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7.2 NATURAL PHENOMENA 
 
7.2.1 Introduction 
 
The difficult lessons from the Fukushima Daiichi event evidence the need to consider 
that the improbable can become reality. Following that event, globally nuclear plants 
have begun to re-evaluate their design bases to prepare for events that once were 
considered not to be credible. 
 
Much of reactor safety analyses are predicated on limited failures of safety equipment 
and structures. Many times gross reduction in plant capabilities due to natural 
phenomena has not been considered as credible. Events in both Japan and the United 
States indicate that natural phenomena can pose a much greater risk than that which 
was initially assumed. This chapter describes various forms of environmental risks, cites 
pertinent examples of actual acts of natural phenomena and describes the lessons 
learned.  
 
Environmental risks for nuclear power plants include: 
• Earthquake and Tsunami 
• Flooding 
• Hurricane 
• Tornado 
 
NRC analyses from the past assume an event occurs at a single unit even though multiple units 
are on the same site. Recent events indicate that natural phenomena can adversely event 
multiple units at one location and the NRC is revaluating the risks at multiple unit plants. 
 
7.2.2 Risks from Natural Phenomena 
 
Environmental phenomena may severely curtail or disable safety-related and 
engineered safe guard systems principally by creating blackout conditions. A 
simultaneous loss of onsite and off-site emergency AC power sources complicates or 
prevents reactor cooldown and long term heat removal. Under blackout conditions, the 
time of operation of isolation condensers and steam turbine driven cooling systems is 
severely limited due to the diminishing battery power that keeps motor-operated 
isolation and turbine control valves open. The integrity of irradiated fuel inside the 
reactor and spent fuel pools is predicated upon sustained cooling and reactor safety is 
dependent on redundant fuel and primary containment cooling systems. Safety 
analyses may assume that failed equipment will be backed-up by redundant safety 
features. The earthquake and subsequent tsunami at the Fukushima Daiichi facility 
provided a poignant lesson that natural phenomena may disable all cooling of irradiated 
fuel and the primary containment. 
 
A sustained loss of all cooling to a reactor plant can lead to: 
• Loss of fuel cladding integrity in the reactor or spent fuel pool 
• Hydrogen formation due to zircaloy hydriding 
• Formation of corium 
• Containment breach by explosion or corium migration 
• Ground level unmonitored release of radiation 
• Prolonged contamination issues 
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Even a cursory review of natural phenomena operating experience readily evidences 
that exceptionally severe acts of nature may yield results that are frequently 
unanticipated in nuclear reactor designs. 
 
7.2.3 Regulatory Requirements 
 
General Design Criteria 2, the “Design Bases for Protection Against Natural 
Phenomena” of 10CFR50 Appendix A is the foundation for environmental protection 
against adverse natural phenomena. 
 
US commercial facilities were tasked with revaluating their vulnerability to external 
events in Generic Letter (GL) 88-20 and its multiple supplements. GL 88-20 required 
improvements where feasible for severe accidents. 
 
GL 88-20 called for improvements in separation of redundant equipment and 
improvements to support systems. Subsequent to the Fukushima Daiichi event the NRC 
has tasked the Licensees to take further action to reduce their vulnerability to natural 
phenomena. Additionally, the NRC issued EA-02-026 requires licenses to adopt 
mitigation strategies for large scale events with the potential to fail fuel and / or generate 
a release to the public. Nuclear Energy Institute (NEI) 06-16 as endorsed by the NRC 
provides guidance as per: 
• Adding make-up water to the SFP 
• Spraying water on the spent fuel 
• Enhanced initial command and control activities for challenges to core cooling and 

containment 
• Enhanced response strategies for challenges to core cooling and containment. 
 
The NRC has taken actions as follows at each reactor site: 
1. verification of the capability to mitigate conditions that result from severe adverse 

events, including the loss of significant operational and safety systems due to natural 
events, fires, aircraft impact and explosions 

2. verification of the capability to mitigate a total loss of electric power to a nuclear 
power plant 

3. verification of the capability to mitigate flooding and the impact of floods on systems 
inside and outside the plant 

4. identification of the potential for loss of equipment functions during seismic events 
appropriate for the site and the development of mitigating strategies to address 
potential vulnerabilities 

 
One advantage among US commercial nuclear licensees is the additional defense in 
depth adopted after the September 11th 2001 terrorist attacks. These mitigation 
measures are commonly referred to as the B.5.b actions. These measures would deal 
with the loss of large areas of the plant, including the use of portable equipment to 
provide some level of core cooling, spent fuel pool cooling and / or maintenance of 
containment integrity. They provide an additional level of mitigation capability that may 
be of assistance in the event of a significant accident similar to Fukushima. 
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7.2.4 Earthquakes and Tsunamis 
 
Many earthquakes occur in the vicinity of reactor sites; however, the vast majority are of 
such low acceleration energy that they are negligible. Despite the systematic 
underestimation of their peak design seismic values, plants have responded well when 
those seismic values are actually exceeded.  
 
Internationally seismic events have exceeded (and some grossly exceeded) the highest 
calculated values for the energy released by design bases earthquakes at nuclear 
facilities. Repeatedly, the design seismic values for safety analyses have 
underestimated the actual strength of seismic events that have occurred at reactor 
plants. The NRC has concluded that the likelihood of exceeding the seismic values in 
plants’ design may be higher than initially understood. In 2012, the NRC stipulated that 
Licensees in the Midwest, Central and Mideast portions of the US re-evaluate their risk 
to earthquake damage (7.2-2). New seismic core damage frequency (SCDF) estimates 
for individual plants are generated from revised seismic hazard and plant level fragility 
curves. The New Madrid area and South Carolina face the greatest risk of seismic 
activity (Figure 7.2-1). 
 
Major earthquake events affecting commercial nuclear reactor facilities include 
Fukushima Daiichi, Kashiwazaki Kariwa and the North Anna station. Japan provides 
considerable seismic operational experience as Japan sits atop four separate tectonic 
plates. In 2004, 2005, 2007, 2009 and 2011 Japanese reactors shut down automatically 
due to ground acceleration exceeding their trip settings.  
 
Subsequent to the Fukushima Daiichi event, the NRC has re-evaluated the 
preparedness of licensed reactor facilities to meet the challenges of environmental 
events. In support of early site permits for new reactors, the NRC staff reviewed 
updates to the seismic source and ground motion models which identified higher 
seismic hazard estimates than those initially provided by pre-existing plant(s) at an 
affected or nearby site(s). The likelihood of exceeding the seismic hazard values used 
in plant design and in previous evaluations may be higher than previously understood. 
 
The Richter scale is a popular measure of the total energy released during an 
earthquake. Richter magnitudes express the shaking amplitude of an earthquake in a 
logarithmic scale. The shaking amplitude measures the surface wave magnitude. 
 
One commonly employed reactor safety design measure for an earthquake in 
expressed in magnitudes of “g”. 1g is equal to the acceleration due to gravity at the 
earth’s surface. For seismic measurements the value “g” describes the peak ground 
acceleration (PGA) in any direction resultant from an earthquake. Typically reactor 
facilities are designed to withstand 0.2g to 0.3g. Unlike the Richter scale, peak ground 
acceleration is a measure of how much the earth shakes. PGA is frequently used in 
analyses of BWR design. 
 
Another method, cumulative average velocity (CAV) is another useful measure since it 
measures displacement and duration of a seismic event. Some plants use the CAV 
method for earthquake analyses. 
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Few commercial plants have automatic ground acceleration scrams. However sufficient 
acceleration may cause a turbine trip due to a turbine thrust bearing wear signal. At 
sufficiently high reactor power, the turbine trip will cause a reactor scram. 
 
The new construction earthquake engineering criteria for nuclear power plants are 
stipulated in 10CFR50 Appendix S. Plants. For plants with construction permits issued 
before January 10th 1997 have earthquake engineering criteria in 10CFR50 Appendix A. 
GDC 2. NUREG-2115, The Central and Eastern United States Seismic Source 
Characterization for Nuclear Facilities model and report replaces previous seismic 
source models used by industry and government since the late 1980s. The new 
information in NUREG 2115 includes geologic and quake data in the eastern U.S. 
dating to 1568. Licensees must re-evaluate their risk using the seismic models of 
NUREG-2115. 
 
7.2.4.1 The Great East Japan Earthquake and Tsunami 
 
On March 11, 2011 a Richter magnitude scale 9.0 earthquake struck off the east coast 
of Honshu, Japan. The Fukushima Daiichi plant was most affected by the event, 
however three other sites (Fukushima Daiini, Onagawa and Tokai) were affected as 
well. The Onagawa site had a fire in a turbine building. All three units at Onagawa were 
in cold shutdown when the earthquake occurred. The four units at Fukushima Daiini site 
and the single unit at Tokai were shutdown safely. 
 
Operationally significant earthquake events have also occurred at Kashiwazaki Kariwa, 
Kalpakkam, Diablo Canyon, Humboldt Bay and the North Anna facilities. 
 
7.2.4.1.1 Fukushima Daiini 
 
The seismic activity was nearly insignificant to Fukushima Daiini inasmuch as the 
earthquake was within or nearly within the design peak ground isolation. However, the 
subsequent tsunami jeopardized reactor safety. Fukushima Daiini sustained a loss of 
the ultimate heat sink (UHS) at three of its four units due to tsunami related flooding of 
seawater pumps. During the loss of UHS the affected reactors were cooled using the 
reactor core isolation cooling (RCIC) systems. Cooling water was not available to the 
main condensers; therefore main steam turbine bypass cooling was not available. 
Without seawater cooling, the residual heat removal (RHR) systems could not provide 
suppression pool cooling. The containment pressures at the affected plants began to 
rise when the suppression pools reached saturated conditions. The flooded seawater 
pumps were restored to operation between 36 and 48 hours after the event. The site did 
not lose AC power and cooling was restored to the residual heat removal (RHR) heat 
exchangers before core damaged occurred. The seawater pumps also cool the 
emergency diesel generators. Had offsite power been lost during this event, reactor 
safety would likely have been comprised similarly to the Fukushima Daiichi plants. 
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7.2.4.1.2 Fukushima Daiichi 
 
The Fukushima Daiichi units 1 through 4 responded as expected for the seismic event. 
The earthquake caused a loss of offsite power. However, the subsequent flooding from 
the tsunami resulted in the prolonged loss all offsite and local emergency AC power to 
Units 1 through 4. Units 5 and 6 were not extensively damaged. 
 
The Fukushima Daiichi earthquake caused an environmental disaster that: 
• failed fuel in some of the reactors and spent fuel pools 
• breached the primary containment of at least one of the plants 
 
The loss of power prevented cooling of four Fukushima Daiichi plants causing fuel 
melting and corium migration. Unit 1 through 3 had core in their respective reactor 
pressure vessel. Unit 4 had off-loaded their entire core into the spent fuel pool. The 
event led to a significant unmonitored release of radioactive material. Early 
measurements suggest that the affected region will sustain a radiation legacy far into 
the future. The fuel inside failed cladding and fuel exposed in corium are susceptible to 
corrosion in seawater. The uranium ceramic that forms the fuel is nearly insoluble in 
water. The oxidizing action of salt water and radiation can form hydrogen peroxide that 
can then interact with the uranium oxide to form a molecular structure that is soluble. 
Hence, the transport of soluble uranium and radioactive isotopes is a concern at the 
damaged reactor cores. 
 
The Fukushima Daiichi plants’ seismic safety analyses did not anticipate such a 
powerful earthquake inasmuch as an earthquake of that magnitude had never been 
recorded in the history of Japan. The analyses also assumed that the tsunami 
protection wall would prevent any tsunami from damaging the plant. The synergetic 
effect of the earthquake and facility flooding indicate planning deficiencies. For example, 
small AC generators located in the upper levels of the reactor buildings may have 
survived the tsunami and limited the challenges to core integrity. 
 
The Japanese government's worst-case scenario at the height of the Fukushima Daiichi 
crisis last year warned that tens of millions of people, including Tokyo residents would 
have to be evacuated. Fortunately, the emergency’s management precluded the need 
to evacuate Tokyo. Authorities evacuated 59,000 residents within 12 miles of the 
Fukushima Daiichi plant, and later thousands more were evacuated from other towns. 
Some previously populated areas near the Fukushima Daiichi site have become 
exclusion zones. Decommissioning of the damaged reactors may take as many as 30 
years to complete. 
 
At the onset of the accident, there was concern that the crisis could escalate via 
explosions inside the reactors, complete meltdowns and / or the structural failure of 
cooling pools used for spent nuclear fuel. The radiation dose rates at the Fukushima 
Daiichi site were low enough to allow plant operators to formulate and implement 
irradiated fuel cooling. 
 
7.2.4.2 Kashiwazaki Kariwa Earthquake 
 
Government approval allowed construction of the Kashiwazaki Kariwa units very close 
to what is now perceived to be a geological fault line. A 6.6 Richter magnitude Chuetsu 
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offshore earthquake occurred on July 16, 2007, which caused vibratory ground 
accelerations in considerable excess of design limits. Peak ground acceleration reached 
as high as 0.69g. The earthquake epicenter was 15 miles from the Kashiwazaki Kariwa 
plant. The major and immediate effects of the earthquake were: 
• An offsite power transformer fire at Unit 3 that was extinguished within 2 hours of the 

event 
• Low level radiation release form shifting of plastic drums of low level radwaste 
• Low level radiation release from spent fuel water that splashed into a drainage 

system 
• Several small leaks with negligible radioactive content 
• Statistically insignificant iodine release (10 millionth of the legal limit) 
 
Given that actual peak ground acceleration limits were excessively exceeded in several 
directions, the actual damage to safety systems was surprisingly insignificant The plants 
remained shutdown for 16 months of detailed structural inspection and were individually 
restarted. A comprehensive in-core inspection was performed. An International Atomic 
Energy Agency (IAEA) inspection found that there was no visibly evident damage to 
safety systems. The large reactor buildings concrete basemats suspended in sand 
above bedrock is largely credited for preventing safety system damage from excessive 
peak ground acceleration. An elastic response to seismic activity was designed at all 
building elevations. The IAEA report credits that original safety analyses were made 
with a great deal of uncertainty about seismic activity and hence important features 
have very significant seismic safety margins.  
 
Some non-safety systems received significant damage and required extensive repairs. 
Examples of that damage include: 
• Ruptured water tanks 
• Side wall buckling 
• Anchor bolts broken 
• Transformer connecting bus bar shift 
• Fire protection piping rupture 
 
The Kashiwazaki Kariwa seismic analyses have all been revised using improved 
methods. All seven units have become more resistant to earthquakes due to extensive 
reinforcement of susceptible structures. 
 
A 6.0 Richter magnitude Chuetsu offshore earthquake occurred on November 4th, 2004. 
The event did not trigger any of the plant’s automatic ground acceleration scram 
functions. No significant safety effects were identified. To improve seismic defense, pipe 
supports have been reinforced. The roofs of the reactor buildings were reinforced using 
trusses. A seismic isolated facility was built to house the emergency response and 
communications facility. The seismic-isolated buildings feature an earthquake-proof 
structure in which a rubber or flexible soft material (antiseismic device) placed between 
the building and the ground foundation absorbs earthquake tremors. The site 
employees were re-trained to respond to seismic activity and are subject to drills 
simulating earthquakes. 
 
There is evidence of a previously unknown fault line near the Kashiwazaki Kariwa site. 
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7.2.4.3 Kalpakkam Earthquake and Tsunami 
 
On December 26th 2004, a massive earthquake in the ocean near Sumatra created a 
large tsunami. The tsunami travelled to the east coast of India and reached the two unit 
Kalpakkam nuclear site. The tsunami forced water into the plants’ seawater intake 
structure. All but one of the circulating and service water pumps was tripped. All the 
emergency seawater pumps were flooded as well. Fortunately off-site power was 
available and despite the limited access to the ultimate heat sink the reactors were 
shutdown and adequately cooled. 
 
7.2.4.4 North Anna Earthquake 
 
On August 8th 2011, North Anna experienced a Richter magnitude 5.8 earthquake with 
an epicenter about 11 miles away from the plant at a depth of 3.7 miles. A peak ground 
acceleration of 0.3g has been assumed which exceeds the design worst case limit of 
0.12g for structures located on top of rock and 0.18g for structures located on top of 
soil. The earthquake was of sufficient energy as to seriously damage the Washington 
Memorial in Washington, DC. 
 
The two unit site lost offsite power as a result of trips of the station service transformers 
and all but one of the emergency diesel generators (EDGs) responded as designed. 
The 2H EDG experienced a significant cooling leak on a gasket. The Station Black Out 
(SBO) diesel, which starts automatically on loss of offsite power, was aligned to power 
the 2H bus.  
 
The direct cause for both the Unit 1 and Unit 2 reactor trips was initiation of the Nuclear 
Instrument (NIs) Power (PWR) Range Hi Flux Rate Reactor Trip. Both Unit 1 and Unit 2 
met the required coincidence of 2 out of 4 Power Range Nuclear Instruments (PRNI) 
with greater than a 5 % change in 2.25 seconds. Operating experience and testing 
associated with Japanese nuclear reactors indicates core reactivity changes can occur 
as a result of small changes in overall fuel geometry caused by earthquakes. This 
phenomenon would cause down power created by seismic vibrations disrupting the 
laminar sub-layer along the cladding wall resulting in rapid and transitory bubble bursts 
that would add negative reactivity due to the void defect. The down power corresponded 
with the start of seismic activity. 
 
25 of the 27 dry irradiated fuel storage casks shifted during the earthquake. The largest 
cask displacement was 4.5 inches. No safety systems were compromised by the 
seismic event. The notable non-safety structures damaged were: 
• a powdex demineralizer base pedestal 
• containment seal room interior wall cracking 
• limited non-structural concrete pad and roof vents for horizontal NUHOMS® storage 

modules 
 
North Anna has sustained over 100 aftershocks following the August 8th 2011 event. 
These aftershocks have not posed a threat to reactor safety. 
 
Days after the earthquake, North Anna and other east coast nuclear plants sustained 
high winds and heavy rain associated with Hurricane Irene. There was little evidence of 
an adverse synergism between the earthquake and hurricane events. 
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North Anna has made modifications to increase the plant seismic ruggedness. 
 
7.2.4.5 Diablo Canyon Earthquake 
 
The Diablo Canyon site experienced a 6.6 Richter magnitude earthquake on December 
22nd 2003. The earthquake’s epicenter was 30 miles distant from the site. Although the 
operators felt and recognized the earthquake the peak ground acceleration was less 
than 0.05g. The earthquake had no impact on reactor safety or equipment integrity. 
 
The peak ground acceleration near the epicenter was 0.47g. The licensee determined 
that the focal depth of the earthquake was 6 miles underground and the seismic event 
was present over a very large area (Los Angeles to San Francisco). The earthquake 
was followed by about 5600 aftershocks over the next five months. The 2003 
earthquake provided data used to better model earthquakes at Diablo Canyon. 
 
Diablo Canyon is sited near several fault lines. The nearby Hosgri fault line was 
discovered during the Diablo Canyon construction, necessitating extensive additional 
structural strengthening. The Hosgri fault line is about two and a half miles from the site. 
Improved detection technology facilitated the discovery of a new fault line offshore in 
2008. The shore line fault location is not precisely determined but is generally accepted 
to be within a mile of the site. 
 
7.2.4.6 Humboldt Bay Earthquake 
 
The Humboldt reactor was retired and pending decommissioning when a 7.1 Richter 
magnitude earthquake occurred about 30 miles from the plant on April 25th 1992. The 
earthquake was followed by two strong aftershocks on April 26th 1992 with a 6.5 and a 
6.7 Richter magnitude respectively. The motion of water in the spent fuel pool deflected 
the pool liner reducing the nominal gap between the pool liner and the concrete pool 
walls. The spent fuel pool level oscillated with greater than a 2.4 foot peak-to-peak 
amplitude. The liner gap water level had risen from a level of 0.35 feet above mean low-
low water level to a level of 2.4 feet, in violation of the Technical Specifications. The 
high water level in the spent fuel pool liner gap resulted from the deformation of the 10 
gauge stainless steel liner decreasing the volume of the liner gap. The deformation of 
the spent fuel pool liner was a result of and coincided with the strong motion of the 
water in the spent fuel pool. 
 
The spent fuel pool liner gap water level limit was established at an elevation of 0.75 
feet to prevent contamination of the groundwater by maintaining the liner gap water 
level lower than the groundwater level, thereby making the liner gap the collection point 
for both spent fuel pool leakage through the liner and groundwater leakage through the 
concrete walls of the spent fuel pool. 
 
The Humboldt Bay Unit 3 was fully or partially disconnected from its normal power 
supply following the initial earthquake and both aftershocks. In all three cases the power 
to the unit was restored before fuel integrity was challenged. 
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7.2.5 Flooding 
 
This section describes the challenges to nuclear sites through rising water level in rivers 
or other adjacent water features. Flooding due to tsunamis or hurricanes is described in 
other sections. 
 
Flooding at a nuclear station poses an electrical hazard when flood waters near any 
electrical yard. The loss of electrical sources complicates plant shutdown and cooling. 
High water can submerge pumps communicating with the ultimate heat sink, making 
some ESF systems and main condenser bypass cooling ineffective. Floodwaters 
entering the reactor and / or turbine buildings can lead to the loss of important cooling 
systems. Engineered safety system pumps are typically located in very low levels to 
help assure that net positive suction head is adequate to avoid cavitation.  
 
Floodwater may collect at the lower levels due to in-leakage from the exterior saturated 
soil through the building walls. Hence, degradation of equipment may be caused even 
though flood waters are not above grade. Water leaking through underground walls may 
impinge on electrical equipment or may enter radiologically controlled areas and spread 
contamination to other areas. Underground cable and pipe tunnels may become flooded 
and serve as pathways for water to enter plant buildings. 
 
Numerous Licensees have determined that the calculated maximum highest probable 
flood level is higher than the levels originally calculated. Older and recent operating 
experiences indicate that identification of problems that would complicate the responses 
to external flooding is ongoing still.  
 
7.2.5.1 Missouri River Flooding 
 
2011 was one of the wettest winters in over 100 years along the Missouri River valley. 
The Missouri River began to swell and exceeded its normal banks, covering the flood 
plain that is as wide as 20 miles in some locations. May of 2011 was another month of 
seemingly endless rain. In June of that year, the excess rain threatened the two 
Nebraska nuclear sites: 
• Fort Calhoun nuclear station 
• Cooper nuclear station 
 
Both sites abut the Missouri river. In addition to abnormally high rainfall, the plants are 
also affected by the release of floodwaters by the Army Corps of Engineers (ACE). The 
ACE was forced to release very large volumes of water in an effort to avoid levee 
failures. Nonetheless, several failed levees upstream of Cooper station posed an 
increased flooding hazard. ACE flood map projections indicated that both the Cooper 
and Fort Calhoun stations were in severe peril of major flooding. The ACE estimated 
that both plants could be submerged under 10 feet of water. The flood water levels at 
Cooper station (7.2-5) exceeded all previously recorded measurements. 
 
The alarm was particularly significant for Fort Calhoun (Figure 7.2-3), inasmuch as that 
facility had been recently cited for weaknesses in their flood protection. Fort Calhoun 
prepared a water filled berm surrounding (Figure 7.2-4) the plant for additional 
protection against flooding. The berm was eight feet tall and sixteen feet wide at its 
base, surrounding the reactor containment structure and auxiliary buildings. The 2000 
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foot long structure collapsed after it was torn by heavy equipment. The breach allowed 
Missouri River flood waters to reach containment buildings and transformers forcing the 
shutdown of offsite electrical power. Emergency diesel generators provided the power 
for cooling the irradiated fuel for the brief interruption of off-site power. Fort Calhoun first 
classified the emergent condition as a “Notification of Unusual Event” and later re-
classified it as an “Alert”. 
 
In July 1993, the Cooper station suffered flooding in-leakage into the turbine and reactor 
buildings. In places, the in-leakage exceeded the capacity of floor drains. Leakage into 
radioactive contaminated areas allowed the spread of contamination to cleaner areas as 
the flood waters moved between spaces. Underground cable tunnels flooded. Water 
leaked in and onto reactor core isolation cooling (RCIC) electrical components, leading 
to a ground in the 250 VDC system. 
 
The Cooper site was built above the flood plain, Fort Calhoun was not. 
 
7.2.5.2 Susquehanna River 
 
The Three Mile Island site is located on an island in the Susquehanna river south of 
Harrisburg Pennsylvania. The Peach Bottom and Susquehanna sites are also located in 
Pennsylvania, on the Susquehanna river. 
 
In September of 2011, the Susquehanna river level rose to a record flood level following 
the passage of tropical storm Lee. All three sites entered abnormal procedures but none 
were required to shutdown. A rock dike on the north end of three mile island protected 
the Three Mile Island plant from flooding, even though the crested flood height 
exceeded the previously calculated worst case height. The remainder of the island is 
protected by an earthen dike. There are additional flood barriers closer to safety-related 
equipment and buildings, and there are watertight measures that can be taken to keep 
water from getting inside safety-related equipment and buildings. 
 
Subsequent to the flooding, Three Mile Island confirmed that credible floods of the 
Susquehanna river exceeded the initial plant design basis flood. The newly calculated 
worst case flooding height is about four feet higher than previously determined. The 
consequences of the worst case flooding include a degraded capability to cooldown the 
plant and to maintain recirculation pump seal injection cooling following the expected 
loss of AC power. A plant modification installed a small backup, non-safety grade 
emergency diesel generator that will mitigate the effects of extreme flooding. Also, new 
flood doors, seals and hatches were installed to make the plant more leak proof.  
 
7.2.5.3 Le Blayais Site 
 
The four unit Blayais nuclear station is located on a river in wetlands near the ocean on 
the southern Atlantic coast of France. On December 27th, 1999 ocean water breeched 
protective sea walls with the rising tide, in confluence with very high winds. Although the 
flood crest affected all four units by submerging the site, only two units were seriously 
impacted. Some of the off-site power was lost and emergency diesel generators 
supplied power as designed. Several ESF type systems became inoperable. Essential 
service water pumps and electrical distribution panels inside the plant buildings were 
disabled by the flooding. The most affected units had exterior water levels of about one 
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foot in elevation. The actual river heights exceeded the highest design level. Although 
the flooding was significant, no fuel was damaged and there were no appreciable 
radioactive releases. 
 
7.2.6 Hurricanes 
 
Hurricanes pose a combination of threats to the safe operation of reactors. Hurricanes 
can destroy the infrastructure surrounding a nuclear site which leads to a loss of off-site 
power, external communication and physical access to off-site areas. Hurricanes pose 
the hazards of high wind speed. The wind can severely damage or even destroy some 
structures and can also develop missile hazards. A secondary and potentially 
devastating event is a storm surge that can cause extensive flooding. 
 
Numerous hurricanes have forced nuclear facilities to shutdown. Others have disrupted 
the travel of plant workers to and from the affected sites. Some hurricanes have caused 
a loss of off-site power to the affected plants. As follows are descriptions of hurricanes 
with a notable challenge to reactor safety. 
 
7.2.6.1 Hurricane Andrew and Turkey Point 
 
Hurricane Andrew is historic because this was the first time that a hurricane significantly 
affected a commercial nuclear power plant. The eye of the storm, with sustained winds 
of up to 145 mph and gusts up to 175 mph, passed over the Turkey Point site and 
caused extensive onsite and offsite damage (Figures 7.2-6 and 7.2-7). 
 
The Turkey Point operating station is located about 25 miles south of Miami, Florida. 
Two of the four generation plants at Turkey Point are nuclear powered. The Turkey 
Point area has sustained numerous tropical storms and hurricanes of varying strength 
including the category 4 (on a scale of 1 to 5) Hurricane Andrew on August 24th of 1992.  
 
Unlike some natural phenomena, Hurricane Andrew was anticipated at Turkey Point. 
Preparations were made and operators practiced applicable procedures on their control 
room simulator. Exterior equipment was either secured in place or brought into a 
building. Outage materials staged outside of the buildings were relocated to avoid 
missile hazards to a fuel oil tank that supplied emergency diesel generators. Sandbags 
were prepared to help secure equipment and drains were plugged to prevent surge 
water from backing up into the buildings.  
 
Before the hurricane arrived on site, the reactors were shutdown. The reactors were in 
the hot shutdown mode and each plant was cooling down using the residual heat 
removal systems. Initiating the reactors’ cooldowns was especially important because 
the main turbines, generators, condensers and ancillary equipment were located in the 
open air turbine buildings. An exposed turbine deck would prevent operator actions 
inside the turbine building in support for cooldown operations. Reducing the 
temperature early lessened the thermal load on the residual heat removal system. 
 
With the hurricane’s arrival with sustained high winds, both nuclear units lost off-site 
power. Emergency diesel generators started and supplied emergency AC power as 
designed. However, as the storm persisted, wind and water damaged some parts of the 
electrical systems. However, redundant safety-related equipment was unaffected and 
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reactor safety was not compromised. There was no damage to the safety-related 
systems except for minor water intrusion and some damage to insulation and paint. The 
security system and warehouse facilities sustained significant damage. The fire water 
system was severely damaged and became inoperable. Ductwork from the radioactive 
waste building to the vent stack failed due to hurricane generated missiles. There was 
no radioactive release to the environment. The units remained in a stable condition and 
functioned as designed. 
 
Off-site power was restored five days after the event. An estimated 2,500 trees and 
other hazards were removed to restore physical site access. Communications were 
initially restored using a radio. Helicopters delivered supplies to the isolated site. After 
the hurricane, the licensee had to take numerous extraordinary actions to establish a 
support services infrastructure (e.g., housing, food, water, and transportation) that 
would allow the staff to report to the plant each day. Hurricane Andrew left the area 
surrounding the Turkey Point site with very extensive damage. 
 
7.2.6.2 Hurricane Katrina and Waterford 
 
The Waterford plant is located in Louisiana about 20 miles west of New Orleans, next to 
the Mississippi river. Anticipating Hurricane Katrina, Waterford was shutdown. 
Waterford 3 is equipped with protective features against flooding, including a thirty-foot 
levee and water-tight compartment doors for safety-related equipment. Despite the 
extraordinary damage from the hurricane, Waterford 3 safely withstood the storm and 
storm surge up the Mississippi rivers. The expected landfall for Katrina shifted from the 
Florida panhandle to Louisiana and Mississippi. Although the expected landfall 
changed, Waterford 3 was prepared for the storm. 
 
Katrina had been reduced from a category 5 to a category 3 storm as it arrived at 
Waterford 3. As expected Waterford 3 lost off-site power and the emergency diesel 
generators started as designed. Power was lost when the reactor was in hot shutdown. 
In anticipation of the loss of offsite power and the need to rely on the emergency diesel 
generator onsite power supply, temporary portable diesel generators were brought 
onsite and installed with the capability of being manually connecting to one of the safety 
busses if its associated plant EDG was lost. Off-site power was restored two days later. 
 
Observing the lessons learned from Hurricane Andrew, Waterford 3 had satellite phone 
communications in service before the storm removed other forms of off-site 
communication. With regard to essential plant equipment, the site was essentially 
undamaged. 
 
The River Bend and Grand Gulf nuclear plants reduced power in anticipation of the 
storm and were not required to shutdown. They were essentially undamaged by the 
hurricane. 
 
7.2.6.3 Hurricane Isabel and Hope Creek 
 
Hope Creek is located on the Delaware river in southwest New Jersey. On September 
19th 2003 (after Hurricane Isabel had passed) the Hope Creek reactor shutdown on low 
RPV water level due to a loss of feedwater pumps. Two of the plant’s three feedwater 
pumps tripped due to a loss of feedwater pump lube oil pumps. The lube oil pump trips 
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were due to an unexpected transient in the switchyard. The transient was caused by the 
accumulation of salt on switchyard components as deposited by Hurricane Isabel. 
 
7.2.6.4 Hurricane Gustav and River Bend 
 
The Riverbend reactor was shutdown on September 1st 2008 in anticipation of the 
arrival of Hurricane Gustav. The hurricane damaged the main turbine building. Pieces of 
the turbine building siding and insulation debris were spread in the switchyard, 
potentially creating an electrical hazard. 70% of the turbine building siding was lost, 
including pieces that landed on the main transformer and main generator bus ducts 
(Figure 7.2-8). Subsequently it was determined that the siding was not installed to 
specification. 
 
7.2.7 Tornados 
 
Tornados have the ability to pose challenges to reactor safety inasmuch as they can 
concentrate enormous destructive power. There are between 650 and 1200 tornados 
per year in the United States. Although tornado damage has yet to compromise the safe 
operation of domestic nuclear reactors, some tornados have considerably complicated 
nuclear operations. 
 
7.2.7.1 Browns Ferry 
 
On April 27th, 2011 severe storms and tornados caused a loss of off-site power to the 
three units at Brown’s Ferry. The plants shutdown automatically and emergency diesel 
generators started and provided electrical power as designed. One off-site power 
source remained intact and was quickly reconnected to the Browns Ferry electrical 
systems. Dozens of tornadoes, including four EF5 storms damaged the Tennessee 
Valley Authority’s transmission system. EF5 is the strongest tornado rating on the scale 
used by the National Weather Service. EF5 tornados can reach wind speeds of 300 
mph.  
 
One tornado approached as close as seven miles to the Browns Ferry site. The extent 
of tornado damage included the loss of almost all high voltage transmission lines in 
north Alabama. The Brown Ferry emergency diesel generators kept running and 
provided power for five days after the tornados. 
 
An emergency diesel generator supporting shut down cooling at Unit 1 was lost for 47 
minutes because of voltage fluctuations caused by a leak in the hydraulic control 
system. The generator failure caused a partial primary containment isolation. Following 
the isolation, Reactor Operators became distracted while manually cooling down the 
Unit 1 reactor. The reactor was at saturated conditions and reactor water level lowered 
as the steaming rate exceeded the make-up rate. Subsequently, cooling water was 
restored to the reactor. The seven other emergency diesel generators on site operated 
successfully. Other equipment malfunctions on site included a failed diesel-driven fire 
pump and the security station emergency diesel generator failure. 
 
The widespread tornados killed over 200 people.  
 
The Browns Ferry reactors were restarted in May 2011. 
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7.2.7.2 Davis-Besse Unit 1 
 
A tornado touched down inside the Davis-Besse site on June 24th 1998. The emergency 
diesel generators were manually started and subsequently the tornadic winds caused a 
loss of off-site power. The main generator tripped on reverse power and the reactor 
scrammed on high reactor coolant system pressure. The tornado resulted in significant 
damage to the offsite electrical distribution system, telecommunications, power to the 
emergency sirens and other unfortified structures. The switchyard damage was repaired 
and the reactor was restarted five days after the tornado. 
 
7.2.7.3 Fermi Unit 2 
 
An EF1 tornado touched down near the Fermi site on June 6th 2010. Due to high winds, 
off-site power was interrupted and the main generator was tripped. The main turbine 
tripped as designed and the reactor scrammed automatically due to turbine control 
valve closure. Emergency diesel generators started automatically and restored power 
as designed. Damaged structures included the auxiliary building, turbine building roof, 
south turbine building roll up door and the cooling towers. The unit was re-started ten 
days after the event. 
 
7.2.7.4 Grand Gulf 
 
Grand Gulf Unit 1 experienced a severe storm on May 7th of 1984 when a reactor 
startup was in progress. The reactor was at 0% power and 107oF. The high winds led to 
a partial loss of off-site power when an electrical disconnect failed mechanically. The 
disconnect locking mechanism failed and allowed the disconnect to partially close. The 
partially closed disconnect allowed arcing to the associated circuit breaker. A ground 
was sensed resulting in the loss of a 500 KV off-site source.  
 
The loss of the 500 KV source caused the reactor water cleanup system to isolate. Both 
reactor recirculation pumps tripped and emergency diesel generator III started. 
Emergency diesel generator III tripped due to operator error when attempting to parallel 
with the grid. Recirculation pump A was started successfully but recirculation pump B 
could not be started due to a malfunctioning hydraulic power unit on its flow control 
valve. With recirculation pump B out of service, the reactor was shutdown. Grand Gulf 
declared a tornado watch and started all three emergency diesel generators in parallel 
with off-site power. Emergency diesel generator III tripped on reverse power and was 
declared inoperable. 
 
7.2.7.5 Quad Cities Unit 1 
 
Quad Cities Unit 1 was at 50% power and Unit 2 was shutdown when a tornado 
touched down on the site on March 13th 1990. The tornado passed through the site 
leaving some external damage and one person with minor injuries. The station security 
fence was damaged. Firefighting equipment near the hydrogen system tanks were 
either lost or disabled. Outside lights and trailers were damaged. The turbine building 
and radwaste ventilation ducting was damaged. No measurable radioactivity was 
released. 
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7.2.7.6 Quad Cities Unit 2 
 
On May 10th 1996, a tornado touched down on the Quad Cities site, damaging the 
secondary containment of Unit 2. Unit 1 was in a refueling outage. The tornado 
separated some of the Unit 2 refuel floor wall paneling; some Unit 2 exterior electrical 
cables and the Unit 2 nitrogen tank piping were damaged. The oil storage building was 
destroyed resulting in an oil spill. The reactor building vents were manually isolated and 
standby gas treatment (SBGT) started to keep from drawing nitrogen (from the leaking 
nitrogen tank) into the reactor building. There was no measurable release of 
radioactivity. 
 
7.2.8 Summary 
 
Natural phenomena have posed unanticipated challenges to reliably safe nuclear 
operations. Licensees are reconsidering the severity of natural phenomena and the 
consequent effect on reactor shutdown and cooling of irradiated fuel. The Licensees 
and NRC in conjunction are forming plans to meet those challenges. Many of the 
preparations parallel the readiness of NRC-regulated facilities to manage challenges to 
core cooling, containment and spent fuel pool cooling following large explosions or fires 
attendant to terrorist action. 



 

 
Rev 02/12 7.2-16 USNRC HRTD 

 
Table 7.2-1 References 

 

1. 10CFR50 Appendix A, General Design Criteria for Nuclear Power Plants 
2. 10CFR50 Appendix S, earthquake Engineering Criteria For Nuclear Power Plants 
3. 10CFR73, Physical Protection of Plants and Materials 
4. NRC Generic Letter 88-20 Individual Plant Examination For Severe Accident 

Vulnerabilities, November 23rd 1988 
5. NRC Generic Letter 88-20 S1 Individual Plant Examination For Severe Accident 

Vulnerabilities Supplement 1, August 29th 1989 
6. NRC Generic Letter 88-20 S2 Individual Plant Examination For Severe Accident 

Vulnerabilities Supplement 2, April 4th 1990 
7. NRC Generic Letter 88-20 S3 Individual Plant Examination For Severe Accident 

Vulnerabilities Supplement 3, July 6th 1990 
8. NRC Generic Letter 88-20 S4 Individual Plant Examination For Severe Accident 

Vulnerabilities Supplement 4, June 28th 1991 
9. NRC Generic Letter 88-20 S5 Individual Plant Examination For Severe Accident 

Vulnerabilities Supplement 5, September 8th 1995 
10. NRC Bulletin IEB 80-11, Masonry Wall Design, May 8th 1980 
11. NRC Bulletin 2011-01 Mitigating Strategies, May 11th 2011 
12. NRC Information Notice 1987-49, Deficiencies in Outside Containment Flooding 

Protection, October 9th 1987. 
13. NRC Information Notice 1989-63, Possible Submergence of Electrical Circuits 

Located Above the Flood Level Because of Water Intrusion and Lack of Drainage, 
September 5th 1989 

14. NRC Information Notice 1993-53, The Effect of Hurricane Andrew on Turkey Point 
Nuclear Generating Station and Lessons Learned, July 20th 1993 

15. NRC Information Notice 1993-53 Supplement 1, Effect of Hurricane Andrew on 
Turkey Point Nuclear Generating Station and Lessons Learned, April 29th 1994 

16. NRC Information Notice 1994-27, Facility Operating Concerns Resulting From Local 
Area Flooding, March 31st 1994 

17. NRC Information Notice 1996-06, Design and Testing Deficiencies of Tornado 
Dampers at Nuclear Power Plants, January 25th 1996 

18. NRC Information Notice 2009-06, Construction-Related Experience With Flood 
Protection Features, July 21st, 2009 

19. NRC Information Notice 2009-27, Revised International Nuclear and Radiological 
Event Scale User’s Manual, November 13th, 2009 

20. NRC Information Notice 2010-18, Generic Issue 199, Implications of Update seismic 
Hazard Estimates In Central and Eastern United States On existing Plants, 
September 2, 2010 

21. NRC Information Notice 2010-19, Updated Probabilistic Seismic Hazard Estimates 
in Central and Eastern United States, September 16th, 2010 

22. NRC Information Notice 2011-01, Mitigating Strategies, Mitigating Strategies, May 
11th 2011 

23. NRC Information Notice 2011-05, Tohaku-Taiheiyou-Oki Earthquake Effects on 
Japanese Nuclear Power Plant, March 18th 2011 

24. NRC Information Notice 2011-08, Tohoku-Taiheiyou-Oki Earthquake Effects on 
Japanese Nuclear Power Plants – For Fuel Cycle Facilities, March 31st 2011 



 

 
Rev 02/12 7.2-17 USNRC HRTD 

25. NRC ICM Order EA-02-026, Order for Interim Safeguards and Security 
Compensatory Measures, February 25th 202. 

26. NRC International –Tsunami Causes Complete Loss of Ultimate Heat Sink and Near 
Miss Incidents at Three Units at Fukushima Daiini Site, Rebecca Sigmon, March 13 
2011 

27. NRC Incident Reporting System: Safe Shutdown of Kalpakkam-2 Reactor Following 
Tsunami Strike (IRS Report 7687) December 16th, 2011 

28. NRC Frequently Asked Questions Related to the March 11th, 2011 Japanese 
Earthquake and Tsunami 

29. NRC Expanded NRC Questions and Answers Related to the March 11th, 2011 
Japanese Earthquake and Tsunami October 19th 2011 

30. NRC Resolution of Generic Safety Issue: Flooding of Safety Equipment 
Compartments by Backflow Through Floor Drains (Rev.1) (NUREG-0933, Main 
Report with Supplements 1-33). 

31. NRC Resolution of Generic Safety: Issue 178: Effect of Hurricane Andrew on Turkey 
Point (Rev. 2) (NUREG-0933, Main Report with Supplements 1-33) 

32. NRC Regulatory Guide 1.59, Design Basis Floods for Nuclear Power Plants, 
Revision 2, August 1977. 

33. NRC Briefed NISA on Contingencies; TEPCO in Dark, Minoru Matsutani, The Japan 
Times, January 28th, 2012 

34. NRC Regulatory Guide 1.102, Flood Protection for Nuclear Plants, Revision 1, 
September 1976. 

35. NUREG-2115 Central Eastern United States – Seismic Source Characterization For 
Nuclear Facilities (CEUS-SSC), USNRC, Electric Power Research Institute (EPRI) 
and US Department of Energy (DOE) 

36. NUREG-1474, Effect of Hurricane Andrew on the Turkey Point Nuclear Generating 
Station from August 20th-30th 1992, March 1993. 

37. NUREG/CR-2944, Tornado Damage Risk Assessment, Brookhaven National 
Laboratory, September 1982. 

38. NUREG-1738, Technical Study of Spent Fuel Pool Accident Risk at 
Decommissioning Nuclear Power Plants, January 2001. 

39. NUREG/CR-5042, Evaluation of External Hazards to Nuclear Power Plants in the 
United States, Lawrence Livermore National Laboratory, December 1987. 

40. NRC Reporter, Volume 1, Issue 30 September 14th 2005. 
41. Statement Submitted by the United States Nuclear Regulatory Commission, To the 

Committee on Environment and Public Works, United States Senate, For the 
Hurricane Katrina Hearing, Presented by Dr. Nils J. Diaz, Chairman Submitted 
November 2nd 2005. 

42. NRC EN46230 Update to part 21 Reportable Condition Notification: Failure to 
Include Seismic Input in Channel-Control Blade Interference Customer Guidance, 
February 7th 2012 

43. NRC Report by Fukushima Daiichi Near Term Task Force; Recommendations for Enhancing 
Reactor Safety in the 21st Century and SECY-11-0137; Prioritization of Recommended 
Actions to be taken in response to Fukushima Lessons learned. 

44. Nuclear Energy Institute NEI 06-12, Phase 2 & 3 Submittal Guide revision 2, as 
endorsed by the NRC, December 22nd 2006 

45. Nuclear Energy Institute NEI Fact Sheet, Industry Taking Action to Ensure 
Continued Safety at U.S. Nuclear Energy Plants, March 16 2011 

46. Nuclear Energy Institute, Waterford 3 Nuclear Plant Weathers Hurricane Katrina 



 

 
Rev 02/12 7.2-18 USNRC HRTD 

47. NRC News No. 05-118, NRC Monitoring Approach of Hurricane Katrina; Waterford 
Shuts Down, August 28th 2005. 

48. NRC EGM-09-008, Memorandum to Eric J. Leeds et al. Enforcement Guidance 
Memorandum – Dispositioning Violations of NRC Requirements FOR Work Hour 
Controls Before and Immediately After a Hurricane Emergency Declaration, 
September 24th, 2009 

49. NRR Operating Experience, River Bend – Wind Forces Exceed Turbine Building 
Siding Construction, October 10th 2008. 

50. NRC EN 44457, River Bend, Planned Manual Plant Shutdown Due To Grid 
Conditions September 1st, 2008 

51. INPO Significant Event Notification (SEN) 277, Substantial Turbine Building Damage 
Caused By High Winds, December 22nd 2008 

52. Results of analyses of earthquake observation data obtained during the Niiataken 
Chuestuoki Earthquake in 2007 at Kashiwazaki Kariwa Nuclear Power Station, 
Tokyo Electric Power Company (Part 1) July 30.2007 

53. Experience of NCO Earthquake and Restart of Kashiwazaki-Kariwa NPP, November 
25th, 2010, Gaku SATO Tokyo Electric Power Company 

54. Measures of the Nuclear and Industrial Safety Agency concerning the Kashiwazaki-
Kariwa Nuclear Power Station, affected by the NiiGataken-oki Earthquake (Interim 
Report [sic] February 13th 2009, Nuclear and Industrial Safety Agency 

55. UCRL-JC-133566, A Probabilistic Tornado Wind Hazard Model For The Continental 
United States, Lawrence Livermore National Laboratory, April 1999. 

56. Challenges of TEPCO, TEPCO and Nuclear Power Generation, Safety Measures of 
Nuclear Power Station, Creating disaster-resistant nuclear power station [sic], circa 
2010 

57. PG&E Letter No. DCL-03-184, Special Report 03034: San Simeon of December 22, 
2003, Lawrence F. Womack, Vice President Nuclear Services, January 5th, 2004 

58. PG&E Letter No. DCL-04-031, Supplement to Special Report 03034: San Simeon of 
December 22, 2003, Lawrence F. Womack, Vice President Nuclear Services, March 
29th, 2004 

59. PG&E Letter No. DCL-04-071, Update to the seismicity evaluation of the December 
22, 2003 San Simeon Earthquake, Lawrence F. Womack, Vice President Nuclear 
Services, June 7th, 2004 

60. Nuclear Power Plants and Earthquakes, Nuclear Services Section, External Affairs, 
ANSTO, JAIF TEPCO, November 2011 

61. Overview of 08/23/11 Earthquake Response and Restart Readiness Demonstration 
plan, North Anna Power Station Units 1 and 2, Dominion, September 8th 2011 

62. Humboldt Bay Power Plant Unit 3 LER 92-001-00, Docket Number 05000133, Spent 
Fuel Pool Liner Gap Water Level Above Limit Due to Earthquake, Event Date April 
22nd 1992, Report Date May 22nd 1992, Accession 9205270334 

63. Humboldt Power Plant Unit 3 LER 92-002-00, Docket Number 05000133, Effects of 
the April 25, 1992 Cape Mendocino Earthquake and Aftershocks on the Humboldt 
Bat Power Plant, Event Date April 25th 1992, Report Date August 31st 1992, 
Accession 9209040116 

64. Fort Calhoun LER 2011-001-0, Docket Number 05000285, Inadequate Flooding 
Protection Due To Ineffective Oversight, Event Date 01/27/2011 Report Date 03/28/-
2011 

65. Fort Calhoun LER 2011-003-01 Supplement 1, Docket Number 05000285, 
Inadequate Flooding Protection Due to Ineffective Oversight, Event Day 02/03/2011, 
Report Date 05/16/2011 



 

 
Rev 02/12 7.2-19 USNRC HRTD 

66. Waterford 3 LER 2005-004-00, Waterford Steam Electric Station Unit 3 Loss of Off-
site Power During Hurricane Katrina, October 27th 2005. 

67. Hope Creek LER 2003-007-00, Reactor Scram Due To Electrical Transient, Low 
Reactor Water Level and Loss of Reactor Feed Pumps A and C, November 17, 
2003. 

68. Browns Ferry Nuclear Plant (BFN) Unit 1LER 2011-002-00, Loss of Safety Function 
(SDC) Resulting from Loss of Power from C EDG due to Oil Leak, June 27th 2011. 

69. Davis-Besse Unit 1 LER 1998-006-00, Tornado Damage to Switchyard Causing 
Loss of Off-site Power, August 21st, 1998. 

70. Fermi 2 LER 2010-002-00, Automatic Reactor Scram and Loss of Off-site Power 
Due to severe Weather, August 3rd 2010 

71. Grand Gulf Unit 1, LER 1984-028-00, Effects of Storm, June 6th 1984 
72. Quad Cities Unit 1 LER1990-006-00, Tornado Touched Down On Site, April 11th, 

1990. 
73. Quad Cities Unit 2 LER 1996-007-00, A Tornado Damaged Secondary Containment 

at Quad Cities Which Required a Shutdown of Unit 2, June 7th 1996. 
74. Quad Cities Units 1 and 2, Secondary Containment Would Not Have Satisfied All 

UFSAR Requirements Due To The Siding’s Explosion Bolts Which Were Damaged 
By either High Winds or Ineffective Work Practices, September 20th 1996. 

75. Japan Kept Silent on Worst Nuclear Crisis Scenario, Mari Yamaguchi and Yuri 
Kageyama, AP, June 9th 2011. 

76. Virginia Electric and Power Company (Dominion) North Anna Power Station Units 1 
and 2 Root Cause Evaluation Dual trip Following the August 23, 2011 Earthquake, 
Serial 11-578, October 12th 2011 

77. Fukushima Nuclear Accident, Report of Japanese Government to AAEA Ministerial 
Conference on Nuclear Safety – Accident at TEPCO’s Fukushima Nuclear Power 
Stations, June 7th 2011’ 

78. IAEA Safety Standards, Safety Fundamentals, No. SF-1, November 2006 
79. Review of The Seismic Qualification Utility Group Procedure For Gathering and 

Validating Earthquake Experience Data, Revision 2 (TAC No. MA9464) Duke Power 
Company Seismic Qualification Utility Group, April 27th 2001 

80. Nebraska Residents in No Danger After Floods Hit Nuke Plant: Waters Breach Berm at Fort 
Calhoun Nuclear Station, ABC News June 27th 2011 

81. Report on flooding of Le Blayais Power Plant on 27 December 1999, Institute for Protection 
and Nuclear Safety (IPSN) A. Gorbatchev, J.M. Mattei, V. Rebour and E. Vial 

82. Generic Results and Conclusions of Re-Evaluating the Flooding Protection in French 
and German Nuclear Power Plants, IPSN, J.M. Mattei, V. Rebour, H. Liemersdorf, 
M. Turschmann 

83. Application of Risk Insights at Exelon, William E. Burchill, PSA 2002 October 6th – 
9th, 2002 

84. TMI Erred on Flooding, River Could Rise Higher Than Original Calculation, 
Lancaster Intelligencer, September 29th, 2011 

85. WANO Significant Event Report (SER) 2000-3, Severe Storm Results in Scram of 
Three Units and Loss of Safety System Functions Due to Partial Plant Flooding, 
February 21st 2001. 

86. INPO Significant Operating Experience Report 02-1, Severe Weather, December 3rd, 
2002. 

87. Turkey Point Nuclear Plant, Individual Plant Examination of External Events for 
Turkey Point Units 3 & 4, June 1994. 

88. Preliminary Notification of Event or Unusual Occurrence – PNO-IV-04-025, River 



 

 
Rev 02/12 7.2-20 USNRC HRTD 

Bend Station, Region IV Response to Hurricane Ivan, September 15th, 2004. 
89. Preliminary Notification of Event or Unusual Occurrence – PNO-IV-05-012, 

Waterford 3, Notice of Unusual Event, Plant Shutdown and Los of Off-site Power at 
Waterford 3, August 29th, 2005 

90. NEI Nuclear Energy Institute, Browns Ferry Nuclear Energy Facility Withstands 
Historic Tornado Outbreak



 

 Figure 7.2-1 US Nuclear Reactor Proximity to High Earthquake Risk Areas 

 
 



 

 Figure 7.2-2 Area of US Designated for Seismic Re-Evaluation 

 
 
 
 
 
 

 
 
 
  



 

 Figure 7.2-3 Fort Calhoun Flooding 

 

 
  



 

 Figure 7.2-4 Fort Calhoun Berm (Flooding Barrier) 

 

 
  



 

 Figure 7.2-5 Cooper Station Flooding 

 

 
  



 

 Figure 7.2-6 Turkey Point Water Tower and Nuclear Entrance Building 
  



 

 Figure 7.2-7 Turkey Point Turbine Deck 

 
 
  



 

 Figure 7.2-8 Riverbend Turbine Building after Hurricane Gustav 
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