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MHI, 
 
The attachment contains the subject request for additional information (RAI).  This RAI was sent to you in draft 
form.  Your licensing review schedule assumes technically correct and complete responses within 30 days of 
receipt of RAIs.  MHI requests, and we grant, 60 days to respond to this RAI.  The schedule will be adjusted 
accordingly.   
 
Please submit your RAI response to the NRC Document Control Desk. 
 
Thank you, 
 
 
 
Jeff Ciocco 
US-APWR Projects 
New Nuclear Reactor Licensing 
301.415.6391 
jeff.ciocco@nrc.gov 
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Issue Date: 7/8/2013 
 

Application Title: US-APWR Design Certification - Docket Number 52-021 
 

Operating Company: Mitsubishi Heavy Industries 
 

Docket No. 52-021 
 

Review Section: 03.08.05 - Foundations 
Application Section: 3.8.5 

  

 
QUESTIONS 

 

 
03.08.05-46 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.1.1, “Reactor Building Complex,” the first paragraph (page 3.8-94) states, 
“The basemat of the R/B [reactro building] complex is essentially a rectangular shaped 
reinforced concrete mat. The length of the basemat in the north-south direction is 334 ft, 7 in., 
and in the east-west direction at its greatest point is 413 ft-0 in., as shown in Figure 3J-1.”  
 
The staff notices that for the foundation layout shown in Figure 03.3.0-1 of MUAP-10006, 
Revision 3, "Soil-Structure Interaction Analyses and Results for the US-APWR Standard Plant," 
the R/B complex basemat has a length of 344 ft. in the east-west direction which is different 
from 413 ft. stated above.  The applicant is requested to address this discrepancy.  

  

 
03.08.05-47 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.1.1, “Reactor Building Complex’” the last two sentences of the first 
paragraph (page 3.8-95) state, “The central region of the basemat with a diameter of 
approximately 187 ft supports the PCCV [prestressed concrete containment vessel] and CIS 
[containment internal structure] with a thickness of approximately 38 ft, 2 in. The peripheral 
portion, which supports the east PS/B [power source building], west PS/B, ESWPC [essential 
service water pipe chase] and A/B [auxiliary building] is 13 ft, 4 in.” 
 
The staff notices that the thickness of the basemat supporting R/B [reactor building] is not 
given.  The applicant is requested to specify the thickness of the R/B.   

  

 
03.08.05-48 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.1.1, “Reactor Building Complex,” the last paragraph (Page 3.8-95) states, 
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“Outlines of the R/B[reactor building], PCCV [prestressed concrete containment vessel] and 
CIS [containment internal structure] including the basemat are provided in Figures 3.8.5-1 
through 3.8.5-3.”  
 
According to Section 3.8.4.1, “Description of the Structures,” of the DCD, the basemat supports 
the PCCV, CIS, R/B, east and west PS/Bs [power source buildings], ESWPC [essential service 
water pipe case] and the A/B [auxiliary building] Category I structures. However, in Figures 
3.8.5-1 through 3.8.5-3 of the DCD, the figures show that the basemat supports only the 
PCCV, CIS and the R/B.  The applicant is requested to correct these figures to include the east 
and west PS/Bs, the ESWPC and the A/B structures.     

  

 
03.08.05-49 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
The figure caption of Figure 3.8.5-5 shown in DCD Page 3.8-297 is “R/B, PCCV and 
Containment Internal Structure Basemat Foundation.”  
The staff notices that the basemat foundation shown in Figure 3.8.5-5 is that of the R/B 
complex, which includes R/B [reactor building], PCCV [prestressed concrete containment 
vessel], CIS [containment internal strucutre], east and west PS/Bs [power source building], 
ESWPC [essential service water pipe chase] and the A/B [auxiliary building]. Therefore, the 
figure caption is incorrect. The applicant is requested to correct the figure caption.  

  

 
03.08.05-50 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
Figures 3.8.5-11 and 3.8.5-12, on Pages 3.8-303 and 3.8-304 are the reinforcement steel of 
basemat in Section N-S and Section E-W, respectively.  
 
The staff notices that in the drawings, the size and spacing for the vertical reinforcement steel 
are not shown. The applicant is requested to provide the size and spacing for the vertical 
reinforcement steel in the drawings or identify the amount of provided reinforcement verses the 
required reinforcement. 

  

 
03.08.05-51 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.2, “Analyses for Basemat Loads during Operation,” the fifth paragraph 
(page 3.8-98) states, “The results of the linear analysis are combined with the non-linear 
analyses to form the governing load combinations.  The results from these analyses include the 
forces, shears, and moments in the basemat; the bearing pressures under the basemat; and 
the area of the basemat that is uplifted.”  
 
The applicant’s method for analyzing the basemat loads during operation is not clear to the 
staff.  The quoted paragraph indicates that there is one linear analysis and multiple non-linear 
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analyses. The applicant is requested to provide the following information:  
(1)   Describe the linear and non-linear analyses methods and the associated computer codes 

used. 
(2)   How was the uplift of the basemat from the soil subgrade treated in the analysis? 
(3)   Provide an example to describe how the results of the linear analysis are combined with 

the non-linear analyses to form the governing load combinations, and how the 
reinforcement of the basemat is designed based on these governing load combinations.   

  

 
03.08.05-52 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.2.1, “Global Three-Dimensional FE [finite element] Modeling of 
Basemat,” the third paragraph (Page 3.8-99) states that “The upper portion of tendon gallery is 
conservatively modeled using a concrete strength of 5,000 psi to simplify design while 
providing for the potential in variation of construction joints.” 
 
It is not clear to the staff how using a concrete strength of 5,000 psi, which is less than the 
actual design strength of 7,000 psi, for the mathematical modeling, is conservative; and also 
provides for the potential in variation of construction joints.  The applicant is requested to use 
7000 psi of concrete strength for the upper portion of the tendon gallery; or explain the the 
purpose of using the 5000 psi concrete more clearly. 

  

 
03.08.05-53 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.2.1, “Global Three-Dimensional FE [finite element] Modeling of 
Basemat,” the fourth paragraph (Page 3.8-99) states, “The R/B [reactor building] complex 
basemat is simulated with solid elements (ANSYS SOLID45 elements) that are defined by 
eight nodes having three degrees of freedom at each node, translations in the nodal x, y, and z 
directions.” 
 
The staff does not believe that the ANSYS SOLID45 element calculates the bending moment 
and shear forces for the R/B complex basemat.  Therefore, the applicant is requested to 
provide information on how the bending moment and shear forces are calculated based on the 
stress outputs of the ANSYS SOLID45 element for designing the basemat. 

  

 
03.08.05-54 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide  
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.3, “Boundary Condition of Basemat,” the first paragraph (Page 3.8-99) 
states, “For basemat analysis, the equivalent static seismic accelerations are linearly reduced 
such that for each soil profile, the maximum shear produced by an earthquake in a given 
direction is 10% greater than the corresponding maximum shear values produced in the SSI 
[soil-structure interaction] analysis.” 
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The information presented above is not clear to the staff.  The staff requests the applicant to 
describe clearly how the earthquake design loads for the basemat are obtained. 

  

 
03.08.05-55 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.3, “Boundary Condition of Basemat,” the first paragraph (Page 3.8-100) 
states, “The backfill and side soil are modeled from elevation 2’-7” to elevation -42’-8. Backfill 
soil ranges from approximately 11’ to 14’ in width while the side soil extends from the edge of 
the backfill soil to the extremities of the subgrade soil.” 
 
The applicant is requested to define “the extremities of the subgrade soil” as stated above. 
 The bottom of the reactor building (R/B) complex basemat is at elevation -39’-8,” per Figure 
3.8.5-2, “Cross Section of a North-South Orientation.”  The applicant is requested to provide a 
technical rationale for only including 3 feet of the soil beneath the basemat (from EL -39’-8” to 
EL -42’-8”), while including side soil to the extremities.  

  

 
03.08.05-56 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.3, “Boundary Condition of Basemat,” the last sentence in the paragraph 
(Page 3.8-100) states, “The properties of the subgrade layers used in the FE [finite element] 
model of the subgrade are established based on several profiles selected from the generic 
layered soil profiles described in Technical Report MUAP-10006 (Reference 3.7-48) to cover 
the entire range of soil/rock conditions at representative nuclear power plant sites within the 
central and eastern US.” 
 
The staff identified six soil profiles during the review of  MUAP-10006, Revision 3, "Soil-
Structure Interaction Analyses and Results for the US-APWR Standard Plant."  To help the 
staff better understand the applicant’s approach for modeling of the basemat, the applicant is 
requested to address the following questions: 

1. How many soil profiles were selected from these six soil profiles to perform the 
structural analysis?  

2. How are the properties of the subgrade layers from the selected soil profiles used in the 
FE model? 

  

 
03.08.05-57 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.4, “Analyses of Settlement,” the second paragraph (Page 3.8-100) states, 
“The tilt induced by differential settlement, used in calculating gap closure, is a rigid body 
rotation conservatively calculated as the maximum differential settlement within the same 
structure divided by the distance between the points on the basemat where this differential 
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settlement occurs. Differential settlements between adjacent structures are defined as the 
maximum difference between settlements of any two neighboring points on the basemats, each 
of them on one of the adjacent structures.” 
To help the staff better understand the applicant’s approach for computing the gap closure, the 
applicant is requested to provide the gap closure calculations for the reactor building (R/B) and 
adjacent building. 

  

 
03.08.05-58 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.4, “Analyses of Settlement,” the third paragraph (top of Page 3.8-101) 
states, “The weight of the AC/B [access building] is the analysis (3000 ft by 2400 ft in a 
horizontal plane, and 960 ft in depth) is chosen to be sufficient to avoid the effects of boundary 
conditions on the resulting settlements.” 
The above statement is not clear to the staff.  The staff requests the applicant to explain and/or 
revise that statement.  

  

 
03.08.05-59 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.4, “Analyses of Settlement,” the third paragraph (top of Page 3.8-101) 
states, “The modeling and analysis procedures for settlement account for the flexibility of 
structures and subgrade. Settlements are calculated by 3D FE [finite element] analysis using 
ANSYS for short term (resulting from dead loads introduced during plant construction) and long 
term static loads (acting over the operating life of plant). … The deformability properties of the 
subgrade layers are established to simulate immediate and time dependent deformability of 
natural soil materials using soil deformation properties similar to profile 270-500 (see Table 
3.7.1-6).” 
 
The applicant is requested to provide detailed technical information on how the time dependent 
deformation of natural soil is modeled and analyzed using 3D FE in ANSYS; and how the time 
dependent settlements are considered in the basemat design.  

  

 
03.08.05-60 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.4, “Analyses of Settlement,” the fourth paragraph (Page 3.8-101) states, 
“Subgrade settlements consist of immediate settlements that occur at load application and are 
elastic-plastic, and time-dependent settlements that develop in time under constant load 
(viscous deformations, primary consolidation settlements).” 
 
The applicant is requested to provide detailed information on the following: 

1. How the primary consolidation is calculated using ANSYS?  
2. Which ANSYS element was used in the modeling?  
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3. Is the settlement due to secondary consolidation considered?  
4. What are the calculated values of differential settlements between buildings and their 

corresponding allowable values for piping design? 
  

 
03.08.05-61 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.4.4, “Analyses of Settlement,” the fifth paragraph (Page 3.8-101) states, 
“The loads considered in the settlement analyses are as follows: …Live Loads(L), assumed to 
act with 25% of their maximum intensity considered for structural design (i.e., long term 
values), during the operational life of the plant.” 
 
The staff believes that the maximum live load reduction allowed in ANSI/ASCE 7-05 is 40%. 
 Therefore, the applicant is requested to provide the code basis for considering only 25% of live 
loads in the settlement calculation.  

  

 
03.08.05-62 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
DCD Tier 2, Table 3.8.5-6, "Load Combinations and Calculated Minimum Factors of Safety for 
Stability of Seismic Category I and II Structures," shown on Page 3.8-160 presents the load 
combinations and calculated minimum factor of safety for stability of seismic Category I and II 
structures. 
 
The staff notices that the same column heading, ‘overturning,’ is used for columns 3, 4, and 5 
of Table 3.8.5-6. The applicant is requested to correct this mistake.  

  

 
03.08.05-63 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.5.1, “Overturning Acceptance Criteria,” the last paragraph (Page 3.8-105) 
states, “The effects of basemat uplift are included at every time step by determining the 
reduction in contact area due to the time varying vertical force (up or down) and moments.” 
 
The applicant is requested to explain how the information on the reduction of contact area is 
used in its overturning stability calculation.  

  

 
03.08.05-64 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.5.1, “Overturning Acceptance Criteria,” the last paragraph (Page 3.8-105) 
states, “The overturning safety factors are calculated at each time step of the design 
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earthquake excitation as the ratio between the resisting moments and the driving/overturning 
moments.” 
 
The staff notices that in Subsection 3.8.5.4.2, “Analyses for Basemat Loads during Operation,” 
the fourth paragraph (Page 3.8-98) states, “the dead loads and SSE [safe shutdown 
earthquake] loads are applied as static acceleration to the node of the FE [finite 
element] model…The SSE loads are applied as equivalent static loads.”  Based on these 
statements, the staff believes that the analyses performed for the reactor building (R/B) 
complex basemat are static analyses; not dynamic analyses.  The applicant is requested to 
provide detail information for calculating the overturning safety factor at each time step in a 
static analysis.  

  

 
03.08.05-65 
 
On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change. 
 
In Subsection 3.8.5.5.1, “Overturning Acceptance Criteria,” the second paragraph (Page 3.8-
104) states, “The calculated minimum factor of safety presented in Table 3.8.5-6 show that the 
SSE [safe shutdown earthquake] load combination governs over wind and tornado load 
combinations for evaluating overturning stability. The standard plant SSE overturning stability 
evaluations are performed using the dynamic FE [finite element] models and the seismic 
driving forces/moments obtained from the site independent SSI [soil-structure interaction] 
analyses.” 
 
The applicant is requested to provide the following information: 

1. Indicate whether the calculated minimum factor of safety presented in Table 3.8.5-6 is 
in the E-W or N-S direction for the overturning stability because the reactor building 
(R/B) complex is not a square shape. 

2. Descriptions for the “dynamic FE models” mentioned in the second sentence of the 
quoted sentences above, and the differences between these dynamic FE models with 
those presented on Figures 3.8.5-5 through 3.8.5-10. 

3. Does the calculated minimum factor of safety presented in Table 3.8.5-6 consider the 
three directions of earthquake input simultaneously?  

  

 
03.08.05-66 

In its revised response to RAI 340-2004, Question 03.08.05-13, dated March 29, 2013, the 
applicant states that “Differential settlement across the R/B [reactor building] complex 
foundation is 5.5 in. (this corresponds to a general slope of the R/B complex foundation smaller 
than 1/1000).”  The staff found that statement to be incorrect.  The R/B complex basemat is 
335 (ft) in north-south direction and 413 (ft) in east-west direction.  5.5 (in) corresponds to a 
slope of 1/731 in the north-south direction and 1/901 in the east-west direction.  Both slopes 
are greater than 1/1000; not less than 1/1000 as stated above.  The applicant is requested to 
address the discrepancy. 

  

03.08.05-67 

In its revised response to RAI 340-2004, Question 03.08.05-18, dated March 29, 2013, the 
applicant states that the values for the minimum factor of safety against overturning are listed 
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in Table 1 of its response for the six soil profiles.  The staff notices that the minimum value of 
the factor of safety against overturning listed in Table 1 is 1.25.   

On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide 
updated information related to a seismic design change, which included a new Table 3.8.5-6, 
"Load Combinations and Calculated Minimum Factors of Safety for Stability of Seismic 
Category I and II Structures."  In Table 3.8.5-6, the factor of safety against overturning is 
listed as 1.2, which differs from the RAI response.  The applicant is requested to verify the 
accuracy of this value and list the correct value in the tables.  
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