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MEMORANDUM TO: Benjamin Beasley, Chief 

Operating Experience and Generic Issues Branch 
Division of Risk Analysis 
Office of Nuclear Regulatory Research 

 
FROM: Fernando Ferrante /RA/ 

Probabilistic Risk Assessment Operational Support Branch 
Division of Risk Assessment 
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SUBJECT: PROPOSAL OF A GENERIC ISSUE RELATED TO THE EFFECT 

OF DOWNSTREAM DAM FAILURES ON NRC LICENSED 
FACILITIES 

  
  
INTRODUCTION  
  
The purpose of this memorandum is to propose a Generic Issue related to the effect of 
downstream dam failures on the availability of cooling and service water at operating 
commercial nuclear power plant sites.  Based on recent event experience and revision of 
analyses related to the likelihood and impact of dam failures by the United States Nuclear 
Regulatory Commission (NRC) and by licensees, it is believed that the state of knowledge has 
changed sufficiently to warrant an evaluation by the Generic Issues Program.  
  
TECHNICAL ISSUE  
  
Sources of cooling water for normal and/or emergency operations at some nuclear power plant 
sites are provided by reservoirs formed by onsite or offsite dams that block a river/stream or 
create an onsite lake or pond.  In such cases, failure of the dam could affect the ability of 
cooling water systems to perform their intended functions (e.g., control of various heat loads via 
the ultimate heat sink).  The loss of heat sink due to failure of one or more dams differs from 
other postulated events that can cause the loss of a heat sink (e.g., clogging of intake screens 
or failure of individual components) due primarily to differences in the capability of a site to 
recover from the event (e.g., it may be possible to remove obstructions blocking an intake 
screen but it is not possible to immediately replace a failed dam).     
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Depending on specific plant characteristics (e.g., availability of sources for cooling water and 
configuration of plant intake systems) and concurrent conditions, non-recoverable loss of 
ultimate heat sink could significantly challenge the ability of a plant to prevent and/or mitigate 
accident scenarios involving or leading to an inability to cool safety-related heat loads within the 
plant.  Thus, there is a potential for a significant risk contributor related to loss of ultimate heat 
sink via failure of a dam that impounds cooling water with adverse consequences to the plant.  
  
REGULATORY FRAMEWORK  
  
General Design Criterion 44 of Appendix A to 10 CFR Part 50 (“Cooling Water”) states:  
  

A system to transfer heat from structures, systems, and components important to safety, 
to an ultimate heat sink shall be provided.  The system safety function shall be to 
transfer the combined heat load of these structures, systems, and components under 
normal operating and accident conditions.  
  
Suitable redundancy in components and features, and suitable interconnections, leak 
detection, and isolation capabilities shall be provided to assure that for onsite electric 
power system operation (assuming offsite power is not available) and for offsite electric 
power system operation (assuming onsite power is not available) the system safety 
function can be accomplished, assuming a single failure.  

  
General Design Criterion 2 of Appendix A to 10 CFR Part 50 (“Design bases for protection 
against natural phenomena”) states:  
  

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.  

  
Regulatory guidance related to the capability of cooling water to provide ultimate heat sink 
function is contained in Standard Review Plan (SRP) section 9.2.5 (“Ultimate Heat Sink”), which 
provides guidance for NRC staff to use when reviewing water sources that make up the ultimate 
heat sink to ensure that they are capable of performing their safety functions.  SRP Section 
9.2.5 interfaces with SRP sections 2.4.1-2.4.14, which deal with review of ultimate heat sink 
water levels, water control structures (including dams), meteorological and natural phenomena 
criteria, and transient analysis of the cooling water inventory.  Section 9.2.5 also interfaces with 
sections of the Standard Review Plan that address seismic classification and review of the 
design, analysis, procedures, and criteria establishing the capability of seismic category I 
structures.  Related guidance is also provided in section 2.4.11 (“Cooling Water Supply” and 
“Lower Water Considerations”) and section 6.2.2 (“Containment Heat Removal Systems”).  
 
Dams are susceptible to a variety of failure mechanisms, several of which could be initiated by 
large natural events, such as earthquakes and floods.  In general, NRC guidance applicable at 
the time that most plants were licensed treated these external hazards deterministically.  This 
deterministic guidance applied to plant structures, systems, and components and to the safety 
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assessment of the water control structures within the site (onsite), as well as the impact of dams 
upstream and downstream of the site (offsite).  While there is regulatory guidance related to 
seismic and hydrologic dam failure modes, guidance for other common failure modes (e.g., 
internal erosion) is relatively limited.  
  
CHANGES IN AVAILABLE INFORMATION  
  
Onsite and offsite dams are susceptible to failure from a variety of mechanisms, such as 
overtopping due to severe flooding, earthquakes, internal erosion, degradation, mechanical 
malfunctions, operational deficiencies, or combinations of multiple mechanisms.  Due to revision 
of analyses and the availability of a higher quality and a larger quantity of data, estimates of the 
frequency and magnitude of these initiators has changed for some sites.  Additional information 
is provided below.  
  
Seismic Initiators  
  
New seismological data and models have resulted in increased estimates of the seismic hazard 
at some nuclear power plant sites.  The risk associated with this increase was evaluated for 
existing plants in the Central and Eastern United States under Generic Issue 199, “Implications 
of Updated Probabilistic Seismic Hazard Estimates in the Central and Eastern United States on 
Existing Plants” (USNRC 2010a).  The scope of Generic Issue 199 is limited to the assessment 
of risks associated with nuclear power plant sites. Agency experience due to the earthquake 
affecting the North Anna Power Station in August 2011 (USNRC 2011a), coupled with agency 
activity following the accident at the Fukushima Dai-ichi Nuclear Power Plant (USNRC 2011b-c), 
has led to an effort to revisit the adequacy of the current regulatory framework with respect to 
natural phenomena.  Additionally, these events have highlighted the potential impact due to the 
correlation between severe natural phenomena (e.g., an earthquake large enough to cause 
damage to water retaining structures as well as a nuclear power plant site).  
  
Flooding  
  
As described above, overtopping due to severe flooding is a potential failure mechanism for 
large water impounding structures, and accounts for approximately one-third of all dam failure 
events (ASDSO 2011).  Recent revisions by several licensees have indicated that flood 
estimates at sites and/or dams are larger than previously calculated.  This experience suggests 
that, for some sites, existing design basis flood estimates (which affect both the site and the 
dams impounding cooling water) may not be bounding.  For example, revised flood estimates at 
Oconee Nuclear Station due to failure of the upstream Jocassee Dam are significantly in excess 
of previous estimates (USNRC 2006).  The increase in flood estimates can impact not only the 
site but could also affect the dams that impound Lake Keowee.  The Tennessee Valley Authority 
(TVA) recently revised flood calculations and found that past calculations did not reflect the 
current river configuration, and that some of the assumptions used in the calculations were 
incorrect.  TVA's preliminary hydrology re-analyses indicated that the current licensing basis did 
not bound the re-analyses results (USNRC 2010b).  These results may affect both TVA-
operated nuclear power plant sites and a dam located along the river, which impounds plant 
water supplies. Furthermore, while not directly affecting a cooling water impoundment, new data 
has also become available related to flood levels at Fort Calhoun Station. This data indicates 
flood levels could be higher than evaluated previously (USNRC 2009).  
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Empirical Estimates of Dam Failure Frequency  
  
As described above, dam failures result from a variety of failure modes, including internal 
erosion and foundation defects, which account for approximately half of all dam failure events 
(ASDSO 2011).  Significant internal agency discussions have taken place on the issue of 
estimating credible dam failure rates. For example, recent work by NRC staff (e.g. Ferrante et 
al., 2011) used available databases to compute an empirical estimate of dam failure frequency.  
The analyses indicate that the frequency of dam failure events may be larger than reported in 
past NRC and industry reports aimed at screening for the consideration of natural phenomena 
in vulnerability studies (e.g. see USNRC 1987, USNRC 2002). In some cases, these potentially 
nonconservative estimates of dam failure frequency used in these vulnerability studies were 
carried forward to subsequent risk analyses. Additionally, while data available in these 
databases are useful in identifying failure mechanisms and performance insights as well as 
approximate generic dam failure rate estimates, these may not provide sufficient basis for site-
specific estimates or to screen out the contribution of external flooding sources or loss of 
ultimate heat sink to the overall plant risk.  By including a large population of dams with a wide 
variety of features, the resulting failure frequency may or may not be appropriate for any one 
specific dam or nuclear power plant site.   
  
PLANTS AFFECTED BY THE PROPOSED GENERIC ISSUE  
  
For this proposal, NUREG-0965, “NRC Inventory of Dams,” was used to determine the potential 
generic applicability of the issue (i.e. the applicability of the issue to two or more facilities).  
NUREG-0965 lists multiple currently operating nuclear power plant sites with onsite dams that 
impound normal cooling water.  The source of emergency cooling water for these sites is often a 
seismic category I impoundment formed by a submerged or partially submerged dam within the 
larger principal reservoir.  It is noted in NUREG-0965 that several of the onsite non-seismic 
category I dams are licensed by a state agency rather than by the NRC. NUREG-0965 also lists 
operating nuclear power plants with offsite dams impounding normal and/or emergency cooling 
water.  The offsite dams are regulated by external authorities rather than by the NRC.  
  
SEVEN CRITERIA DEFINING A GENERIC ISSUE  
  
A Generic Issue is a well-defined, discrete technical or security issue, the risk and/or safety 
significance of which can be adequately determined, and which meets seven specific criteria.  
These criteria are listed below, along with an explanation for how the proposed Generic Issue 
meets each criterion.  
  
1. The issue affects public health and safety, the common defense and security, or the environment.  
  
The non-recoverable loss of ultimate heat sink and service water as a result of a dam failure 
could potentially lead to core damage, depending on site characteristics and concurrent 
conditions.  Based on revised hazard estimates and reassessment of dam failure frequencies, 
the probability of such an event may be higher than previously believed.  
  
2. The issue applies to two or more facilities and/or licensees/certificate holders, or holders of other 
regulatory approvals.  
  
As demonstrated by a review of NUREG-0965, there are 22 nuclear power plant sites with a 
total of 39 operating commercial nuclear reactors that rely on onsite and/or offsite dams or 
embankments to impound normal and/or emergency cooling water.  
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3. The issue cannot be readily addressed through other regulatory programs and processes; existing 
regulations, policies, or guidance; or voluntary industry initiatives.  
  
Existing regulatory guidance utilizes a deterministic approach to address seismic and hydrologic 
dam failures.  Regulatory guidance related to other failure modes is sparse.  Recent NRC 
analyses indicated that risk assessments used in IPEEEs and other risk-based efforts may have 
used a potentially nonconservative failure frequency for dam failure events.    
  
4. The issue can be resolved by new or revised regulation, policy, or guidance.  
 
It is possible to develop regulations, policy, or guidance that requires appropriate hazard 
analysis due to failure of structures impounding cooling water, and, if required, mitigation of the 
associated risks. For plants where a risk assessment shows downstream dam failure to be a 
significant contributor to overall plant risk, NRC regulations could be amended to require 
specific actions (e.g., inspections, surveillances, structural enhancements).  If justified, backfits 
could be imposed on affected plants to provide reasonable assurance of adequate protection of 
public health and safety from the potential for downstream dam failures.  
  
5. The issue's risk or safety significance can be adequately determined (i.e., it does not involve 
phenomena or other uncertainties that would require long-term studies and/or experimental 
research to establish the risk or safety significance).  
  
The effect of loss of heat sink/service water on a plant has been modeled in existing 
probabilistic risk analyses. Preliminary research related to dam failure frequency and other 
hazard estimates are available, though in need of further evaluation.  Compilation of existing 
analyses with improved hazard/frequency estimates will facilitate the resolution of the issue.  
  
6. The issue is well-defined, discrete, and technical.  
  
The issue proposes a specific event and a logical and plausible condition of increased risk.  The 
risk involves a plausible consequence of an uncontrolled release of radiologic material at levels 
hazardous to the public due to non-recoverable loss of heat sink and service water following a 
dam failure event.  
  
7. Resolution of the issue may potentially involve review, analysis, or action by the affected 
licensees, certificate holders, or holders of other regulatory approvals.  
  
If further analysis under the Generic Issues Programs results in a conclusion of higher than 
acceptable risk due to non-recoverable loss of heat sink and service water as a result of dam 
failure, it may result in regulatory actions affecting licensees.  
 
RECOMMENDATION  
  
Given that this proposed Generic Issue appears to meet the above seven criteria, it is 
recommended that the Generic Issues Program examine the effects of downstream dam 
failures on nuclear power plant sites. It is also recommended that the Generic Issue evaluation 
consider the effects of downstream dam failures on other NRC licensed facilities, if applicable.   
  
During the conduct of the evaluation, it should be noted that NRC’s Near-Term Task Force 
Review of Insights from the Fukushima Dai-ichi Accident has provided suggestions for follow-up 
actions involving external flooding issues related to (i) reevaluations of flood hazard 
considerations against current NRC requirements and guidance, and (ii) performance of flood 
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protection walkdowns to identify and address plant-specific vulnerabilities. Additionally, SECY 
11-0137, “Prioritization of Recommended Actions to be Taken in Response to Fukushima 
Lessons Learned,” also identifies loss of ultimate heat sink as an additional issue warranting 
further consideration and potential prioritization. Hence, it is also requested that the Generic 
Issues Program consider the concurrent impact of activities related to the Near-Term Task 
Force Review during the review and planning for efficiency, transparency, and timeliness 
considerations.  
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