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AP1000® Nuclear Power Plant Response to External Hazards 

 

Introduction 

The U.S. Nuclear Regulatory Commission (NRC) requires all existing and new-build nuclear 
power plants to conduct an Individual Plant Examination of External Events (IPEEE) in 
accordance with Generic Letter 88-20.  The International Atomic Energy Agency (IAEA) 
delineates a similar evaluation in their requirements.  External events are defined by the NRC as 
those events whose cause is external to all systems used during normal and emergency 
conditions.  In accordance with NUREG-1407, the list of five required external events which 
must be analyzed for in the IPEEE include seismic events, internal fires, high winds and 
tornados, external flooding, and transportation and nearby facility accidents.  The AP1000 plant 
design addresses the potential risks to plant safety that could result from these events.   

 The passive safety approach used for the AP1000 plant design reduces the importance to 
plant safety of AC electrical power, and the service water cooling interface with ocean / 
river / lakes.  

  All of the systems, structures, and components (SSC) critical to placing the plant in a 
safe shutdown condition are protected within the steel containment vessel.  This steel 
containment vessel is surrounded by a substantial composite “steel-concrete-steel” Shield 
Building.  The Shield Building protects the containment vessel from many external 
events, including the crash of a large commercial airplane. 

 For most circumstances, the critical safety related SSCs will automatically achieve a 
“fail-safe” configuration without the need for operator action, AC or DC electrical 
power, instrument air, or instrumentation and control systems. 

 

1.  Seismic Events   

Background 

The AP1000 nuclear power plant is composed of systems, structures, and components which are 
designated as Seismic Category I, II, or Non-Seismic (Figure 1).   Seismic Category I SSCs are 
designed to withstand the Safe Shutdown Earthquake (SSE) and continue to perform their safety-
related function.  Seismic Category II SSCs are designed to withstand the SSE without damaging 
a safety-related SSC. Seismic Category II SSCs are not required to remain functional after the 
earthquake.  Non-Seismic SSCs are designed to the Industry Building Codes.   
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The Safe Shutdown Earthquake is the basis for the 
design of the Seismic Category I and II SSCs for 
the AP1000 plant.  The seismic level of the SSE is 
0.3g peak ground acceleration (PGA, Figure 2).  
This SSE level bounds a large portion of U.S. 
sites, European sites, and Asian sites such as those 
within China. It also bounds the requirement of the 
European Utility Requirement Document of 0.25g. 
The AP1000 nuclear power plants have a higher 
peak ground acceleration than some competing 
designs.  This additional margin is useful for 
coping with beyond design basis seismic events.  

 

 

PGA

Figure 2: Typical time‐waveform showing Peak 
Ground Acceleration (PGA) 

Figure 1: 3D Rendering of the AP1000 Power Block Showing Seismic Ratings 
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The Richter Scale1 is often used to measure the intensity of the seismic event at the epicenter, 
while PGA takes into account how much of that energy is actually felt on ground level at the 
plant site located at some distance from the epicenter. A PGA of 0.3g roughly corresponds to a 
Richter Scale magnitude of 6.6 at the epicenter (Figure 3).  The ground acceleration decreases 
with distance from the epicenter.  For example, the magnitude of the Fukushima Dai-ichi seismic 
event on the Richter Scale was 9.0 at the epicenter, but the observed maximum site PGA was 
0.52g at a distance of 109 miles (175 km).2 

 

 

Figure 3: Comparison of Richter scale and peak ground acceleration at earthquake epicenter 

Additionally, the AP1000 plant is evaluated for a seismic margin analysis which extends to 67% 
above the Safe Shutdown Earthquake design basis PGA of 0.3g. This larger seismic event is 
referred to in the U.S. as the Review Level Earthquake (RLE), which has a PGA level for the 
AP1000 plant of 0.5g.  For the AP1000 plant, seismic margin analyses demonstrate that the 
critical systems, structures and components have a high confidence of a low probability of failure 
(HCLPF) level for seismic events equal to or greater than the RLE level.    The “high 
confidence” is defined as 95% probability for SSCs to maintain their structural integrity and 
function, while the “low probability” is, at most, 5%.  The capacity of the SSCs required to bring 
the plant to a safe, stable condition are assessed to be capable of meeting this Review Level 
Earthquake.   

                                                            
1 The Moment Magnitude is used today and is similar to the Richter Magnitude.  The Richter Magnitude is within 
+/‐ 10% of the Moment Magnitude 
2 Source: LaPay, William. “AP1000 Seismic Design Levels.” PowerPoint Presentation, March 2011. 
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Reference Table 1 provides examples of the representative seismic margin expressed as HCLPF 
values for various Seismic Category I structures.3 

Table 1: Representative HCLPF Values for Various SC‐I Structures 

Portions of Various SC‐I Structures  HCLPF (PGA) 

Shield Building Tension Ring  0.73 g 

Shield Building PCS Water Tank  0.81 g 

Shield Building Conical Roof  0.71 g 

Shield Building SC Cylindrical Wall  0.74 g 

Steel Containment Vessel ‐ Buckling  0.73 g 

Exterior Walls of Auxiliary Building – Wall 11  0.88 g 
 

AP1000 Plant Response to SSE (0.3g): 

 It is conservatively assumed that the seismic event causes general infrastructure damage 
leading to a Loss of Offsite Power (LOOP) concurrent with a reactor and turbine trip.  
 

 All Seismic Category 1 structures remain intact and functional (Auxiliary Building, 
Containment, and Shield Building) as do Seismic Category I components and systems.  
Damage done to other structures on site will not prevent the functional performance of 
Category I SSCs.   
 

o For the first 72 hours, reactor core decay heat is removed via natural circulation 
from the Passive Heat Exchanger and the In-Containment Water Tank to the 
containment vessel and the Passive Containment Cooling System water tank on 
top the Shield Building (Figure 4).  The passive core cooling methods occur 
automatically without operator action and without the use of AC power.  The 
Spent Fuel Pool is cooled by boiling of existing water inventory. Minor operator 
action is eventually required for a one-time valve alignment to provide makeup 
water to the Spent Fuel Pool from the Cask Washdown Pit. 
 

o From 72 hours to 7 days, makeup water for decay heat removal from the Spent 
Fuel Pool and containment (therefore the reactor core) is provided by the 
Ancillary Water Tank located at grade level.  Ancillary Diesel generators are 
small (80 kW) and rugged and they support a few very limited functions. They 
provide power for the makeup pumps used to move water from the Ancillary 

                                                            
3 Source: LaPay, William. “AP1000 Beyond Seismic Design Basis.” PowerPoint Presentation, March 2011. 
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Water Tank to the Spent Fuel Pool and to the top of containment. These Ancillary 
Diesel Generators also provide power to support main control room displays and 
lighting as well as selected ventilation systems. In addition, pre-arranged sources 
of offsite portable diesel generators and diesel-powered pumps may be brought to 
the site to provide backup to the Ancillary Diesels and the water transfer pumps. 
 

o After 7 days, the plant continues to function in the same manor except that 
additional water supplies are required. Water supplies include water in various 
plant storage tanks (Figure 5), raw water (e.g. lake, river, ocean) and offsite 
supplies. It is also possible to provide additional fuel for the Ancillary Diesels so 
that they can continue to perform their functions. 

 

  Figure 4: Transfer of Reactor Decay Heat to the Atmosphere



WESTINGHOUSE NON‐PROPRIETARY CLASS 3 

NPP_NPP_000072  August 2011  Page 6 of 11 
 

 
Note:  The design basis for containment cooling utilizes continuous water distribution on the 
vessel steel shell.  In the highly unlikely case of an operator not being able to supply water to the 
top of the containment after 7 days of cooling, the vessel shell would become dry and the flow of 
air through the annulus region would provide heat removal.  Pressure within the containment 
vessel would slowly increase but would not be expected to reach the Normal Design Pressure for 
over 2 days.  Even in the case of this very unlikely event, considering that the steel containment 
vessels have a very large margin above the Normal Design Pressure, the peak containment 
pressure will not exceed the ASME Service Level C Pressure limit.  Therefore, even “air-only” 
cooling decay heat removal for the containment vessel steel shell following 7 days of water 
cooling is a viable means to protect the health and safety of the public as well as prevent damage 
to the fuel in the reactor core. 
 
AP1000 Plant Response to RLE (0.5g): 

Even for beyond design basis seismic events, at least up to the Review Level Earthquake of 0.5g, 
the AP1000 provides a high confidence in a low probability of failure for critical safety 
structures, systems, and components. Hence, the overall response would remain in general 
similar to that discussed above for the SSE. 

Figure 5: AP1000 Plant Water Supply Layout
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Seismic Events Conclusion 

The AP1000 plant design is robust with respect to withstanding the Safe Shutdown Earthquake.  
The seismic margin analyses provides increased margin to provide core, containment, and spent 
fuel pool cooling.  

 

2. External Flooding 

Design Basis Flood 

The maximum flood level assumed for AP1000 is the plant design grade elevation (or elevation 
100’-0”4). Actual grade will be a few inches lower to prevent surface water from entering 
doorways.  Flooding of intake structures, cooling canals, or reservoirs or channel diversions does 
not prevent safe operation of the plant. 

In the instance of a design basis external flood, the AP1000 Standard Plant response is to stop all 
unnecessary plant evolutions (such as maintenance or testing) and close external portals. 

 External Flooding Margin Assessment 

Nuclear power plants are designed to effectively 
manage flooding levels up to the design basis flood 
with some degree of margin beyond the design level 
for floods.  Appropriate definition of site specific 
limits for the maximum expected flooding levels is 
important to protect the plant. 

AP1000 is very resilient in its capability to mitigate 
impacts from beyond design basis flooding.  In the 
unlikely scenario that an AP1000 suffers a severe 
flood which exceeds the design basis of elevation 
100’-0”, the reactor core and Spent Fuel Pool remain 
protected. 

The two most important features of AP1000 which 
provides defense against flooding and other external 
hazards are that safe shutdown and core cooling are 
provided by systems located inside the containment 
vessel (Figure 6) and that these systems are designed to “fail safe” (Figure 75) upon loss of 
power, loss of I&C controls, and loss of instrument air.  The containment vessel is a 1-3/4” (44.5 
                                                            
4 The “100 foot” elevation for grade is not meant to be synonymous with actual plant elevation above sea level. 
5 Source: http://tijarohonline.blogspot.com/2010/12/actuator.html July 2011. 

Figure 6: AP1000 Containment Vessel Being 
Assembled in Sanmen, China (December 2010) 
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mm) thick steel pressure vessel that is not affected in any way by flooding.  The spent fuel 
cooling is from water stored in pits that are at least 35’ (10.7 m) above the grade elevation. 

 

 

 

To provide confirmation of flooding margin, the AP1000 design has been assessed postulating 
additional damage to plant equipment located on the first floor above the maximum flood level 
of grade: 

 The loss of all external water and fuel oil tanks in the plant yard, including the Ancillary 
Water Storage Tank used for post-72 hour makeup to the Spent Fuel Pool and 
Containment, 

 The loss of the Standby Diesel Generators, 
 The loss of the Ancillary Diesel Generators, (i.e. loss of ALL AC electrical power 

sources) 

Figure 7: Example of "Fail Safe" Air‐Operated Valve.  This valve would “fail open” to allow cooling 
water to flow.  Other valves can be designed to “fail shut” so as to isolate radiological areas such as 
the Containment vessel shell. 

Normally, air pressure (or 

electric power) overcomes 

the spring tension and holds 

the valve shut. 

These springs will force the 

valve open upon a loss of 

air/power, allowing water to 

flow through the valve. 

This valve design is “fail safe” because the springs will always try to open 

the valve and allow water to flow.  Even if air or electric power is 

interrupted, the valve will “fail” in the “safe” condition: open for cooling 

water flow to the core or the containment vessel. 
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 The loss of the non-safety related battery banks, 
 The loss of all seven Class 1E safety related battery banks, 
 Main Control Room functionality lost due to complete loss of AC and DC power 

The Diverse Actuation System Alternate Workstation in the Aux Building survives flooding one 
floor above grade and it permits the operators to actuate important safety equipment. 

This margin assessment scenario corresponds to a postulated loss of all AC and DC power, and 
results in the complete loss of control room functions.  No operator action can be taken in the 
control room for an extended period of time. The fail-safe nature of most of the AP1000 critical 
safety systems, results in automatic actuation of the passive systems required to place the plant to 
a safe shutdown condition. The response would be identical to that described in the white paper 
“AP1000 Nuclear Power Plant Coping with Station Blackout.” 

The Passive Core Cooling System and the Passive Containment Cooling System automatically 
actuate without the need for AC or DC electrical power or operator action.  The plant operator 
has at least 8 hours to perform a one-time valve operation to align the cask washdown pit to the 
Spent Fuel Pool to provide gravity-driven makeup water to the Spent Fuel Pool. 

For post-72 hour longer term recovery, the AP1000 plant design includes existing connection 
points for off-site, temporary equipment such as portable pumps and portable diesel generators to 
be used if the Ancillary pumping/power/water supplies on site are damaged or unavailable.  
After 72 hours, operator action is required to align this temporary equipment to provide makeup 
water to the Spent Fuel Pool and water cooling to the exterior of the containment vessel shell 
(reference white papers “AP1000 Nuclear Power Plant Spent Fuel Pool Cooling” and “AP1000 
Nuclear Power Plant Coping with Station Blackout” for additional details). 

External Flooding Conclusion 

The AP1000 provides margin beyond the flooding design basis to maintain a safe shutdown 
condition with no fuel damage or radiological releases to the general public. The AP1000 can 
perform these functions after the postulated loss of all on-site AC and DC power sources with 
minimal operator actions in the first 72 hours. 

 

3. High Winds and Tornados  

Severe winds, such as those generated by hurricanes or tornados, provide a natural threat to 
nuclear power plants via the following means: 

1. Wind loading on a structure may cause damage or collapse,  
2. Tornado missiles have the potential to penetrate buildings and damage components. 
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The AP1000 design basis wind speed for tornados is 300 mph (483 km/h) which is assumed to 
be the maximum wind speed that will not challenge the safety-related structures.  This 300 mph 
(483 km/h) wind is composed of the following rotational and translational components: 240 mph 
[386 km/h] rotational and 60 mph [97 km/h] translational. The AP1000 operating basis wind 
speed is 145 mph (233 km/h) which is assumed to be the maximum wind speed that will not 
challenge the non safety-related 
structures. 

The AP1000 criteria for protection 
from postulated missiles provide the 
capability to safely shut down the 
reactor and maintain it in a safe 
shutdown condition.  The AP1000 
protects safety related SSCs by 
placing them inside Seismic 
Category I buildings (the Nuclear 
Island) designed to withstand 
extreme wind loads and tornado-born 
missiles (Figure 86).  The AP1000 
relies on safety-related systems and 
equipment to establish and maintain 
safe shutdown conditions. The 
AP1000 tornado missile analysis for 
the AP1000 nuclear island is: 
 
 A 4,000 pound (1,814 kg) automobile with a horizontal velocity of 105 mph (169 km/h) 

and a vertical velocity of 74 mph (119 km/h).  This evaluation bounds sites with vehicles 
parked within a ½ mile (0.8 km) radius of the site. 

 A 275 pound (125 kg), 8 inch (203 mm) armor-piercing artillery shell with a horizontal 
velocity of 105 mph (169 km/h) and a vertical velocity of 74 mph (119 km/h).   

 A 1 inch (25 mm) diameter solid steel sphere with a velocity in any direction of 105 mph 
(169 km/h). 

 

4. Transportation and Nearby Facility Accidents 

These events consist of accidents related to transportation near the nuclear power plant and 
accidents at industrial and military facilities in the vicinity. The following modes are considered:  
Marine accidents, gas/oil pipeline leaks, and railroad accidents.   

The AP1000 plant design has been successfully evaluated against the impact of a malevolent 
large commercial aircraft.  The assessment considers damage associated with structural impact, 

                                                            
6 Source: http://www.silverliningtours.com/silver2/2003June24.htm, June 2011. 

Figure 8: Typical tornado with debris field 
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shock-induced vibrations, and fire effects.  The assessment concludes that an aircraft impact 
would not inhibit the AP1000 plant’s core cooling capability, would not impact containment 
integrity, and would not impact spent fuel pool integrity based on best-estimate assessments 
established by the USNRC.  Key design features of the AP1000 to resist the effects of an aircraft 
impact include: 

1. The robustness of the Nuclear Island structural design, particularly the Shield Building,  
2. The layout of the Nuclear Island, which prevents simultaneous damage of key locations.  

5.  Fires (Internal) 

The AP1000 also provides robust protection from postulated internal fires. This robustness 
comes from effective separation of redundant features both inside and outside of the containment 
as well as from the use of passive safety features.  The major reasons include: 
 
 The fire protection design provides separation of the alternate safety-related shutdown 

components and cabling using 3-hour-rated fire barriers. Areas containing safety-related 
cabling or components are physically separated from one another and from the areas that 
do not contain any safety-related equipment by 3-hour-rated fire barriers. This feature 
reduces the probability of a fire to impact more than one safety-related shutdown system. 

 
 Since the passive safety-related systems do not require AC power and other plant services 

such as cooling, they are less susceptible to a fire than currently operating active plants. 
The impact of fires on the safe shutdown capability is significantly reduced.  

 
 
Conclusions 
 
The AP1000 is less vulnerable to external hazards because: 

1. AP1000 “fails safe.” Even with a loss of all electrical power, I&C controls, and 
instrument air, the AP1000 passively aligns crucial safety related systems to a safe state 
which protects the reactor core and the spent fuel pool.   
 

2. AP1000 is self-reliant.  The AP1000 passive safety systems reduce the importance of 
AC electrical power or heat sinks such as the service water cooling interface with nearby 
bodies of water.  AP1000 plants ultimately use ambient air as a heat sink. 
 

3. AP1000 is self-contained.  All structures, systems, or components required to maintain 
AP1000 in a safe shutdown are located within the steel containment vessel and 
surrounded by the robust steel-concrete-steel Shield Building.  The Shield Building and 
the Containment protect the safe shutdown systems and equipment from external events. 




