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Contributions of Dam Failures to External Flood Hazard at Nuclear Power Plant Sites: 
Rationale and Path Forward 

Michelle T. Bensi* 

ABSTRACT 

This paper discusses recent and ongoing activity at the United States Nuclear Regulatory 
Commission (NRC) related to the contribution of upstream dam failures to external flood hazard 
at nuclear power plant sites. An overview of applicable regulations and existing regulatory 
guidance is provided along with a summary of Generic Issue 204 (“Flooding of Nuclear Power 
Plant Sites Following Upstream Dam Failures”) and associated recent regulatory activities. In 
addition, NRC actions related to external flooding from upstream dam failures in response to 
lessons learned from the events at Fukushima Dai-chi are also described. 

1. OVERVIEW 

In recent years, new and updated information related to external flooding, and dam failures in 
particular, has become available to staff of the United States Nuclear Regulatory Commission 
(NRC). This information includes the results of inspections of flood protection and related 
manual actions at United States nuclear power plant sites, recent re-evaluations of dam failure 
frequencies, and reevaluations of possible flood heights due to upstream dam failure. These new 
sources of information suggest that the effects of external flooding due to dam failure may be 
greater than previously estimated at some sites. In response, the NRC has taken site-specific 
regulatory action at certain nuclear power plant sites. In addition, NRC has undertaken broad, 
systematic, and generic actions to address issues related to external flooding from upstream dam 
failure. These actions include (1) the commencement of a formal Generic Issues Program 
evaluation (referred to as Generic Issue 204) in February 2012 to consider the effects of external 
flooding from upstream dam failure on nuclear power plant sites, and (2) the issuance of  
Information Notice 2012-02 in March 2012 related to dam failure frequencies. Moreover, NRC 
has taken numerous actions in response to lessons-learned from the events at the Fukushima Dai-
ichi power plant, where a large tsunami resulted in extensive damage to the nuclear power 
reactors at the site. Among many other actions, NRC issued requests for information in 
March 2012 to all nuclear power plant licensees and holders of construction permits requesting 
the reevaluation of external flood hazards at their sites using present-day guidance and 
methodologies (Ref. 1). This requested reevaluation will include the contribution of upstream 
dam failures to external flood hazards, if appropriate.  

This paper further discusses the aforementioned topics, including regulations and existing 
regulatory guidance related to dam failures (Section 2), Generic Issue 204 (Section 3), 
Information Notice 2012-02 (Section 4), lessons-learned from the events at Fukushima Dai-ichi 
(Section 5), and the effects of ongoing regulatory activities on new reactor applications (Section 
6). 

                                                 
* United States Nuclear Regulatory Commission, Rockville, MD, USA 



IV-3/2 

2. PRESENT-DAY REGULATIONS AND REGULATORY GUIDANCE RELATED TO 
DAM FAILURES 

Title 10 of the Code of Federal Regulations (10 CFR) addresses external flooding and dam 
failure. The General Design Criteria for Nuclear Power Plants (10 CFR Appendix A to Part 50) 
states the following regarding external flooding:  

Criterion 2—Design bases for protection against natural phenomena. Structures, systems, and 
components important to safety shall be designed to withstand the effects of natural phenomena such 
as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches without loss of capability to 
perform their safety functions. The design bases for these structures, systems, and components shall 
reflect: (1) Appropriate consideration of the most severe of the natural phenomena that have been 
historically reported for the site and surrounding area, with sufficient margin for the limited 
accuracy, quantity, and period of time in which the historical data have been accumulated, (2) 
appropriate combinations of the effects of normal and accident conditions with the effects of the 
natural phenomena and (3) the importance of the safety functions to be performed. 

In addition, for applications submitted after January 10, 1997, 10 CFR 100.20(b) describes 
physical site characteristics that must be considered in siting nuclear power plants 
(10 CFR 100.10(c) is applicable to many reactors licensed before January 10, 1997). 
10 CFR 100.20(b) states the following with regard to consideration of dam failures: 

The nature and proximity of man-related hazards (e.g., airports, dams, transportation routes, military 
and chemical facilities) must be evaluated to establish site parameters for use in determining whether 
a plant design can accommodate commonly occurring hazards, and whether the risk of other hazards 
is very low. 

Moreover, for applications submitted after January 10, 1997, 10 CFR 100.23(d) sets forth the 
criteria to determine the siting factors for plant design bases with respect to seismically induced 
floods and water waves at the site (10 CFR Appendix A to Part 100 is applicable to many 
reactors licensed before January 10, 1997). 10 CFR 100.23(d) states the following: 

Geologic and seismic siting factors. The geologic and seismic siting factors considered for design 
must include a determination of the Safe Shutdown Earthquake Ground Motion for the site, the 
potential for surface tectonic and nontectonic deformations, the design bases for seismically induced 
floods and water waves, and other design conditions as stated in paragraph (d)(4) of this section. 

In addition to the regulations described above, Chapter 2 (“Site Characteristics and Site 
Parameters”) of NUREG-0800, "Standard Review Plan for the Review of Safety Analysis 
Reports for Nuclear Power Plants: LWR [light-water reactor] Edition," provides staff guidance 
related to evaluation of flood hazards, including potential dam failures (Ref. 2). Specifically, 
dam failures are addressed in Section 2.4.4,“Potential Dam Failures,” of NUREG-0800. Dam 
failures are also addressed in section 2.4.2,“Floods,”of NUREG-0800.  

Regulatory Guide 1.59 (Ref. 3) addresses dam failures, including reference to ANS/ANSI 2.8-
1992, "Determining Design Basis Flooding at Power Reactor Sites," (Ref. 4) which describes 
dam failures caused by seismic, hydrological, and other mechanisms. Since Regulatory Guide 
1.59 was last updated in the late 1970s, the technical basis (data sources, tools, and analytic 
methods) for flood assessment has evolved since its issuance. The NRC Office of Nuclear 
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Regulatory Research is currently revising the guide to reflect the current state of practice. For 
many hazards, the technical basis for revision of Regulatory Guide 1.59 is described in 
NUREG/CR-7046, "Design-Basis Flood Estimation for Site Characterization at Nuclear Power 
Plants in the United States of America" (Ref. 5). 

While the regulatory guidance related to external flooding has evolved over time, there is no 
regulatory requirement for licensees to periodically confirm flood hazards at their sites. The 
appropriateness of requiring periodic reviews is being considered by NRC staff under the 
activities performed in response to lessons-learned from the events at the Fukushima Dai-ichi 
site (Ref. 6). Additionally, as described in Section 5 of this paper, NRC staff has issued a request 
for information to all licensees and holders of construction permits (Ref. 1) in response to these 
lessons-learned. The request for information requires a one-time reevaluation of flood hazards 
using present-day methodologies and guidance. 

3. GENERIC ISSUE 204, “FLOODING OF NUCLEAR POWER PLANT SITES 
FOLLOWING UPSTREAM DAM FAILURES" 

3.1. OVERVIEW OF THE GENERIC ISSUES PROGRAM 

The Generic Issues Program is a congressionally mandated, agency-wide program that addresses 
a special class of issues (referred to as “Generic Issues”) that have significant generic 
implications related to safety or security and that are not more effectively resolved by other 
regulatory programs or processes. Specifically, the term Generic Issue is a special designator 
used to label a safety or security issue that is identified and found to meet all of the following 
seven criteria: 

1. has implications for public health and safety  
2. applies to two or more facilities  
3. is not readily addressable through other established regulatory processes  
4. can be resolved by regulation, policy, or guidance  
5. can have its risk or safety significance adequately determined or estimated  
6. is well defined, discrete, and technical  
7. may involve review, analysis, or action by the licensee  

The Generic Issues program uses a five-stage process to identify, address, and disposition 
proposed and declared Generic Issues.  The five stages of the Generic Issues Program are: (1) 
identification, (2) acceptance review, (3) screening assessment, (4) safety/risk assessment, and 
(5) regulatory assessment. Under the identification stage, Generic Issues may be identified and 
proposed by anyone (e.g., Generic Issues Program staff, NRC staff in other agency offices, and 
members of the public). Upon receipt of a Generic Issue proposal, Generic Issues Program staff 
performs an acceptance review, which is a short-term, limited assessment of the proposed 
Generic Issue against the seven criteria listed above. If the proposed issue does not obviously fail 
to meet one of the criteria, it is accepted into the Generic Issues Program and classified as a 
“PreGI.” Following the acceptance of the PreGI into the Generic Issues Program, staff performs 
a screening assessment, which is an internal review of readily available information used to 
further assess whether the issue meets the seven criteria listed above. Following the screening 
assessment, Generic Issues Program staff prepares a screening report. Based on the staff’s report, 



IV-3/4 

a panel of NRC experts recommends whether the issue should be formally designated as a 
Generic Issue and further evaluated under the Generic Issues Program. Following designation of 
an issue as a Generic Issue, the staff performs a safety/risk assessment to quantify the safety 
implications of the Generic Issue. Numerical, risk-informed criteria are used to determine 
whether further action is necessary and an NRC panel makes a final determination. Depending 
on the conclusions of the safety/risk assessment, Generic Issues Program staff coordinates a 
regulatory assessment to determine whether regulatory actions are warranted.  

Throughout the Generic Issues Program process, the seven criteria above are continuously 
applied. If, at any stage, the issue is found not to meet one or more of the criteria, the issue will 
exit the Generic Issues Program. For example, an issue may be transferred to a regulatory office 
if an existing regulatory program or process is identified that can readily address the issue. 
Moreover, if an immediate safety issue is identified during the implementation of the Generic 
Issues Program process, the issue is promptly referred to the appropriate regulatory office. 

3.2. SUMMARY OF GENERIC ISSUE 204 

In July 2010, the NRC Office of Nuclear Reactor Regulation (NRR) proposed a Generic Issue 
related to external flooding of nuclear power plant sites due to upstream dam failure. A catalyst 
for submission of the issue included assessments of findings that were made by NRR and NRC 
Regional staff under the Reactor Oversight Process (Ref. 7). The proposed GI was accepted into 
the Generic Issues Program as PreGI-009 in August 2010 (Ref. 8). Next, NRC Office of Nuclear 
Regulatory Research staff performed a screening assessment of the issue, which included a 
review of existing NRC regulatory and staff guidance as well as plant-specific documents. The 
goal of the screening assessment was to use readily available information to provide a staff 
recommendation regarding whether the issue should be formally designated as a Generic Issue. 
This required strong justification that the issue has the potential to meet the seven specific 
criteria outlined in Section 3.1 of this paper.  

As part of the screening assessment, the staff analysis team reviewed plant specific documents 
including the Updated Final Safety Analysis Reports (UFSARs), Individual Plant Examination of 
External Events (IPEEE) submittals, and communications between the NRC and licensees. 
Variation was found in the FSARs and IPEEEs with regard to the level of detail provided, the 
rigor of the analyses performed, and the assumptions made when performing analyses related to 
flooding due to upstream dam failure. The Generic Issues screening assessment also included a 
review of the existing NRC regulatory framework addressing flooding hazards due to upstream 
dam failure. The staff analysis team found that regulatory and staff guidance related to upstream 
dam failure has evolved since the licensing of older U.S. nuclear power plants. Moreover, during 
the conduct of the screening assessment, NRC staff found that the numerical justification for 
screening out external flooding as a viable hazard in the IPEEEs may have been based on a study 
that excluded contributions from upstream dam failure.  

The staff’s screening assessment report (Ref. 9) for Generic Issue 204 mentions a sample of 
sites, which was used to determine whether the issue potentially affects multiple facilities 
(criterion 2 of the list contained in Section 3.1 of this paper). The sample of sites considered in 
the screening assessment includes sites that are potentially affected by failure of water 
impounding structures (e.g., dams, levees, or embankments located upstream, downstream or 
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adjacent to a site), though the distance from the site to the dams and the potential consequences 
of dam failures varied significantly from site to site.  It is noted that consideration of a site as part 
of the Generic Issue screening assessment does not necessarily imply the site will be adversely 
affected by an upstream dam failure. Conversely, exclusion of a site from the above list does not 
imply that it is not susceptible to the effects of an upstream dam failure. As described above, the 
list was intended to use in evaluating whether the issue affected multiple sites. 

Staff completed a draft of the Generic Issue screening assessment in July 2011 (Ref. 9). The 
screening analysis ultimately concluded that the seven criteria defining a Generic Issue have 
been met and there is justification for the further evaluation of this issue as a formal Generic 
Issue. Following internal and external coordination, the issue was officially declared as Generic 
Issue 204 in February 2012 (Ref. 10). 

The scope of Generic Issue 204 includes the flooding of nuclear power plant sites due to 
upstream dam failure and the effects on spent fuel pools. Nuclear power plant sites undergoing 
decommissioning with spent fuel still in the spent fuel pool are also within the scope of this 
issue.  Examination of the effects of downstream dam failures on the availability of the ultimate 
heat sink is not within the scope of Generic Issue 204 due to the different technical nature of the 
topic. A separate generic issue concerning the effects of downstream dam failures has been 
proposed and accepted into the Generic Issues Program (Ref. 11) as a PreGI.  

4. INFORMATION NOTICE RELATED TO DAM FAILURE FREQUENCIES 

Following the declaration of Generic Issue 204 in February 2012, the NRC issued Information 
Notice (IN) 2012-02, “Potentially Nonconservative Screening Value for Dam Failure Frequency 
in Probabilistic Risk Assessments,” dated March 5, 2012 (Ref. 12). IN 2012-02 notifies licensees 
of a potentially nonconservative screening value for dam failure frequency that originated in 
1980s reference documents and may have been referenced by licensees in their probabilistic risk 
assessment (PRA) for external events. Use of the nonconservative value may result in 
underestimating the risks to the plant associated with external flooding or loss of heat sink from 
the failure of upstream and downstream dams or levees. In particular, recent NRC reviews 
determined that the generic failure frequency estimate used in some external event PRAs 
combined generic information with site-specific screening criteria produced median values lower 
than those available based on published literature on latest dam risk assessment methodologies 
and assessments made by NRC staff. Therefore, these estimates provide an insufficient basis for 
estimating site-specific dam failure frequency. Moreover, use of a nonconservative screening dam 
failure frequency to evaluate the need for additional detailed analysis may result in 
underestimating the risks to the plant associated with external flooding or loss of heat sink from 
the failure of upstream and downstream dams or levees. The NRC expects that licensees will 
review the information in IN 2012-02 for applicability to their facilities and consider actions, as 
appropriate. The information contained IN 2012-02 formed a partial basis for submission of the 
Generic Issue proposal described in Section 3.2.  

5. LESSONS LEARNED FROM THE EVENTS AT FUKUSHIMA DAI-ICHI 

On March 11, 2011, a 9.0 magnitude earthquake struck off the coast of Japan, resulting in a 
tsunami estimated to have exceeded 45 feet in height. The tsunami resulted in extensive damage 
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to nuclear power reactors located at the Fukushima Dai-ichi site in Japan. In response, NRC staff 
has been engaged in a variety of activities to respond to and implement lessons learned from the 
events at Fukushima Dai-ichi. 

5.1. NRC RESPONSE TO LESSONS LEARNED THE EVENTS AT FUKUSHIMA 
DAI-ICHI 

Following the events at the Fukushima Dai-ichi site, NRC established a task force of senior 
agency experts referred to as the Near-Term Task Force (NTTF). The NTTF conducted a 
systematic and methodical review of the NRC regulations and processes and determined if the 
agency should make additional improvements to these programs in light of the events at 
Fukushima Dai-ichi. While Generic Issue 204 was identified prior to the events at Fukushima 
Dai-ichi, the screening assessment of Generic Issue 204 (designated PreGI-009 at the time) was 
ongoing at the time of the NTTF’s review. However, members of the NTTF were briefed by 
Generic Issue Program staff about the status and preliminary findings of the Generic Issue 
screening assessment.  

The NTTF’s report (Ref. 13) documents the results of their review. NRC staff further enhanced 
these recommendations following interactions with internal and external stakeholders.  NRC 
staff reviewed the recommendations within the context of the NRC’s existing regulatory 
framework and considered the various regulatory vehicles available to implement the 
recommendations. In the fall of 2011, the commission approved the staff's proposed actions, 
including the development of three information requests under 10 CFR 50.54(f). The information 
requests pertained to evaluation of seismic and flooding hazards as well as emergency 
preparedness. In addition to this commission direction, the Consolidated Appropriations Act, 
Public Law 112-074 (signed into law on December 23, 2011) contains the Energy and Water 
Development Appropriations Act, 2012.  Section 402 of the law requires a reevaluation of 
nuclear power plant licensees' design basis for external hazards.  

In response to the aforementioned NRC Commission and Congressional direction, the NRC 
issued a request for information to all power reactor licensees and holders of construction 
permits under 10 CFR Part 50.54(f) on March 12, 2012 (Ref. 1). Among other requests, the 
March 12, 2012, 10 CFR 50.54(f) letter requires that respondents reevaluate flooding hazards at 
their nuclear power plant sites using updated flooding hazard information and present-day 
regulatory guidance and methodologies.  The required reevaluation of flood hazards includes 
evaluation of the potential for dam failures to cause floods at the sites. Potential dam failure 
mechanisms that must be evaluated include seismic dam failure, hydrologic failure due to a large 
inflow event (e.g., due to overtopping), and failures from other causes such as seepage and 
piping, degradation, and latent design, construction, or maintenance errors. The latter flood 
mechanisms are often referred to as “sunny-day” failures to distinguish the failure mechanisms 
from those associated with adverse weather conditions. 

As described in Section 3.1, the seven criteria defining a Generic Issue are continuously applied 
and an issue will exit the Program if it is found at any time to fail any one of the seven criteria. In 
the case of Generic Issue 204, it was determined that the third criterion was no longer met due to 
agency actions in response to lessons-learned following the events at Fukushima Dai-ichi. As a 
result, the Generic Issues Program transferred responsibility for resolution of Generic Issue 204 
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to the Japan Lessons Learned Project Directorate (Ref. 14), which is a group of NRC staff in 
NRR dedicated exclusively to implementation of lessons learned from the events at Fukushima 
Dai-ichi. The Japan Lessons Learned Project Directorate is assisted by technical staff from 
around the agency. The Generic Issues Program will continue to track the progress of the issue 
and if it is determined that the full scope of Generic Issue 204 is not addressed by agency actions 
in response to lessons learned from the events at Fukushima Dai-ichi, the unaddressed scope will 
return to the Generic Issues Program for resolution. 

5.2. CURRENT STATUS AND ONGOING ACTIVITIES RELATED TO 
EVALUATION OF DAM FAILURES 

While existing regulatory guidance addresses external flooding from upstream dam failures (see 
Section 2 of this paper), NRC staff is publicly engaging external stakeholders to develop 
supplemental guidance on the reevaluation of the contribution of potential upstream dam failures 
to external flood hazards.  In particular, the Nuclear Energy Institute (NEI) is working to develop 
a white paper that describes how dam failure should be considered when reevaluating flood 
hazards in response to NRC’s March 12, 2012 10 CFR 50.54(f) letter (Ref. 1).  NRC staff has 
reviewed multiple drafts of the white paper and engaged with NEI at numerous public meetings 
to discuss the approaches and technical content of the paper.  

NRC regulates a small number of dams, most of which are associated with cooling reservoirs on 
nuclear power plant sites and uranium mills dams. However, most dams with the potential to 
flood nuclear power plant sites are regulated and  operated by agencies external to the NRC, 
including the United States Army Corps of Engineers, the Federal Energy Regulatory 
Commission, the Bureau of Reclamation, multiple state and local governments, and private 
organizations. As a result, there are potentially significant differences between these dams with 
respect to (1) the design and review standards used in construction, (2) the maintenance and 
rehabilitation regimes, and (3) the availability of dam-specific information (e.g., information 
about the design, construction, and condition of dams). At the time this paper is being written, 
NRC staff is engaged with representatives of the Interagency Committee on Dam Safety 
(ICODS) to help facilitate the efficient and effective review and, if appropriate, the transfer of 
information related to dams that may pose a flood hazard to nuclear power plant sites. 

6. EFFECT OF ONGOING ACTIVITIES ON LICENSING OF NEW REACTORS 

The majority of actions described above pertain to the reevaluation of flood hazards posed by 
upstream dams for operating nuclear power plant sites. However, due to the formal declaration of 
Generic Issue 204, the issue must also be addressed by applicants for new licenses. New reactor 
license applications submitted under 10 CFR Part 52 or Part 50 process as well as applications 
for design certifications must propose technical resolutions of all relevant Generic Issues that are 
identified in the version of NUREG-0933, “Resolution of Generic Safety Issues,” (Ref. 15) that 
is current on the date up to six months before the docket date of a new reactor application. 
Therefore, all new license applicants must address declared Generic Issues (including Generic 
Issue 204) even if the issue is under evaluation and has not been completely resolved by the 
Generic Issues Program or other regulatory programs or processes.  
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