History of US dam failures
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History of US dam failures

South Fork 1889 Overtopping
Walinut Grove 1890 Overtopping

St. Francis 1928 Geological defect
Mill River 1865 Overtopping (?)
Baldwin Hills 1963 Earthquake
Canyon Lake 1972 Overtopping
Buffalo Creek (tailings) 1972 Structural
Teton 1976 Piping

Kelly Barnes 1977 Structural
Laurel Run 1977 Overtopping
Lawn Lake 1982 Piping

Big Bay 2004 Piping

Taum Sauk 2008 Overtopping




Failure rate ~ 1/ 10,000 dam-years
US failures ~ 5 — 10 failures per year
Accident rate ~ 2 x failure rate
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History of US dam failures
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Taum Sauk pump-storage project
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Area ~ Reference Failures Dams* years  (dam year)™'

United States ~ Gruner [1963; 1967] 33 1764 40 5 10~
Babb and Mermel [1968]
post-1940 dams | 12 3100 14 Ix 1074
USCOLD [1975] 14 4914 pX 7 % 10~
U.S. Burcau of Reclamation
[Mark and Stuart-Alexander, 1 4500¢ 2x 104
World 1977} 128 7500 40 4x10
Middlebrooks [1953]
IMark et al., 1977) 9 7833 6 210~
Japan Takase [1967] 1046 2x 100 15 4x10°3
Spain Gruner [1967] 150 1620 145 6 X 104
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Frequencies of failure
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PRA for dams

1. Dam inventory

2. Modes of failure

3. Actors, owners, & regulators
4. Risk and reliability analysis
5.
6.

Downstream consequences
Tolerable risk |




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
I_ht_eraggncy Performance Evaluation Taskforce (IPET)
Delta Risk Management Study (DRMS)
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Recent efforts relatedto R/ of dams

Risk screening efforts
USACE Portfolio Risk Assessment
FEMA Risk Prioritization Tool for Dams
Ontario MNR Risk Screening Tool
Agency interest
USACE, USBR, FEMA, FERC, TVA, NRCS
New Principles & Standards (CEQ)
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Ontario Dam Safety Management Plan




PRA for dams
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Dam inventory

Modes of failure

Actors, owners, & regulators
Risk and reliability analysis

Downstream consequences
Tolerable risk
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Reservoir oultflow




Risk register

Hazard evaluation

Vulnerability (FMEA, fragility curves)

. Consequences (life, economics, environmental)
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Risk methodology

Risk=Hx*VxC

Vulnerability Consequence
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FRAMEWORK FOR DAM SAFETY ANALYSIS
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Interagency Performance Evaluation Taskforce
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TIME HISTORY OF

SURGE AND WAVE
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Risk analysis methodology
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Event tree for piping
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Nature of uncertainty

Risk Analysis
k. ] ‘
Natural Variability Knowledge Uncertainty Decision Model
Aleatory Epistemic Uncertainty
Temporal Model l --z Objectives l

' Spatial Parameters l s Values l

— Time Preferences ]

Methods of assigning probabilities:
Empirical (statistical)

Physics of failure models

Expert judgment
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Reliability analysis

Erodibility Index Factor
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PRA for dams

Dam inventory

Modes of failure

Actors, owners, & regulators
Risk and reliability analysis
Downstream consequences
Tolerable risk
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Estimating loss of life

Bureau of Reclamation approach

Dam Type Cause of Special Considerations Tiroe of When Would Dam Failure Waming be Initiated?
Faihre Failure
Many Obscrvers st Dam Nao Observers at Dam
Earthfill Overtopping | Drainage srca af dam less Day | 0.25 hrs. beforc dam failure | 025 hrs. after fw reaches
than 100 mi® (260 k') populated ares
Drainage arcs at dam less | Night | 0.5 hrs. sfier dam failure 1.0 hrs. afler fw reaches
than 100 mi’ (260 knr') populated ares
Drainage area at dam more Day 2 hes. before dam failure 1 br. before dam failure
than 100 mi’ (260 km’)
Drainage arca at dam moee Night f to 2 hr. before dam faslore | 0o | he. before dam failure
than 100 mi’ (260 km’)
Day i br. before dam failure 0.25 hry. after fw reaches
{full reservoir, populated srca
normal
weather) -
Night 0.5 hr. afier dam failure 1.0 hr. after fw reaches
. . populated arca
Seismic Immediate Failure Day 0.25 hr. after dam failure 0.28 hr. after fw reaches
tec arca
Night 0.50 br. after duo failure 1.0 hrs. alter fw reaches
ed area
Delayed Failure Day 2 hirs. before dam failure 0.5 hrs. before bw roaches
. ted arca
Night 2 hes. before dam failire 0.5 hrs. before fw reaches

populated area
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Flood Inundation due to Malpasset Dam-Break Event
Simulated by NCCHE Flood Simulation System
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PRA for dams

Dam inventory

Actors, owners, & regulators
Modes of failure

Risk and reliability analysis
Downstream consequences
Tolerable risk
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ANNUAL PROBABILITY OF "FAILURE"
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1995 Folsom gate failure (CA)
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Spillway Systems Reliability Project
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US Army Corps
of Engineers @
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Probabilistic risk assessmeént-
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Thank you,
and be careful
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Comparative seismic risk

Magnitude hazard curve
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From: Perkins, Richard
Sent: Wednesday, October 17, 2012 12:54 PM
To: Criscione, Lawrence
. Subject: FW: FY1
From: Perkins, Richard

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

Thanks Mark,

| did see it. | 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 ih
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

A g e e D TV U e Sy Y

From: King, Mark

Sent: Tuesday, October 16, 2012 3;05 PM
To: Perkins, Richard

Subject: FYI

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

Fukushima operator admits nuclear disaster avoidable

'Olml‘nau 12T v (o BT

Oct 12 (Rewters) - Tokyo Electric Power Co (Tepeo) , the operator of the wrecked Fukushima nuciear plant, said on Friday it could have deatt better with
the plant's meitdowns if broad preparations were taken, reversing the previous managemsnt's view that the disaster was unavoidabie due‘to an’
unexpected foree of naturs.

The carisenis were Sontaned in 8 St plan for $he oMM OF RUCKERT BOWEE Orosniaetion & Tepco tesk forcs (X 4 mdviscry Doy, which bidd the Tirst mestng on Fridary. % ingirovs satety st sefely
culture 81 Tepco.

The five-mamber MSvIsory DOy 10 the DOSIY of dxRCtons. the Nuctesr Reform Mansonng Comvnitine, p6ang I NOIS § Mestng oncs every two 10 twee Monine 15 review ha drafl PIEn &g mke Proposals, without & pre-fed
v 10 covdlets K8 rusaion

The Fukushune Deith plamt, 240 km {150 muies) north of Tokyo, wiss N1 on March 111837 7087 by & Massve ssrthqueka ancd teunaemi Tl Swamped its hackud Dower end GOOHNY SYReMe, iy n makiowns of Siree of
its six remctors

Aboust 150,000 peotke wers torced to 8e 83 MSGIORCHvE MBS SDSWEG, BOMS Neves 1D NifuM

Yepeo, wmmhmwmm X Wup end iS6HONNY, NN since ©p 0 wah Cras Kz S » tawyer wihc Tt Ciftad & comoensstion schems fur
GIRNT vUmS. st Prasiderni Naom HMinse :

“Wien laaking Dack on the was that WETS 10t NI 11 BAVENCS, L0 WS WOd & FRTONT P it vl B US 40 DI SINBivE Y1 CAERUNIG OPERTRIINNS 1O° IMpr sy
M“wv“m the i ruciesr refoem pien said

nmmﬂhmmhmtwmomeﬁan-nmnwmmwwmmmmln—umnmwmnm“
acekignt massures (ke in oiher COUTIIee, e draft Siso saki.

in 8 ews by S con bers, Dale Kisin, hvead of the commitiss wad tarmer chairman of U.B. Nutiear Reguistory Commission, 851 nuchass pOwe? omn be site i iy Sountey - g I qubske-
prone Japan - 4 6one propetty.

Tepco wis nedonsksed sader Ve year with 8 1 uition yen (§12.7 tiiuon) liyection of pubic Tunds in sxchangs for plan, tha ek ing the X, H-KEWD nuCa? tant, norBwent of Toyo, 81
astly a5 in Apni 2013, (31 = 78.5100 Japanese yan) (Repovting by Riss Masds)

ARTICLE SOURCE: http://www.reuters.com/article/2012/10/12/japan-nuclear-idUSL3EBLCBW320121012

N



From: Perkins, Richard

Sent: Wednesday, October 24, 2012 10:44 AM

To: Criscione, Lawrence :
Subject: Some news from Japan on crop impacts

rg.com/n 12-10-24/japan-to-restrict-some-rice-shipments-in-fukushima-on-

hito:/
radiation.htm!

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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Crfscidne Lawrence
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From:

Sent:

To:

Subject:
Attachments:

Perkins, Richard

Monday, December 03, 2012 3:44 PM

Criscione, Lawrence

Various presentations, e-maill 1 of 2
Presentation_to_GIP_Panel_Brisfing 2011_04_29.pptx

This 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 lssues Branch

Phone - 301/251-7479

BAL
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From: Perkins, Richard

Sent: _ Tuesday, January 15, 2013 11:49 AM
To: Criscione, Lawrence

Subject: Recent FOIA closures

adu nre.gov/docs/ML1235/ML12352A276.htmi

tn://; e, docs/ML1 L12352A273 . htm

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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