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Before we begin… let’s play a little trivia!



What 
state 

has the 
most 

dams?



What 
state 

has the 
most 

dams?
#1 Texas (7,384)
#2 Kansas (6,427)
#3 Mississippi (6,093)
#4 Georgia (5,416)
#5 Missouri (5,400)



What 
state 

has the 
fewest 

number 
of 

dams?



What 
state 

has the 
fewest 

number 
of 

dams? #50 Delaware (83)
#49 Alaska (111)
#48 Hawaii (127)
#47 Rhode Island (235)
#46 Vermont (371)



What state 
produces the 

most 
hydropower?



What state 
produces the 

most 
hydropower?

#1 Washington
#2 Oregon
#3 New York
#4 California
#5 Montana



What was the 
original name 

of Hoover 
Dam?



What was the 
original name 

of Hoover 
Dam?

Boulder 
Dam



What is the 
largest 

hydropower 
producing 
dam in the 

United 
States?



What is the 
largest 

hydropower 
producing 
dam in the 

United 
States?

#1 Grand Coulee (6,180 MW; Columbia)
#2 Chief Joseph (2,620 MW; Columbia)
#3 Niagara Falls (2,515 MW; Niagara)
#4 Hoover Dam (2,080 MW; Colorado)



What year 
was the 

oldest dam in 
the United 

States 
completed?



1640

What year 
was the 

oldest dam in 
the United 

States 
completed?
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LET’S BEGIN…



Dams – The Big Picture
Previous Dam Failures
How and for what are dams analyzed?
Basic Concrete Dam Failure Modes
Analysis Options
Examples
A few last things
Questions
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LOW HAZARD 
POTENTIAL

SIGNIFICANT 
HAZARD 

POTENTIAL

HIGH HAZARD 
POTENTIAL

DAM HAZARD 
POTENTIAL 

CLASSIFICATION

None Expected None Expected ProbableLOSS OF HUMAN LIFE

Low and generally limited 
to owner Yes Yes (but not necessary for 

this classification)ECONOMIC LOSSES

Low and generally limited 
to owner Yes Yes (but not necessary for 

this classification)
ENVIRONMENTAL 
DAMAGES

No Yes Yes (but not necessary for 
this classification)

LIFELINE INTERESTS 
IMPACTED

Adapted from the National Inventory of Dams

https://damsafety.org/sites/default/files/FEMA%20Federal%20Guidelines%20HazPotential%20333_04.pdf

https://damsafety.org/sites/default/files/FEMA%20Federal%20Guidelines%20HazPotential%20333_04.pdf
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http://nid.usace.army.mil
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DAMS: THE BIG PICTURE

http://nid.usace.army.mil
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DAMS: THE BIG PICTURE

Concrete
7%

Embankment
87%

Other
6%

http://nid.usace.army.mil



DAMS: THE BIG PICTURE

https://nid.sec.usace.army.mil/#/documentsANATOMY OF A DAM
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PREVIOUS DAM FAILURES: ST. FRANCIS

https://www.smithsonianmag.com/history/occasions-i-envy-dead-st-francis-dam-disaster-180954543/
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Location: California
Completed: 1926
Failure: March 12, 1928
Deaths: 470

 Designed with no oversight
 Exempt from 1917 Dam Safety

PREVIOUS DAM 
FAILURES: 
ST. FRANCIS

Nuss, 2015
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PREVIOUS DAM 
FAILURES: 
ST. FRANCIS

Nuss, 2015

• Left abutment unknowingly 
constructed on massive mega-
paleo-landslide. 

• Uplift pressure led to movement 
causing foundation failure and 
imminent dam failure.
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Outcomes:
 Comprehensive oversight by the 

California Division of Dam Safety
 Required Professional 

Engineering Licensing
 Independent peer review of new 

designs including Geologic 
assessments 

 All Federal and California dams 
higher than 50 feet were 
reviewed

Significant drop in concrete dam 
failures after 1929

PREVIOUS DAM 
FAILURES: 
ST. FRANCIS

https://damfailures.org/case-study/st-francis-dam-california-1928/



THE TRAGEDY OF VAJONT

THERE ARE 
THOUSANDS 

DEAD
IT WAS A 

MASSACRE 
THAT COULD 
HAVE BEEN 
AVOIDED

https://www.giornalistitalia.it/vajont-la-tragedia-annunciata-da-tina-merlin/
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Location: Italy
Completed: 1960
Failure: October 9, 1963
Deaths: 2,600

• Massive upstream landslide 
caused overtopping. 

• Dam did not fail.

PREVIOUS DAM 
FAILURES: 
VAJONT

https://damfailures.org/case-study/vajont-dam-italy-1963/

https://en.wikipedia.org/wiki/Vajont_Dam/
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• Volume of slide more than twice volume of 
reservoir. Landslide was 400 times larger than 
previous landslide. 

• Risks due to scale and magnitude of landslide 
not recognized. 

• Hazards can exist, even if a structure is 
considered safe and does not fail.

• 1.2 mile landslide

PREVIOUS DAM 
FAILURES: 
VAJONT

Nuss, 2015
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“Any damsite investigation should 
include a detailed study of the 
proposed reservoir slopes. If old slides 
or areas susceptible to sliding are 
identified, a detailed evaluation of 
their relative stability under reservoir 
conditions should be required. The 
lesson afforded by (Vajont) need not 
be relearned by another generation.” 
– Hendron and Patton, 1986

PREVIOUS DAM 
FAILURES: 
VAJONT

https://www.geotech.hr/en/vajont-a-tragedy-that-killed-more-than-2000-people/



421 Dead after Dam Bursts

MALPASSET DAM BURSTS
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Location: France
Completed: 1954
Failure: December 2, 1959
Deaths: 421

• Left abutment failed due to 
increased uplift pressures.

PREVIOUS DAM 
FAILURES: 
MALPASSET

https://doi.org/10.1016/j.jrmge.2013.07.004 

https://doi.org/10.1016/j.jrmge.2013.07.004
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• Double-curvature arch structure 
spanned the Reyran River. 

• At time of completion in 1954, 
thinnest arch dam of its height 
(218 feet) with a maximum 
thickness of 22.2 feet. 

• Designed by Andre Coyne with 
the primary goal of optimizing its 
shape and thinning its structure. 

• Little effort devoted to 
analyzing the geology of the 
foundation.

PREVIOUS DAM 
FAILURES: 
MALPASSET

https://doi.org/10.1144/qjegh2018-186

https://doi.org/10.1144/qjegh2018-186
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• Foundation deficiencies and 
human oversight led to the 
instability issues at 
the Malpasset Dam. 

• Fault discovered downstream of 
the dam.

• Foliation pattern of the 
foundation led to increased 
uplift as dam was loaded.

• Uplift pressure at left abutment 
dislodged the thrust block. 

• Failure of abutment led to the 
ultimate failure of dam.

PREVIOUS DAM 
FAILURES: 
MALPASSET

https://en.wikipedia.org/wiki/Malpasset_Dam
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Federal Energy Regulatory Commission United States Army Corps of Engineers

HOW AND FOR WHAT ARE DAMS ANALYZED?

United States Bureau of Reclamation
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HOW AND FOR WHAT ARE DAMS ANALYZED?

GRAVITY

GATES OR 
APPURTENANT 
STRUCTURES

ICE PRESSURE

EARTHQUAKE

SILT PRESSURE

TEMPERATURE
EXTERNAL 

WATER 
PRESSURE

INTERNAL 
WATER 

PRESSURETYPICAL 
LOADS 
ON A 
DAM
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Usual Load 
Combination
• Gravity
• Reservoir
• Tailwater
• Sediment
• Uplift

HOW AND FOR 
WHAT ARE DAMS 
ANALYZED?
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Unusual Load 
Combination
• Gravity
• Reservoir - Flood
• Tailwater
• Sediment
• Uplift

HOW AND FOR 
WHAT ARE DAMS 
ANALYZED?
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Extreme Load 
Combination
• Gravity
• Reservoir
• Tailwater
• Sediment
• Uplift
• Reservoir added mass
• Earthquake

HOW AND FOR 
WHAT ARE DAMS 
ANALYZED?
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Post-Earthquake 
Combination
• Gravity
• Reservoir
• Tailwater
• Sediment
• Uplift

HOW AND FOR 
WHAT ARE DAMS 
ANALYZED?
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BASIC CONCRETE DAM FAILURE MODES

COMPUTED STRESSES < ALLOWABLE STRENGTH

OVERSTRESSING

SLIDING FACTOR OF SAFETY

ROTATIONAL AND 
SLIDING STABILITY
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BASIC CONCRETE DAM FAILURE MODES

DEVELOPING A FAILURE MODE

INITIATING EVENT

PROGRESSION

FAILURE
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BASIC CONCRETE DAM FAILURE MODES

DAM INTERNAL INSTABILITY (OVERSTRESSING)
 Hydrologic event up to and including the PMF event occurs. 

 Inflows into the reservoir are greater than the outflow capacity 
causing an increase in the reservoir level.

 Higher reservoir level results in increased load on the dam 
which cause an increase in the stresses in the dam.

 Increased stresses are greater than the capacity of the concrete, 
resulting in crack development.

 Uplift develops within crack, resulting in crack propagation.

 Driving force is greater than the capacity resulting in instability 
along the cracked section causing breach and uncontrolled 
release of the reservoir. 
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BASIC CONCRETE DAM FAILURE MODES

DAM EXTERNAL INSTABILITY

 Hydrologic event up to and including the PMF event occurs. 

 Inflows into the reservoir are greater than the outflow capacity 
causing an increase in the reservoir level.

 Higher reservoir level results in increased load on the dam 
which cause separation along the dam/foundation interface.

 Separation along the interface at the upstream heel results in 
an increase in the uplift pressure.

 Driving force along the interface is greater than the capacity, 
and results in instability along the interface causing breach and 
uncontrolled release of the reservoir. 
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BASIC CONCRETE DAM FAILURE MODES

DAM OVERTOPPING

 Hydrologic event up to and including the PMF event occurs. 

 Inflows into the reservoir are greater than the outflow capacity 
causing an increase in the reservoir level.

 Higher reservoir level overtops crest of dam and overtopping 
jet impacts downstream foundation rock.

 Streampower from overtopping jet is greater than erodibility 
index of the rock abutments, resulting in scour. 

 Rock scour progresses beneath the dam, resulting in reduced 
shear capacity. 

 Driving force is greater than the capacity, and results in 
instability and uncontrolled release of the reservoir. 
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UNDERSTANDING OF
HOW THE DAM

FUNCTIONS AND
COULD FAIL

RESULTS HELP DEVELOP
DAM SAFETY PROGRAM

LEARN INTIMATE
DETAILS OF THE DAM

IDENTIFY KNOWLEDGE
GAPS AND MISSING

ANALYSES

OPERATION AND
MAINTENANCE

SURVEILLANCE AND
MONITORING

BASIC CONCRETE DAM FAILURE MODES

BENEFITS OF THE PFMA PROCESS
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DEFINES WHAT NEEDS TO BE
MONITORED

PERFORMANCE PARAMETERS RISK REDUCTION MEASURES IDENTIFY UNKNOWN FLAWS

SURVEILLANCE AND MONITORING

BASIC CONCRETE DAM FAILURE MODES
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What PFMs are required to 
provide a full understanding 

of all the threats to the 
safety of my project?

BASIC CONCRETE DAM FAILURE MODES
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ANALYSIS OPTIONS
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ANALYSIS OPTIONS
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EXAMPLE #3
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Questions & Answers



THANK YOU!
Aimee Corn, PE
Project Structural Engineer
acorn@gfnet.com
(720) 439-4422
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References for Related Content

• ASDSO Glossary of Terms: https://damfailures.org/glossary/
• Dam Failures: https://damfailures.org/
• Dam Toolbox: https://damtoolbox.org/wiki/Main_Page
• National Inventory of Dams: https://nid.sec.usace.army.mil/#/
• Lessons Learned from Concrete Dam Failures since St. Francis Dam, Nuss and Hansen, USSD, 2014
• Failure of Sella Zerbino Secondary Dam in Molare, Italy, Alvi, Irfan A.
• Case Study: Vajont Dam (Italy, 1963), Mauney. https://damfailures.org/case-study/vajont-dam-italy-1963/
• Malpasset Dam Failure: https://www.youtube.com/watch?v=DKg8aPcj-64&ab_channel=BritishMovietone
• The Traps Behind The Failure Of Malpasset Arch Dam, France, in 1959
• Duffaut, P. Journal of Rock Mechanics and Geotechnical Engineering Vol. 5, Issue 5, October 2013, Pgs. 335-341
• Geology, Engineering and Humanities: three sciences behind the Malpasset dam failure (France, 2 December 1959)
• Duffaut, P. et al. Quarterly Journal of Engineering Geology and Hydrogeology (2019), 52 (4): 445 

https://doi.org/10.1144/qjegh2018-186

https://damfailures.org/glossary/
https://damfailures.org/
https://damtoolbox.org/wiki/Main_Page
https://nid.sec.usace.army.mil/#/
https://damfailures.org/case-study/vajont-dam-italy-1963/
https://www.youtube.com/watch?v=DKg8aPcj-64&ab_channel=BritishMovietone
https://doi.org/10.1144/qjegh2018-186
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References for Related Content

• https://damfailures.org/case-study/malpasset-dam-france-1959/
• https://www.usbr.gov/history/HistoryofLargeDams/LargeFederalDams.pdf

https://damfailures.org/case-study/malpasset-dam-france-1959/
https://www.usbr.gov/history/HistoryofLargeDams/LargeFederalDams.pdf
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