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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION -
WASHINGTON, DC 20555-0001

NRC INFORMATION NOTICE 2048201 1-xx: ARRLHCABHTY-OFHISTORICAL-DAM
FAILURE FREQUENCY
ESTMATESUNDERESTIMATED IN
PROBABILISTIC RISK ASSESSMENTS

ADDRESSEES

AII holders of awoperatlng keease@m%st&w&enqpepm&hcensees for a«nuclear power reaste%

Production-and-Utlization-Fasilities;“reactors, except those who have permanently ceased A { Formatted: No widow/orphan control

operations and have certified that fuel has been permanently removed from the reactor vessel.

PURPOSE

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information notice (IN) to alert
addressees of a potentially non-conservative value for dam failure frequency estimate-used-in
external-flooding-analysis-that originated in 1980s reference documents published-in-the-1980s
and was commonly adopted by seme-licensees in their probabilistic risk assessment (PRA)-

) for external events. Using a non-conservative dam failure frequency may result in

underestimating the risks to the plant associated with external flooding or loss of heat sink from
the failure of upstream and/er downstream dams or levees. It is expected that recipients will
review the information for applicability to their facilities and consider actions, as appropriate, to
correct any error resulting from the-use-ef-these reference documents. However, suggestions
contained in this IN are not NRC requirements; therefore, no specific action or written response
is required.

BACKGROUND

The NRC staff recently reviewed-the-use-of-identified a potentially non-conservative value for
dam fallure frequency prm@mmmmé%m%
v yeontained in the
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Nuclear Safety Analysrs Center (NSAC) ef—the—éleetneﬁewer—kesﬂtete@%ae@pamefea%g

Assessment of Oconee Unit 3.” This dam failure frequency estimates-(USNRGC-1887%)-

value was commonly adopted by licensees in their PRA for external events. Published in 1984,
NSAC/60 provided-an-estimate-for-a-dam-was prepared by NSAC in conjunction with Duke
Power Company and provided their calculated value for the dam failure frequency of the
Jocassee dam, a value commonly referenced by other licensees in their flooding analyses. The

NSAC/GO PRA model determmed the fallure frequency a&part»eﬁ%heeademe#—ﬂeedmg—sereemng

by comprlmq data for srmrlar tvpes of dam failures,

while taking mto account a mathematrcal equation modeling that showed that more recently
constructed dams displayed a decrease-+n-gererc-damlower failure rates-with-an-increase-in
operational-dam-years-was-assumedfrequency, presumably due to reflest-improvements te
metheds-efin dam design and construction.-A_NSAC/60 states that a Bayesian analysis using
historical dam failures was then-performed to estimate the annual failure frequency at the time
the analysis was performed (1981) and associated uncertainty range for dams built within
different time periods: 1900 — 1981, 1940 — 1981, and 1960 — 1981._ The NSAC/60 PRA
analysis determined the median annual failure frequencies MSAG#@@-are-mfor the range
between-0Jocassee dam as 2.3 x 10°%/year-and-2-6, 1.6 x 10°/year-_and 1.4 x 10°%/year,
respectively, from causes other than earthguakes and overtopping (which NSAC/60 states were
considered in separate analyses.}

Fhis-study-rocognrizedThe NSAC/B0 approach estimated the failure frequency for the Jocassee
dam by screening the available historical data for U.S. dams at the time of the analysis (1981)
and using only the data deemed applicable to the Jocassee dam based on characteristics such
as (1) dam composition, (i) construction completion date, and {iii) failure modes. NSAC/60
describes the challenge in collecting sufficient historical information based on the scarcity of the
data applicable to the specific dam characteristics considered, as well as the complexity of the
actual phenomena controlling dam failures and its potential impacts to a nuclear power plant

site.-Subsequently;

The NRC subsequently included the NSAC/60 dam failure frequency results in

NUREG/CR -042, “Evaluation of External Hazards to Nuclear Power Plant in the United States”
(Agencywide Documents Access and Management System (ADAMS) Accession No.
ML062260222), which was mmallv published in 1987. NUREG/CR-5042 reported bounding
calculations with results of “10®/year or even smaller’ for modern well-engineered dams and a
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range of values between “10™/year and 10°/year,” referring to NSAC/B0 in both cases-{4SNRG:

DESCRIPTION OF CIRCUMSTANCES
BACKGROUND

" .
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DISCUSSION

; NRC staff recently reviewed the use of dam failure frequency
estimates in NSAC/60. The NRC staff noted that many assumptions in the dam failure rate
estimation approach used in NSAC/60 are strongly dependent upon the completeness and
accuracy of the dam data used and the criteria for including or excluding certain failure events
and operational years deemed to be applicable to characteristics specific to the dam considered
in NSAC/60 (i.e., type, height, construction year, and years of operation)._In particular, the
failure frequency derived in NSAC/60 was considered to be representative of failure modes
resulting from causes other than hydrologic (e.g., severe precipitation), and seismic events:,
which NSAC/6Q states were considered in separate analyses. In effect, this choice of
exclusions eliminates the majority of failure modes that has been historically observed for dams
(e.g., overtopping).. Additionally, the phenomena associated with non-hydrologic, non-seismic
(e.g., internal erosion/degradation) events was further screened for other failures modes not
deemed applicable based on design considerations also specific to the darm-consideredin-the
studyJocassee dam (i.e., piping through a conduit passing through the dam, and structural
failures of the spillway during flood discharge).

To assess the impact of thesethe NSAC/60 screening assumptions, the NRC staff reviewed
currently available US-databases for both-U.S. dams. In order to determine generic dam failure
frequencies, the databases are used find (i) the number of historical failures of dams of a
particular characteristic such as dam type and (ii) the total number of years of operation of dams
of the same characteristic. The NRC staff reviewed databases of historical dam failure events+,
primarily; the National Performance of Dams Program by Stanford Universityy-and-the-,
http://npdp stanford.edu/index.html, and the database of the existing population of Y8U.S. dams
{,_the National Inventory of Dams maintained by the YS8U.S. Army Corps of Engineers)-that
provide (USAEQ), http://nid usace.army.mil). [While USACE Web site states “Non-qovernment
users are no Jonger able to directly download any data from this site.” non-government users
can request access to the data by contacting the USACE staff member specified on this Web
site.] While these databases contain valuable historical information and are certainly more
compiete and accurate than information than available when NSAC/60 was prepared—WhHe

NRC staff found |nherent challenqes in using the databases for PRA purposes that limit the

ability to soundly fustify a very low value of dam failure frequency using only historical data. The
databases were not created for the specific purpose of performing dam PRAs and were not

designed to be used together, As such, the NRC staff found that data was not always complete,
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consistent, and sufficiently detailed for use in PRAs. For instance. NRC staff found that for PRA
purposes there was an inherent challenge regarding the incompleteness of failure event
accounts (e.g., construction year of failed dam, and failure mode), sparse data and
inconsistencies on definitions used on both failed and operating dams (e.g., dam types).

In-additionT 0 understand the impact these inherent databases challenges, the NRC staff aiso
performed analyses of the ranges of generic dam failure frequency estimates that can be
derived from these databases—as-wel-as-a-. The NRC staff also reviewed literature review-on
previously published dam failure rates. The NRC staff also reviewed literature review-included

on published analysesdam PRAs mostly based on historical evidence for the YSU.S. and the
lnternatlonal populatlon of dams-BaeeheFePaL(:L%O} Mariz and Brysen & 1982)«40@4.9—(—19@5}

the The NRC staff also revuewed ava)lable mformatuon gathe;ed—prewde

evideneeon the latest dam risk assessment methodologies including the following publications
from the U.S. Department of Interior's Bureau of Reclamation at hitp://www. usbr.gov/library/. “A
Framewaork for Characterizing Extreme Floods for Dam Safety Risk Assessment,” issued 1999;
‘Dam Safety Risk Analysis Methodology,” Version 3.3 1, issued 2003: and, "Dam Safety Risk
Analysis Best Practices Training Manual.” Version 2.0, issued 2010,

Based on this review, the NRC staff determined that generic dam failure frequensiesfrequency
estimates that are considerably lower than 10™*/year may not be justifiable based only on
historical dam performance information.-Additioratiyas-stated--NUREG/CR-5042-dam-failure
ratos-above-this-value-are-also-pessible-and. therefore-a-technicaljustification-would-have to-be
provided-in-support-of-any-spesific-estimate-used-_ This is due to the variability on site-specific
characteristics (i.e., hydrologic, geologic, and operational) and the potential contributions of site-
specific failure modes not covered by databases, such as the potential activation of failure
modes in dams which have never been filled beyond a certain operational reservoir level (e.g.,
first-fill scenarios)._ This is compounded by the data analysis challenges discussed above.-n
{eaehmg -Hhig- Geaelus}ea—theNF%G staff a#se eensadered avaﬂablemfe;maﬁe%neuwem -state-

fedeml—agenees—sueh—ae—%be@% DepaﬂmentMener%Bweau -of Redamauen (eg ~l:’lSBR—

{r-conclusion:DISCUSSION

Both NSAC/80 and NUREG/CR-5042 are commonly used primary reference documents for
licensees performing external flooding analyses incorporating a dam failure and applied to any
type of dam. However, recent NRC reviews determined that the generic failure frequency
estimate used in NSAC/60 combined generic information with site-specific screening criteria that
produced median values an order of magnitude lower than published literature and NRC staff's
assessments support._ Consideration of data sources currently available also indicates that (i)
such significantly lower values may not be justified by historical data alone, and (ii) applicability
of the NSAC/60 estimate to other dams with different characteristics may be inappropriate.
Reasons for these-eonskasionsthis include the fact that generic failure frequency values may not
account for site-specific features and can be highly dependent on completeness and
applicability of available information to site-specific dams; which may counteract conservative
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assumptions in the use of data.

These considerations recognize that data available in these databases is useful in deriving
bounding values and approximate generic dam failure rate estimates, but that the justification
for its use in obtaining significantly lower values than the established averages may not be
conservative may result in inappropriate estimates of the risk of external flooding or loss of
ultimate heat sink. depending upon hew such dam failure frequencies were used. Although
there is no specific regulatory requirement to do so, licensees may use this readily available
dam data to develop a facility-specific dam data set in order to update the dam failure frequency
value specified in their PRA for external events.

R ( Formatted: Font: Not Bold
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This information notice requires no specific action or written response. Please direct a

'dhéstio“hs_abm_tbjﬁ_maﬁauo_thg_te&hmgaLcontacts listed below,

Timothy J. McGinty. Director
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Technical Contacts: Ferpando Ferrante, NRR/DRA
301-415-8385
E-mail: f&xf3@nre.gov

Jeffrey Mitman, NRR/DRA
301-415-2843
E-mail._itm1@nrc.gov
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These considerations recognize that data available in these databases is useful in deriving
bounding values and approximate generic dam failure rate estimates, but that the justification
for its use in obtaining significantly lower values than the established averages may not be
conservative and-therefore-nappropriate-forscreening-purposes-may result in inappropriate
estimates of the risk of external flooding or loss of ultimate heat sink, depending upon how such

dam failure frequencies were used. Although there is no specific regulatory requirement to do
s0. licensees may use this readily available dam data to develop a facility-specific dam data set
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in order to update the dam failure frequency value specified in their PRA for external events. ,
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CONTACT

This information notice requires no specific action or written response. Please direct any
| questions about this matter to the technical eentastcontacts listed below.

e XK XIAKAXXXX T imothy J. McGinty
Director

Division of Policy and Rulemaking
Office

of Nuclear Reactor Regulation

] Technical Contacts: _ Fernando Ferrante, NRR/DRA
301-415-8385
| E-mail:_fxf3@nrc.gov

Jeffrey Mitman, NRR/DRA
301-415-2843

Note: NRC generic communications may be found on the NRC public Web site,
| http:/fwww.nre.gov, under Electronic Reading Room/Document Collections. . .
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