


Some of us learn from other 
people’s mistakes, and the rest of 
us have to be the other people.

Zig Ziglar



http://damfailures.org

~ 650 Case Studies

~ 200 Lessons Learned



Visit: www.Damfailures.org



Need to Convey Lessons Learned
Recent Dam Incidents …..

Mt. Polley Tailings Dam – Canada Ivanovo Dam – Bulgaria (8 fatalities)

King No. 1 Dam – Wyoming Donnaconna Dam – Quebec

Wanapum Dam – Washington



Tampa Bay Reservoir, FL (2007)

Constructed 2004 ….



Silver Lake Dam Failure, MI (2003)

Rehabilitated 2001 ….



Lake Hadlock Dam, NY (2005)

Rehabilitated 2005 ….



Kingstowne Park Dam, DC (2010)



Hope Mills Dam , NC (2010)



Camara Dam, Brazil (2004)
7 Fatalities



In October 2015, 
South Carolina 
received record 
amounts of rainfall 
which caused a 
1000-year flood 
throughout much of 
the state. During this 
flood event, 
emergency orders 
were issued to many 
dams throughout 
the state, and 36 
dams have been 
reported to have 
failed, 4 of which 
were unregulated. 

>52



2017



2017
• 100,000 homes damaged
• 15,000 totally submerged
• 70 fatalities



2017



Average Age is Over 50 Years



“Analysis of more than 1,100 dam failures and safety 
related incidents indicates that ….approximately half of 
failures occur after 50 years of operation.”

“An extended period of apparently successful 
operation does not indicate an equally successful 
operation in the future.”

(Patrick Regan - FERC, USSD 2009)
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Reports that say that 
something hasn't happened 
are always interesting to me, 
because as we know, there are 
known knowns; there are 
things we know we know. We 
also know there are known 
unknowns; that is to say we 
know there are some things we 
do not know. But there are also 
unknown unknowns – the ones 
we don't know we don't know. 
And if one looks throughout 
the history of our country and 
other free countries, it is the 
latter category that tend to be 
the difficult ones.
Donald Rumsfeld, Feb. 12 2012

Unknown knowns?



“… Lessons to be Learned –At this time, the IFT shares three higher-level lessons 
that have been identified so far:

1. Physical inspections, while necessary, are not sufficient to identify risks and 
manage safety. At Oroville Dam, more frequent physical inspections would not 
likely have uncovered the issues which led to the spillway incident.

2. Comprehensive periodic reviews of original design and construction, taking into 
account comparison with the current state of the practice, are needed for all 
components of dam projects. 

3. Compliance with regulatory requirements is not sufficient to manage dam 
owners’ and public risk…”

Oroville Dam 
Forensic Report

Occurred after 50 years 
of operation…



US Deaths From Dam Failures
Dam Failure
South Fork, PA (1889). . . . . . . . . . 
New Orleans Levees (2005) . . . . .
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) . . . . . . . . 
Lower Otay, CA (1916)  . . . . . . . . . 
Teton, ID (1976) . . . . . . . . . . . . . . .
Swift, MT (1964) . . . . . . . . . . . . . . .
Ka Loko, HI (2006) . . . . . . . . . . . . . 
Baldwin Hills, CA (1963)  . . . . . . . .

Lives Lost
2,209
1,833
450
150
143
125
80
40
39
33
30
14
19
8
5
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Fundamental Causes Percentage



Fundamental Causes
Sabotage  . . . . . . . . . . . . . . . . . . . .
Earthquake Instability . . . . . . . . . . .
Faulty Construction  . . . . . . . . . . . .
Gate Failure . . . . . . . . . . . . . . . . . .
Sliding . . . . . . . . . . . . . . . . . . . . . . .
Deformation . . . . . . . . . . . . . . . . . . 
Spillway Erosion/Breach  . . . . . . . .
Overtopping . . . . . . . . . . . . . . . . . . 
Seepage/Piping . . . . . . . . . . . . . . .

Percentage
0
1
2
2

10
11
14
25
35

75%

Source: NRC, Safety of Existing Dams, 1983
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No. U.S. Dam Failures by Decade 
(through March 2013)

ASDSO; M. Ogden
www.damsafety.org

Hurricane Floyd
Sept 1999



Lessons Learned from 
Dam Overtopping and Breach Failures

Photo Courtesy of USDA NRCS

9:45-10:45 AM



Lessons Learned from 
Embankment Dam Seepage Failures

Photo Courtesy of USDA NRCS

9:15-10:00 AM
11:00-12:00 AM



Lunch Time (12:00-12:45 AM)

12:15-1:00 PM
Unleased Terror – Dam Breaks

2006 Kaloko Dam Failure

Over, Under Gone,
The Killer in our Midst



Lessons Learned from 
Spillway Erosion Failures

12:45-1:45 PM



Remnants of 
Austin Dam, PA

Lessons Learned from 
Concrete Dam Failures 

2:00-3:00 PM



Public Safety Around Dams –
An Emerging Crisis

3:15-3:45 PM



“Dam safety-related employers 
indicated a short-term need for 
almost 260 engineers and estimated 
a need for about 760 engineers for 
dam safety work over the next ten 
years as a result of projected 
attrition in the profession.”

Information and images courtesy of Sarah McCubbin-Cain and Bruce Tschantz

Need to Convey Lessons Learned
Train New Engineers



Need to Convey Lessons Learned
Educate Practicing Engineers & Regulators



King No. 1 Dam – Wyoming – July 2014

Need to Convey Lessons Learned
Share Performance Information
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1700 B.C.

~ ~
1900 1950 2000



1700 B.C.

~ ~
1900 1950 2000

Source: http://www.jaha.org 

South Fork Dam, Johnstown, PA

Source: http://www.jaha.org 

(2,209 lives lost)

X
1889



1700 B.C.

~ ~
1900 1950 2000

Source: http://www.jaha.org 

X X
1911

Austin Dam, Austin, PA
(79 Fatalities)

1913 Pennsylvania first state to enact 
dam safety legislation



1700 B.C.

~ ~
1900 1950 2000

X
1928

St. Francis Dam, CA
(450 Fatalities)

California Division 
of Safety of Dams 
Created

1929



1700 B.C.

~ ~
1900 1950 2000

1972

Canyon Lake Dam, SD
July 12, 1972

X

Near PMP 
Rainfalls 

PA, NY & SD



1700 B.C.

~ ~
1900 1950 2000

1972
X

National Dam Safety Inspection Act, PL 92-367
• Dams >25’ high or impounded more than 50-acre-feet
• Dams < 6’ high or storing < 15 acre-feet were excluded
• Congress charged USACE

• Inventory all dams
• Review inspections
• Recommend comprehensive national program



1700 B.C.

~ ~
1900 1950 2000

1976
X

Failure of Teton Dam
14 fatalities, >1 Billion Damage

X

Failure of Kelly Barnes Dam, 1977 – Georgia (39 Dead)

1977



1700 B.C.

~ ~
1900 1950 2000

1972
X

“Based on Professional Consensus”

PA CA

National Dam Safety Act
2012
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Source: National Inventory of Dams





Federally Owned or Regulated Dams

27,252 Dams (11,900 NID)

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
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□ = high-hazard potential □ = significant-hazard potential □ = low-hazard potential 

State-Regulated Dams According to Hazard Potential 



~11,000 State-Regulated High Hazard Dams



New Creek Site 1, WV, 1957







Patterson 
Creek Site 1

1991



Patterson 
Creek Site 1

1991



Patterson 
Creek Site 1

2003



2007

Patterson 
Creek Site 1





2002
Berkeley Lake Dam, GA



2017



Refers to a dam originally constructed 
and operated as low or significant 
hazard that is now reclassified as high 
hazard due to new downstream 
development. Such dams often do 
not meet design and maintenance 
requirements for high hazard dams 
and must be improved or removed. 

Hazard Creep



North Dakota Dam Hazard Assessments



2014



2014



2015



2014



2014



2014



2015



Ka Loko Dam Failure
Low Hazard Dam?

Ka Loko Reservoir



Kaloko Dam Failure

• Capacity of 1200 ac-ft
• Classified as “Low Hazard”

http://upload.wikimedia.org/wikipedia/en/d/d2/Kaloko_breach.jpg
http://upload.wikimedia.org/wikipedia/en/d/d2/Kaloko_breach.jpg


• November 1997 Kauai 
DPW discovers grading 
of the area adjacent to 
the dam

• No requests for permits 
had been filed

• Notice of Violation sent 
to the owner issuing a 
stop work order 

Before



After



No O&M Manual 
No Formal Inspections …
Little Maintenance … 
Unintended Modification ..
No enforcement …







Pohick Dam No. 4, VA









Risk Informed Decision Making

ER 1110-2-1156  provides guidelines for 
assessing tolerable risk

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




Loading 
Condition

Flaw Exists

Initiation

Continuation

Progression

Detection and 
Intervention

Failure

Failure Mode 
Sequence of 

Events or 
“Event Tree”



The Future …



Hearthstone Lake, August County, VA

Public Safety Around Dams …





Timber Crib Dam







Sunbury Inflatable (Bridgestone) Dam, PA



Bridgestone Rubber Dam



Sunbury Dam - Fully Inflated

Sunbury Dam - Fully Deflated



Tempe Lake Inflatable (Bridgestone) Dam, AZ



Tempe Lake Inflatable (Bridgestone) Dam, AZ



Obermeyer Hydro Gates



Granite Reef (Obermeyer) Dam, AZ



21.3 Feet





FUNCTIONING OF THE FUSEGATES

A simple concept…

Free-standing blocks, so called 
Fusegates, are installed 
side by side across the spillway 
sill…

… in such a way that they form
a watertight barrier.



Photo courtesy of David Ball, P. Eng, Newfoundland Power

Rattling Lake Spillway, Newfoundland



Photo courtesy of David Ball, P. Eng, Newfoundland Power

Rattling Lake Spillway, Newfoundland



Soil-Cement Construction for Dams

• Extra slides

Soil-Cement



Articulating-Concrete Blocks (ACBs)



Liner Crew

High-Performance Synthetic Liners & Geotextiles 



SOIL MIXING ALTERNATIVE

Step 2b: Soil Mixing 
Cutoff









One Pass Trench (OPT)





Spillway Erosion Assessment



Need For Emergency Planning



Inundation Maps and Reports



2D Flow Modelling



LiDAR Terrain Data



LiDAR Terrain Data Coverage as of 2015



3D (CFD) Modeling



3D Modeling Limited to Small Detailed Studies 









Drone Inspection of Mill Creek Dam, PA



Organizations have no 
memory, only people have 
memories, and they move 
on.



15 Minute Break
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