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1. RAI Text 
The applicant is requested to provide a safety analysis that assesses potential damage 
to Seismic Category I structures resulting from a tornado-generated missile impact at 
any elevation above grade and any azimuthal direction. More specifically, one issue 
related to elevation consideration is that the non-uniform structure stiffness and 
thickness throughout the height of PCCV, such as the dome which has smallest 
thickness, or the PCCV wall in the vertical direction, which the stiffness continues to 
decrease from the base to the top. thus, the same impact energy applied to different 
elevation will induce different global structural responses and localized damage. 
Moreover, higher elevation impact momentum can induce higher overturning moment for 
the PCCV building. 
In order for the NRC staff to verify compliance with requirements in GDC-2 in Appendix 
A to 10 CFR Part 50, the applicant is requested to address the following two types of 
damage in the analysis and to provide technical evidence that the potential impacts from 
each type of missile within the applicant’s design-basis tornado missile spectrum do not 
compromise the structural integrity of any Seismic Category I structure or adversely 
affect its ability to perform its intended safety functions. 

(1) Local damage: 

(a) full penetration of missile "punch-thru" due to shear failure 

(b) crack initiation and propagation due to partial penetration at a building location 
under highest stress 

(2) Global damage: 

(a) building "tip-over" or "sliding" due to foundation failure 

(b) failure of critical section due to severe impact/dynamic loads 
The applicant is also requested to include as part of the analysis a description of the 
physical characteristics, the maximum speed, and the envelope of potential impact 
locations (i.e., SSC identifier, elevation above grade, and corresponding azimuthal 
direction) for each type of missile included in the applicant’s design-basis tornado missile 
spectrum. 
2. Concern 
Compliance with GDC 2 requires that nuclear power plant SSCs important to safety are 
designed to withstand the effects of natural phenomena such as earthquakes, 
tornadoes, hurricanes, floods, tsunami, and seiches without loss of capability to perform 
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their intended safety functions. The design bases for these SSCs are required to 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.  
The design-basis tornado-generated missile spectrum in Table 2 of Regulatory Guide 
1.76, Rev. 1 is generally acceptable to the NRC staff for the design of nuclear power 
plants. In addition, the NRC staff considers the missiles listed in Table 2 to be capable of 
striking in all directions with horizontal velocities of VMhmax and vertical velocities equal to 
67 percent of VMhmax. According to the Rankine combined vortex model, which was used 
by the NRC staff as the basis for the tornado characteristics described in Regulatory 
Guide 1.76, Rev. 1, wind velocities and pressures are assumed not to vary with 
elevation, and the model possesses only azimuthal velocity. Because these Rankine 
combined vortex model features apply to all tornadoes, the maximum tornado missile 
velocity is considered by the NRC staff to be independent of the missile height above 
ground.  
In general, the assumption made in procedure used for calculating wind pressure is that 
the wind velocities and, therefore, the wind pressure, do not vary with the height above 
the ground. Furthermore, maximum horizontal velocity spectra generated by E. Simiu 
are widely used in estimated maximum horizontal speed of the tornado induced missile, 
where the initial condition used for the calculation is assume the object is at the height of 
40 meters. Regarding an automobile, the associated CdA/m index is about 0.0070 for a 
4000lb weight, and the associated maximum missile velocity is independent of the 
missile elevation (or height). In reality, any tornado-generated missile could potentially 
impact an SSC from any azimuthal direction and at any elevation above grade at the 
maximum tornado missile velocity. 
Furthermore, from a structural point of view, a higher elevation impact to the power plant 
shielding (dome) may have potential of generating more impact response (such as 
higher bending moment or more deflection relative to the base structure, etc,) than that 
which would occurr at a lower elevation. Moreover, the high elevation of the structure 
may also have less rigidity and less material mass than the lower section of the building, 
thus, higher elevation missile may have the potential to produce more severe local 
damage to the building than that of a lower elevation missile impact.  
In order for the NRC staff to verify compliance with requirements in GDC-2 in 10 CFR 
50, Appendix A, the applicant is requested to provide information about tornado missiles 
including automobiles and other tornado-generated objects within the scope of the 
applicant’s design-basis tornado missile spectrum. The applicant is also requested to 
provide a safety analysis that assesses potential damage to Seismic Category I 
structures resulting from tornado-generated missile impacts that can occur at any 
elevation above grade and any azimuthal direction. 
3. Applicant References: 
DCD Tier 2, Revision 1, Section 3.5 and Section 3.3. 
4. Context 
Structural integrity of Seismic Category I structures, which assures that SSCs important 
to safety are protected, and not compromised according to GDC-2 in the Appendix A to 
Part 50 of 10 CFR. 
5. Priority/Impact 
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Medium – information is essential to completing a technical review and resolving a 
safety issue of PMF. The review can continue, but cannot be completed without the 
requested additional information. 
6. Dependencies 
Internal – There are interfaces with SRP Chapter 3.0, Section 3.3, and Section 3.5. 
External – There are no external dependencies. 

 
 


