary Spillway Crest

Normal Pool
100-Year Flood Storage

Pohick No. 4, VA



Pohick No. 4, Fairfax VA



Pohick No. 4, Fairfax VA





Earthen spillway scour/erosion



Earthen spillway scour/erosion



VEGETAL EROSION PROTECTION





Old Timbers Dam, Big Oaks NWR, Indiana



Old Timbers Dam, Big Oaks NWR, Indiana











Breach

Slide By:  Darrel M. Temple, P.E. - USDA Agricultural Research Service

Flow Duration - 23 hr

Max Depth – 5.1 feet

Spillway Width – 100 feet
Black Creek, Mississippi



Three Phase Approach

Photos courtesy of Darrell Temple





Slide By:  Darrel M. Temple, P.E. - USDA Agricultural Research Service

Black Creek Dam, Mississippi
Flow Duration - 23 hr
Max Depth – 5.1 feet
Spillway Width – 100 feet
~190,000 CY Eroded



~190,000 CY Eroded



~190,000 CY Eroded



RESERVOIR SEDIMENTATION

90’±

23,750 Dump Trucks

(Assumes 8cy per load)



LaMoure Dam, ND
(2009 Flood)



























No known fatalities from
spillway breaching



Sugar Creek Dam L-44, Caddo County Oklahoma
Tropical Depression Erin (Aug. 18-19, 2007)
>8” in less than 12 hours











Photo Courtesy of 
Ed Fiegle

Flow



Photo Courtesy of 
Darrel Temple



Mills Creek Dam, VA



MAJOR DISCONTINUITY

Major discontinuities 
concentrate the flow 
where there is no 
vegetal cover and/or 
the surface is 
disturbed.

Twin Caney Site 17-3 Kansan (1986)

Spillway Crest









Local Scour









SURFACE DISCONTINUITIES



Slide Courtesy of Gregg Huddock, Golder Associates





Spillway Erosion Assessment











Souhegan 15



Souhegan 15, NH







TP 
201

TP 
303

TP 
304















South Fork 17, WV



South Branch Potomac 17

Bedrock Dipping
Towards Dam





Flow

Flow



Flow





Flow



Headwaters Soil and Water Conservation District
Lord Fairfax Soil and Water Conservation District

White Oak Dam Date:  June 27, 1995
Event: 24” Rain in 18 Hrs
Maximum Head: 10 Feet
Max. Discharge: 7,000 cfs

White Oak Dam
Location:  Madison County, VA 
Dam Height: 63 Feet
Spillway Width: 75 Feet





Headwaters Soil and Water Conservation District
Lord Fairfax Soil and Water Conservation District

White Oak DamWhite Oak Dam
Eroded: 10,500 C.Y.
Headcut Depth: 40 Feet
Headcut Length: 400 Feet







Auxiliary Spillway Discharge Channel 
Before Activation of Spillway

Photo Courtesy of Thomas I Roberts, VADCR



Auxiliary Spillway Discharge Channel 
After Activation of Spillway

Before

Photo Courtesy of Thomas I Roberts, VADCR



Sugar Creek Dam L-44, Caddo County Oklahoma
Tropical Depression Erin (Aug. 18-19, 2007)
>8” in less than 12 hours











Photo Courtesy of 
Ed Fiegle

Flow



Photo Courtesy of 
Darrel Temple



El Guapo Dam, Venezuela
Failed December 16, 1999



El Guapo Dam, Venezuela
Failed December 16, 1999



El Guapo Dam, Venezuela
Failed December 16, 1999



El Guapo Dam, Venezuela
Failed December 16, 1999



El Guapo Dam, Venezuela
Failed December 16, 1999



Break
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