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What Are Dam Failure Consequences?

• Life Loss
• Economic Loss
• Environmental Damage
• Cultural Resources Impacts
• Archeological and Historic Resources Damage
• Other Losses



Why do we estimate life loss consequences

• Dam safety risk-based 
management 

• Can also be used to aid in 
emergency planning 
activities



Public Protection

• Responsibility of dam owner/operator – as dam safety professionals, we 
have an obligation to manage and operate dams in  safe manner and to 
keep dams safe

• Safety standards should be within tolerable levels as dictated by society

• Societal risk – tolerance of society to dam failures. Thresholds are used 
to reflect the notion that society is increasingly averse to single high 
consequence events



Risk-based management

• Allows for prioritization
• Can provide consistency in dam safety management approaches
• Helps to identify problems
• Can help to facilitate corrective action when necessary



Two parts of the risk equation

• Annualized Failure Probability 
(Individual Risk)

• Annualized Life Loss (Societal 
Risk)



Commonly Used Life Loss Estimation 
Methods

Empirical:

• DSO-99-06 
(Reclamation)

• RCEM (Reclamation)

Simulation:

• LifeSim (USACE)

• Life Safety Model 
(B.C. Hydro)



What do all life loss models/methods have 
in common?
• Hydraulic modeling results are an input
• Assumptions are made concerning potential failure modes and breach 

parameters
• Intensity of flooding and warning time are the two main factors 

influencing fatality rates
• Flooding intensity is typically quantified by DV (the product of depth and 

velocity) and depth alone
• Warning time is complex – assumptions regarding downstream PAR 

include - timing of warning issuance, receipt of warning, decisions to 
evacuate and the effectiveness of evacuation effort



Life loss should be estimated as a range 
• There are a high degree of 

uncertainty in life loss 
estimates

• Typically, life loss is estimated 
as a range of values

• A middle value or best 
estimate can be obtained from 
the range



Empirical vs. Simulation Models
Empirical:

• Groups of PAR evaluated in 
aggregate

• Fatality rates ranges based on 
case histories

• Relevant parameters are 
warning time and the intensity 
of flooding

• Warning assumptions portrayed 
as a weighting

Simulation:

• Tracks movement of people and 
movement of water

• Each individual or defined 
group is evaluated separately 

• Fatalities estimates based on 
stability threshold exceedance 



Empirical – Advantages/Disadvantages

Advantages
• Simple, easy to use
• Easy to incorporate a team 

approach to assumptions
• Can create consistency of 

consequences estimates within a 
portfolio of dams

Disadvantages
• Not suited to simulating life loss for 

large urban populations where 
traffic congestion affects the ability 
to evacuate

• Case history data does not contain 
much data for large urban 
populations



RCEM Analysis – more simplified



Simulation Models – for complex urban 
environments



Case histories – important background data and 
information – provides a basis for consequences 
estimation

Baldwin Hills Dam Collapse, 
Dec 1963



St. Francis Dam (March 12, 1928)

• Concrete gravity-arch dam, 
57 m (188 ft) high, located 
about 37 miles N-NW from 
downtown Los Angeles

• About 46,854,000 m3 (38,000 
acre-ft) storage at time of 
failure

• Dam failed at first filling, 
during a period of heavy 
rainfall



St. Francis Dam (March 12, 1928)

• Dam failed at midnight
• No warning for upstream, 

populated areas
• Peak breach discharge 

estimated to have been 
greater than 36,800 cms (1.3 
million ft3/s)

• Reservoir was drained in 
about 1:10



St. Francis Dam (March 12, 1928)

Total Estimated Fatalities was 420, 
although the current death toll is 
estimated by some to be more  than 
600 victims

A state commission reported that 
the dam failed because it was 
poorly constructed and located on a 
geologically unstable site.

The failure prompted the State 
Legislature to create the California 
Dam Safety Program on August 14, 
1929



Machhu II Dam – Failed August 11, 
1979

• 26 m (85-foot) 
high composite 
dam with 
concrete center 
section and 
embankment 
wings

• Overtopping 
failure due to 
near-PMF 
inflows, spillway 
was 
underdesigned



Machhu II Dam



Machhu II Dam
• Affected PAR, roughly 

100,000
• Day time failure (2:15 

pm), no warning at 
Morbi

• Some warning issued 
for spillway release 
evacuations prior to 
breach

• Personnel at the dam 
knew it would fail, 
but communications 
and access to dam 
was shut down due to 
storm



Machhu II Dam
• No official recognition 

that the dam had 
failed until evening.

• Maximum flooding 
depths generally 3 to 
9 m (10 to 30 feet)

• Many buildings 
collapsed and many 
died while attempting 
to take refuge in or on 
top of structures

• Approximately 10,000 
fatalities



Teton Dam Disaster – June 5, 1976
• The dam was located on the 

Teton River, about three 
miles northeast of the town 
of Newdale, Idaho

• Teton Dam - central-core, 
zoned embankment dam 
with a 93 m (305 foot) 
structural height (not 
including 100 feet of 
additional foundation 
excavation), and contained 
310,346,100 m3 (251,700 
acre-feet) of storage at the 
time of failure. 



Teton Dam Disaster
• Dam failed during first 

filling

• The cause of failure was 
internal erosion of the 
core of the dam, initiated 
within the foundation key 
trench. 



Teton Dam Failure - Chronology of events
• Seepage along the right abutment 

was noticed in early morning, 
June 5

• At about 10:30 am a large leak 
appeared on the downstream 
face of the embankment

• Initial notifications were made 
and an attempts were made to 
seal the leak

• At 11:00 am, a vortex appeared 
in the reservoir and additional 
notifications are issued

• 11:57 a.m. The top of the dam 
collapsed, and the reservoir was 
breached. 



Failure of Teton Dam



Factors contributing to effective warning and 
evacuation

• Daytime
• Weekend – many were with their 

families rather than being 
dispersed (at work, at school)

• Breaching of the dam was not 
immediate

• Good weather
• Flooding traveled across sparsely 

populated areas before reaching 
towns where many people were 
located



Factors contributing to effective warning and 
evacuation

• Radio broadcast 
(announcer saw dam 
failure) issues strong and 
convincing warning

• Civil defense flight –
checked out upstream 
conditions and issued a 
strong warning

• Sirens were used but their 
contribution is uncertain

• Word of mouth played a 
major role

• Mormon Church – a close 
knit community



11 Fatalities – 6 direct and 5 indirect

• 1 drowning in Teton Canyon
• 5 drownings in Wilford
• All other fatalities were 

“indirect” and likely due to 
stress related to the event and 
the evacuation



How bad could it have been at night?
An RCEM analysis based on two-dimensional hydraulic modeling, 

estimated a range of 80 to 520 fatalities

USGS NED 10-m elevation data

Approx. breach outflow 
hydrograph based on post-
flood survey



Brumadinho Tailings Dam - January 25, 2019
• Dam was 86-m high with a crest 

length of 700 m and storage volume 
of approximately 12 million m3, 
located 9 km north-east of the town 
of Brumadinho in the state of Minas 
Gerais in Brazil

• The Brazilian Institute of Water 
Management of Mines and the 
National Mining Agency had 
evaluated and classified the dam’s 
probability of failure as being “low”



Brumadinho Tailings Dam - January 25, 2019

• Failure occurred at 12:28 pm local 
time on 25 January 2019

• The failure extended across much 
of the face of the dam and its 
collapse was complete in less than 
10 seconds. 

• The cause of failure was static 
liquefaction

• The approx.10 million m3 of tailings 
material flowed out of Brumadinho
tailings dam within about five 
minutes



Brumadinho Tailings Dam Failure



Brumadinho Tailings Dam - January 25, 2019
• HR Wallingford performed a 

hydraulic re-creation and life loss 
estimate with Life Safety Model

• PAR estimated to have been 502
• There were 270 fatalities 

officially, but could have been up 
to 310, most were mine 
employees

• 54% to 62% fatality rate



Brumadinho Dam - January 25, 2019
• Anecdotal evidence to suggests that 

mudflow arrived at the Paraopeba
River, 10 km downstream in 1.5 to 2 
hours

• People in the villages further 
downstream became aware of the 
disaster without official warning 
and many of them escaped the 
mudflow. There is some indication 
from news reports that between 5 
and 20 deaths occurred at Parque 
da Cocheira village where 66 
buildings were destroyed.



Seismic Failure – high consequences potential, 
not a lot of case history data (fortunately!) 

• Lower San Fernando Dam 
• 43-m (142 ft) earthfill dam
• Large earthquake on Feb. 9, 

1971
• Reservoir level at 7.6 m (25 ft) 

below spwy crest
• 80,000 people evacuated



Seismic Failure 
• Fujinuma Dam, Japan
• 61 ft (18.5 m) embankment 

dam,1,504,000 m3 (1,219 acre⋅
ft) storage

• Failed as a result of the 
Tohoku earthquake on March 
11, 2011

• Five houses washed away and 
at least 4 fatalities



Seismic Failure 
• Haldon Dam, New Zealand, 2013
• 15-m (49 ft) high, 250,000 cubic 

metre (200 acre-ft) storage 
capacity

• Multiple, large magnitude 
earthquakes in 2013

• Medium Potential Impact 
Category (PIC) 

• Irrigation dam located on 
Starborough Creek approximately 
10 km south-west of Seddon, in 
the Awatere Valley, New Zealand



Cleveland Dam - Accidental Release, Oct 1, 2020

• 91-m (298 ft) concrete dam 
with spillway on downstream 
face

• Spillway gate accidently 
opened during maintenance 

• Large Release 400 m3/s for 
over 45 min

• Downstream area very popular 
for recreation

• Emergency sirens not 
activated

• 1 fatality



International Dam Failure Consequences Working 
Group

Participants include:
• TU Delft, Netherlands
• Deltares, Netherlands
• HR Wallingford, UK
• BC Hydro Canada
• Ontario Power Generation, Canada
• HARC Consultants, Australia
• US Army Corps of Engineers
• Tennessee Valley Authority, USA
• FERC, USA
• FEMA, USA
• Bureau of Reclamation, USA

https://www.eventbrite.com/e/2020-dam-failure-life-loss-
consequence-workshop-tickets-
70952808761?utm_campaign=lifeloss&utm_medium=ces&utm
_source=gdmmrnr

https://www.eventbrite.com/e/2020-dam-failure-life-loss-consequence-workshop-tickets-70952808761?utm_campaign=lifeloss&utm_medium=ces&utm_source=gdmmrnr
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