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History of US dam failures

South Fork 1889
Walnut Grove 1890
St. Francis 1928
Mill River 1865
Baldwin Hills 1963
Canyon Lake 1972
Buffalo Creek (tailings) 1972

Teton 1976
Kelly Barnes 1977
Laurel Run 1977
Lawn Lake 1982
Big Bay 2004

Taum Sauk 2008

Overtopping
Overtopping
Geological defect
Overtopping (?)
Earthquake
Overtopping
Structural
Piping
Structural
Overtopping
Piping

Piping
Overtopping
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Frequency of dam failure

Failure rate - 1 / 10,000 dam-years
US failures - 5 - 10 failures per year
Accident rate - 2 x failure rate

The Water Collaborative at Maryland
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Taum Sauk pump-storage project
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Frequencies of failure

-TABLE 1. Failure Rates of DVanmin the Uwited Stae and Wordwide

Total: Period. Rate
Area Refeec Failures Dams* yWs (dam year)-

United States GnW11963. 3 19671 33 1764 40 5 x 10-

Ra~bb eud Mennel 981
pod-19. dams 12 3100 14 3 x lo--0

USCOLD 119751 74 4914 23 7 x 10-4
U.S. Bola' vof Reclamation

[Mfark and Staw-Alexmuder. I 4W0t .2 x 1~-4
World 19771 125 7500 40 4 x 10-4

Mlddebrook, 119531
IMarked at., 1977) 9 7833 6 2 x 10-4

Japan Takawe [1967] 1046 2x 106 15 4 x 10--
Spain Gnarw 19671 150 1620 145 6x 10-4

"Approximte.
tDam yeas

The WaterOtCOllabratiVe at Maryland
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Frequencies of failure
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Frequencies:of failure.
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Frequencies of failure
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PRA for dams

1. Dam inventory
2. Modes of failure
3. Actors, owners, & regluators
4. Risk and reliability analysis
5. Downstream consequences
6. Tolerable risk

The Water Collaborativeat Marylad•



Recent efforts related to PRA of dams

Risk studies and programs
US Bureau or Reclamation risk cadre
ANCOLD dam safety standard
ICOLD dam safety risk guidance
Dutch Delta Commission
USACE dam and levee safety program

Systems .risk analysis studies
Interagency Performance Evaluation Taskforce (IPET)
Delta Risk Management Study (DRMS)

The Water Collaborative at Maryland ,.



Recent efforts relatedt, to-PRA of dams

Risk screening efforts
USACE Portfolio Risk Assessment
FE.MA Risk Prioritization Tool for Dams
Ontario MNR Risk Screening Tool

Agency interest
USACE, USBR, FEMA, FERC, TVA, NRCS
New Principles & Standards (CEQ)

te.i Water Collaborative at Maryland



Ontario Dam Safety Management Plan
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PRA for dams

1. Dam inventory
2. Modes of failure
3. Actors, owners, & regulators
4. Risk and reliability analysis
5. Downstream consequences
6. Tolerable risk

The Water Collaborative at Marytnd





Risk methodolOgy

1. Risk register
2. Hazard evaluation
3. Vulnerability (FMEA, fragility curves)
4. Consequences (life, economics, environmental)

The Wier Collabowafve at maryand



Risk methodology

Risk= HxVxC

Hazard

Inventory

The Water Collaborative at Maryland
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Capacity vs. demand

Probability,
&

Probability
Density

. " .. . Fragility, CDF
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Hazard, PDF
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FRAMEWORK FOR DAM SAFETY ANALYSIS
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Interagency Performance Evaluation Taskforce

The Water Collaborative at Marytand u



SURGE

r , ~ r

4 * S ~ t S

TIME HISTORY OF
SURqGE AND WAVE V

uborstiv at Marylan i 4



Risk analysis methodology
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Event tree for piping

erodible

flaw

The Water Collaborative at Maryland w



Nature of uncertainty

Methods of assigning probabilities:
Empirical (statistical)
Physics of failure models
Expert judgment

The Water Collaborative at Maryland



Reliability analysis

Erodibility Index Factor

1o

urn

+3.'o tt Erosion

4- Epistemic Uncertainty

+0.5

0
Elevation (NAVD88 (2004.65))
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PRA for dams

1. Dam inventory
2. Modes of failure
3. Actors, owners, & regulators
4. Risk and reliability analysis
5. Downstream conseguences
6. Tolerable risk

Th Water Coflaborative at Marytand



Estimating loss of life

Bureau of Reclamation approach
Dawn Type Cuuse, of Spertui s~wesi~ru rwn of When WGiUt Dan Fea~ue 7mn;;; h; Indtated

Many Obwe*eas at Oam No Obwrvwei at Down

lEmthflhI OVeubsppl DrsMI e. at daM IMs Day 0.25 bra. hefiw dean fnilt 0.25 hm- after fw, reachts
than WO "i (O4 kný) -p wae.a

rain~eam at dAm lcm Night o-23 br. ;ttr 7 daijrn 1.h~ 0 hr%, &Actr (wv raches
thn Mm il 0(60 km) pOpeahid w"e

Oraiuqe aie sdtan MOV DaY 2 hn. bctr dam falhue I hr. befift &Mr Waiur
thaSn 100 rnO (240 krnw)

Duuinaas ores at daon iaOre Night I to 2 be. beftre dam Wadure 0 to hr. befr hinv fakn~

pipin I fir, before dwar hulure 0.25 lvi After f* reaches
(fou Mou"Voi. -atw arm

weather) .

SeisutkNigh knu.dat halr ay (S. after dam failure LO2hr &Aa eachs,

Scisait mmeiadeFkiu Da 0.20 hr. after da faltave 0.O hr. akter (w rcchf.

DeNight Puih5r har2l. aefter dar Whtul I. lOhmaVer reaches

Night 2 iii. before dam falulure 0 bra. beforefwrneaches
I I _ _ _ _ _ _ _ _ _ -

The Water Collaborative at Maryland t
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PRA for dams

1. Dam Inventory
2. Actors, owners, & regulators
3. Modes of failure
4. Risk and reliability analysis
5. Downstream consequences
6. Tolerable risk

The Water Collaborative t MsrYlAnd
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Spillway Systems Reliability Project

1995 Folsom gate failure (CA)

The Water Collaborative at MaryVand
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Thank you,
and be careful

It u V e o m : ! A Y v c t
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Extra slides
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Comparative seismic risk

Mgnbotud hazard cur"
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From: Perkins, Richard
Sent Wednesday, October 17, 2012 12:54 PM
To: Criscione, Lawrence
Subject FW: FYI

From: Perkins, Richard
Sent: Tuesday, October 16, 2012 4:05 PM
To" King, Mark
Subject: RE: FYI

Thanks Mark,

I did see it. I thought the article provided a stunning.., and I'm not sure about what word to use next. Insight?
Realization? Example? Admission? Truth? Wake-up-call? Example of human behavior? Study in
psychology? Failure of a regulatory system? Failure of a company to come to grips with an issue? Example
of total disregard for ethics and social responsibility? Example of how corporations behave absent an
adequate regulatory environment.

Richard

From: King, Mark
Sent: Tuesday, October 16, 2012 3:05 PM
To: Perkins, Richard
Subject: Y

Richard - thought you might find this article below interesting - it parallels your "flooding"
concerns... and the potential NRC timeliness to addressing those concerns, going forward that
the Japanese failed to heed for tsunami's / flooding.

Fukushima operator admits nuclear disaster avoidable

Out 12 (Reuters) - Tokyo Electric Power Co (Tepco), the operator of the wrecked Fukushina nuclear plant, said on Friday it could have dealt bettet with
the plantVs meltdowns if broad preparations were taken, reversing the previous managernent's view that the disaster was unavoidable due:to an
unexpected force of nature.
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@138i38 011 1 . mSw P,.II 4am own "id

'Wi = ' boin tak n =' = . Iml=L= map .pOl roebirw'e o-nI t'u*mi LW I Poll1 ls e S .00 vis1 rS03 ~aO~95 rp ~ i
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ARTI CLE SOURCE: httg://www.reyters.com/article/2012/10/1 lgaran-nuclear-idUSL3EBLC6W320121012



From:
Sent
To:
Subject

Perkins, Richard
Wednesday, October 24, 2012 10:44 AM
Criscione, Lawrence
Some news from Japan on crop impacts

http:/IwwbIoombe2r.com/news20 12-1 0-24/iapan-to-restrict-some-rice-shipments-in-fukushima-on-
radiation.html

Richard H. Perkins, P.E.
Nuclear Regulatory Commission
Office of Nuclear Regulatory Research
Division of Risk Analysis
Operating Experience and Generic Issues Branch
Phone - 301/251-7479
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CrIscione, Lawrence

From:
Sent:
To:
Subject:
Attachments:

Perkins, Richard
Monday, December 03, 2012 3:44 PM
Criscione, Lawrence
Various presentations, e-mail 1 of 2
Presentation to GIP Panel Briefing 2011 04 29.Dptx
his attachment is publicly available as ML15111A052

Richard H. Perkins, P.E.
Nuclear Regulatory Commission
Office, of Nuclear Regulatory Research
Division of :Risk Analysis
Operating Experience and Generic Issues Branch
Phone - 301/251-7479



From: Perkins, Richard
Sent: Tuesday, January 15, 2013 11:49 AM
To: Criscione, Lawrence
Subject: Recent FOIA closures

http://obaduows.nrc.,ov/docs/ML1235/ML12352A276.html

httD:llobaduows.nrcRov/docs/ML1Z35/M11,352~273.html

Richard H. -Perkins, P.E.
Nuclear Regulatory Commission
Office of Nuclear Regulatory Research
Division of Risk Analysis
Operating .UEperlence and Generic Issues Branch
Phone - 3011251-7479
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