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03.08.01-2 

NOTE:  This question and all other questions in this Request for Additional Information 
(RAI) were based on Revision 1 of the Design Control Document (DCD).  These 
questions were written prior to the receipt of DCD Revision 2 on 10/28/2009.  If the 
response to a question can be found in Revision 2, the applicant needs to identify where 
and how the response is provided. 
  
  
In its response to Question 3.8.1-1 (of RAI 223-1996 hereinafter unless indicated 
otherwisem, dated 4/14/2009, MHI Ref: UAP-HF-09161, ML091060749), Mitsubishi 
Heavy Industries (MHI) points out that it is similar to Question 06.02.05-19 of RAI 62 
dated 10/01/2008. MHI’s position is that the structural integrity of the prestressed 
concrete pressure vessel (PCCV) should be evaluated with different criteria than that 
contained in RG 1.136 for severe accident cases.  {It should be noted that this position is 
counter to the intent of RG 1.136 in which loadings to be considered include all types of 
accidental loads [specifically loss of coolant accident {LOCA), hydrogen burn, etc.]}.  
Previously, in its evaluation of MHI’s response to Question 06.02.05-19, the NRC staff’s 
conclusion was that the response was unacceptable.  The staff finds that the same 
conclusion applies in this current review of MHI’s response to Question 3.8.1-1, namely, 
MHI’s position as stated in the response is not acceptable because Regulatory Position 
5 in RG 1.136 makes it clear that the applicant is to evaluate the containment structure 
for several severe accident loads, including loads associated with LOCA accidents and 
the effects of a hydrogen burn following a 100% fuel clad metal-water reaction.  The staff 
subsequently issued follow-up Question 06.02.05-34 of RAI 270-1898.  The following is 
the open Item for this issue:  
 

“Open Item 6.2.5-13:   The staff requested, in RAI 6.2.5-19 (RAI 62) that the 
applicant clarify whether the load associated with dead load plus 45 psig, would 
result in higher containment loadings than would result from the loads associated 
with the releases of hydrogen generated from 100% metal-water reaction of the 
fuel cladding and accompanied by uncontrolled hydrogen burning. 
  
The applicant provided the following response:  
 
“MHI agrees that the NRC's concern is true, that the load associated with the 
release of hydrogen generated from 100% cladding-water reaction exceeds the 
one associated with dead load plus 45 psig. As for the MHI's understanding, it is 
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necessary to separately consider the design-basis accident and severe accident 
for this issue.  The discussion provided in Section 3.8.1.3.2.2 of the DCD is 
based on the design-basis accident, thus 100% cladding reaction is not taken 
into account. The postulated condition with 100% cladding reaction is obviously 
significantly beyond the design-basis.  The conclusion in Section 3.8.1.3.2.2 is 
therefore good only for the evaluation on the design-basis accidents. The US-
APWR PCCV is designed based on a [Design Basis Accident] DBA pressure Pa 
of 68 psig and a corresponding design test pressure of 1.15 x Pa, hence the 
minimum design condition of D+45 psig is satisfied under the postulated 
conditions of DBA. On the other hand, Section 19.2 of the DCD describes the 
severe accident analyses, including the pressure load associated with the 
hydrogen released from 100% cladding-water reaction.  Please refer to the 
technical report "US-APWR Probabilistic Risk Assessment" (MUAP-07030) 
Chapter 15 Separate Effect Analysis, in which detailed discussions on severe 
accident evaluations are provided. Section 15.3 of this report describes the 
discussion on the hydrogen generation and control, and the evaluations of the 
containment integrity under the hydrogen burning condition, including local burn 
and global burn, are described. Chapter 16 of this technical report describes the 
discussion on the containment ultimate pressure capability, in which the ultimate 
containment capability is evaluated as 216 psia. It is concluded from these 
evaluations that the containment integrity is sufficiently maintained against the 
challenge from hydrogen burn associated with 100% cladding-water reactions." 
  
The staff has reviewed this response and has identified that the following needs 
to be addressed by the applicant: 
  
The staff does not agree with MHI’s position that the structural integrity of the 
PCCV should be evaluated with different criteria than that specified in RG 1.136 
for the severe accident case.  RG 1.136 section C(5) clearly states that severe 
accident loads, such as the pressure resulting from an accident that releases 
hydrogen generated from 100% fuel clad-metal-water reaction plus the pressure 
resulting from uncontrolled hydrogen burning be considered in the Factored Load 
Category when evaluating allowable limits from stresses and strains, when using 
ASME Article CC-3720. 
  
Please provide an American Society of Mechanical Engineers (ASME) Code, 
Section III, Division 2, Subarticle CC-3720 analysis that demonstrates that 
containment structural integrity will be maintained in such an event, or please 
provide an alternate methodology, and clarify the DCD. 
  
The staff has identified this as open item 6.2.5-13.” 

 
In their response to this current Question 3.8.1-1, MHI states that they will investigate 
this problem and incorporate the necessary modifications associated with this Question 
3.8.1-1 in the DCD, Revision 2.  MHI further states that Chapters 19 and 3 will be 
revised as necessary to: (1) provide values of Pg1 and Pg2 (in the RG 1.136.equations); 
and (2) further clarify the discussion. 
 
For this Question 3.8.1-1, the applicant is requested to demonstrate that the PCCV steel 
liner does not develop any cracks or tears that could jeopardize the leaktightness 
function of the liner when the PCCV is subjected to the pressure loads associated with 
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the 100 % metal-water reaction and uncontrolled hydrogen burn.  The guidance in RG 
1.136 should be considered in determining the factored loads used in any calculations 
made to provide this demonstration.  

 
 
03.08.01-3 

In its response to Question 3.8.1-2, MHI states that the mesh size for the finite element 
method (FEM) analyses was studied to assure that a sufficiently small mesh size was 
chosen to accurately determine forces and moments needed for the design of the 
PCCV.  MHI states that convergence is satisfied if the change in calculated forces and 
moments are observed to be less than +/-10% for those forces and moments controlling 
the structural design.  MHI also states that the mesh size used for the US-APWR is 
generally smaller than that used for the Japanese APWR. 
 
MHI further states that the mesh size issue was studied using a horizontal load at the top 
of the cylindrical shell of the PCCV and applying an internal pressure in the PCCV of 10 
psig. 
 
The applicant is requested to provide the following information: 
 
The staff finds that the use of +/-10% for the bounds on comparing results from models 
using progressively smaller (or larger) mesh sizes to be an acceptable criterion.  
However, the staff notices that in Table 3 and Table 4 in the response that several 
values for the forces and moments vary by much more than 10%.  The applicant is 
requested to explain why these values with large differences are not important.   Also, 
the data presented in Table 1 in the response that compared mesh size used for the US-
APWR with that used for the Japanese pressurized water reactor (PWR) do not provide 
any supporting information for meeting the convergence criterion. MHI is requested to 
provide additional information on a convergence study performed for the mesh used in 
US-APWR.  

 
 
03.08.01-4 

In its response to Question 3.8.1-3, Part (a) MHI states that by conservatively assuming 
that the lower bound for Pult is based on initiation of yielding of steel rebars, prestressing 
tendons, and liner, then “functional failure” (i.e., liner tears) cannot occur since that 
would require plastic deformation of at least the liner.  MHI states that the estimated 
ultimate pressure capacity of the PCCV is an absolute lower bound and that the actual 
value (based on structural failure) would be greater. 
 
IIn their response to Part (b) of Question 3.8.1-3, MHI addresses the magnitude of 
stresses in the PCCV structure near major penetrations.  This is not responsive to the 
question in which the staff intended to request that the ultimate pressure capacity of the 
penetration assemblies be determined, not the PCCV shell in the vicinity of the large 
penetrations.  In other words the staff asks in Question 3.8.1-3 for the estimated 
pressure capacity of the airlock and equipment hatch metal assemblies themselves, not 
the PCCV shell.  Further, MHI states that because additional reinforcement is provided 
in the PCCV at large major penetrations, these areas are stronger than the PCCV in the 
free-field (i.e., away from the penetrations.)  This does not seem to be self evident, since 
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the strength of the PCCV in the vicinity of the large penetrations depends on the amount 
and location of the additional reinforcement.   
 
The applicant is requested to provide the following information: 
 
The applicant is requested to provide an evaluation of the ultimate pressure capacity of 
the steel containment penetration components, specifically the airlock assemblies and 
the equipment hatch. This evaluation should include an assessment of the leaktightness 
of gasketed and /or sealed doors used in the airlocks.  In addition to the structural 
integrity calculations, the applicant is requested to explain how leakage from the various 
containment elements (e.g., penetrations, bolted connections, seals, hatches, bellows) 
were evaluated and what leakage acceptance criteria were utilized to verify the final 
ultimate capacity of the containment. 

 
 
03.08.01-5 

In its response to Part (a) of Question 3.8.1-5 MHI explains that the soil springs used in 
the analysis of the PCCV superstructure are elastic springs with tension capability.  This 
is done to simplify the analysis and conservatively maximizes the magnitude of the 
forces and moments used in the design of the PCCV.  MHI states further that the soil 
springs used in the analysis for design of the R/B-PCCV basemat do not have tension 
capabilities. MHI states that all spring values for the FE model are determined based on 
the SSI lumped values given in the DCD (Table 3H.2-14).  MHI states that they will 
modify Subsection 3.8.5.4.3 to clarify that the individual nodal springs of the FE model 
do not have rotational stiffness. 
 
For Part (b) of the question MHI states that their rationale for the use of different springs 
used to model the supporting soil is contained in their response to Part (a) above.  MHI 
presents tabulated values of these different springs as requested in the RAI. 
 
For Part (c) of the question the applicant states that they will revise DCD Subsection 
3.8.5.4.2 to clarify that the Newmark 100-40-40 method is used to combine the three 
components of the seismic load. The Newmark method is chosen because it provides 
more realistic representation of the magnitudes of the resulting compressive and tensile 
stresses acting on the reinforced concrete cross sections. 
 
For Part (d) of the question MHI explains that what is meant by the term “beyond” in 
DCD Subsection 3.8.1.4.1.1 is that the results of the analysis using the elastic approach 
envelope those obtained using an “inelastic” approach. MHI further states that the 
Square Root of the Sum of the Squares (SRSS) method used for calculating the seismic 
loads for the structural design of the PCCV is in accordance with the requirements of 
ASME Code, Article CC-3520 for the shear reinforcement design.  For loading other than 
shear MHI also used SRSS to standardize the overall PCCV design. 
 
For Part (e) of the question MHI explains that in order to fully respond to this part of the 
question they will need to furnish NRC with “backup data to substantiate their claim that 
the [stress] redistribution effects are insignificant.” 
 
The applicant is requested to provide the following information: 
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1. For Part (a) of their response, MHI stated that the springs are assigned tension 
capacity with the intent to simplify the analysis and conservatively maximize the 
design forces and moments used for the design of the PCCV superstructure. MHI 
is requested to provide numerical data to substantiate the claim that use of the 
springs with tension capacity maximizes the design forces and moments for the 
design of the PCCV superstructure.    

 
2. For Part (b), MHI presents the soil spring constant for each of the three directions 

per unit area for the FE model in Table 1. These spring constants are the 
average values over the entire basemat of the dynamic soil springs calculated 
based on the American Society of Civil Engineers (ASCE) 4-98. The staff finds 
that MHI’s approach is unacceptable because these springs do not reproduce the 
theoretical distribution of the soil pressure for a uniform displacement of the 
foundation.  Further, MHI is requested to check the units for the vertical spring 
constant for Method 2, kv2, mentioned in their response, and provide an 
explanation for why it does not depend on the angle of rotation. Does kv2 have 
the tension capability? MHI is also requested to provide the criteria for “lift off” 
used in the analysis and explain the meaning of “Main loading direction” stated in 
Table 2 of their response. Are there any minor loading directions? If yes, please 
describe them. Are vertical soil springs used for any minor loading directions?  

 
3. For Part (c) of MHI’s response their explanation of why the Newmark 100-40-40 

method is better than the SRSS method for the non-linear analysis is not 
acceptable because the reason given doesn’t seem to have a rational technical 
basis. These two methods are used to calculate the seismic response due to the 
excitations of the three components (two horizontal and one vertical component) 
of the earthquake motion, using the response spectrum method. The underlying 
assumption for the response spectrum method is linear elastic analysis. So, 
strictly speaking, both the Newmark 100-40-40 method and the SRSS method 
should not be used in a non-linear analysis. Therefore, comparing these two 
methods for a non-linear analysis does not seem to be appropriate. MHI is 
requested to provide the rationale that clarifies these issues. 

 
4. For Part (d) of the response, MHI states that “the results of the analysis using the 

elastic approach described in (a) envelope the results of the inelastic approach.” 
This statement may be true by comparing the results obtained by these two 
methods. However, the staff notices that the assumption and approach used to 
calculate these results are not theoretically sound for the reasons stated in the 
evaluation of Part (b) and Part (c) above.   The applicant is requested to clarify 
this statement in view of its response to Parts (b) and (c) above. 

 
For Part (e) the applicant is requested to provide the additional data [mentioned in its 
response to Part (e) above] that are needed to support the claim that the stress 
redistribution effects are insignificant. 

 
 
03.08.01-6 

In its response to Question 3.8.1-2, Part (a) of the question, MHI states that the PCCV 
buttresses are modeled using shell elements as part of the PCCV in the 3-D global FEM 
model.  A figure is included that shows an enlargement of this detail.  MHI provides an 
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explanation of how the primary and secondary forces are considered in the design, citing 
the ASME Code, Table CC-3136.6-1.  The explanation includes a discussion of 
secondary forces due to creep shrinkage and thermal input forces.  MHI describes the 
use of a post-processor to evaluate the results of the FE model analysis.   
 
For Part (b) of the question MHI states that the discontinuity effects of the buttresses are 
captured by the fact that the centerlines of the buttress shell elements and the wall shell 
elements are offset from each other.  It is stated that the detailed design of the tendon 
end anchorage reinforcement also considers local effects.  MHI points out that the 
design of the tendon and tendon anchorage details needs to be confirmed by the COL 
applicant based on as-built material properties of the tendon system and the concrete. 
 
In general, MHI’s response is reasonable and acceptable to the staff. However, in Part 
(b) of the MHI’s response, MHI states that “The thickness of the buttress shell elements 
is 92” which is 40” thicker than the cylindrical wall elements. The centerlines of the 
buttress elements are accordingly offset from the centerlines of the wall elements. 
Therefore, the discontinuity effects of the buttresses are captured automatically by the 
global FE model analyses.” The staff notices that MHI used the computer code ANSYS 
Release 11 (DCD Reference 3.8-14) to check the NASTRAN results.  
 
The staff is aware that ANSYS (Release 11) will not automatically account for the 
discontinuity effects due to the offset of the centerlines. Therefore, MHI is requested to 
provide information that shows how discontinuity effects are captured automatically in 
the ANSYS analysis.  

 
 
03.08.01-7 

In its response to Part (a) of Question 3.8.1-7, MHI states that the average and 
equivalent linear gradients are the components of the equivalent linear temperature 
distribution that is applied to the FE model for the purposes of structural design.  
Formulas are presented by MHI for the average and equivalent linear gradients of the 
temperature in the sections of the PCCV, along with sketches used to illustrate these 
formulations. 
 
In response to Part (b) of the question MHI explains that the thermal gradients across 
the PCCV cylindrical walls, basemat, and dome are calculated from the formulas 
described in (a) above.  MHI notes that they include the effects of the liner plate on these 
temperature distributions.  The results of these calculations are presented in several 
tables in the response which include the results for both summer and winter conditions.  
Several figures are presented that show graphically the temperature distributions in the 
PCCV dome, cylindrical walls, and the basemat. 
 
The staff finds that MHI presents an acceptable explanation of the terms “average” and 
equivalent linear gradients” that provides an adequate clarification of these terms.  In 
addition, the response includes detailed information on the formulas used in these 
temperature calculations.   The applicant presents several pages of figures that show the 
temperature distributions in the PCCV cylindrical walls and dome, and for the PCCV 
basemat.   
 
The applicant is requested to provide the following information: 
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MHI points out that the methodology used to calculate theses temperature distributions 
is almost the same as that of American Concrete Institute (ACI)-349, except that MHI 
also considers the effect of the steel liner on these temperature distributions.  The 
applicant is requested to explain the significance of including the ¼ in. steel liner plate in 
the heat transfer calculations (as opposed to the approach used in ACI 349). 

 
 
03.08.01-8 

In its response to Question 3.8.1-8, MHI states that an analysis of the PCCV for seismic 
loadings determined that the resulting shear forces and moments do not cause cracking 
at the base of the PCCV cylindrical wall. Based on this MHI concludes that concrete 
cracking has only an insignificant effect on the natural frequencies of the PCCV.  In 
addition, MHI states that investigation of load combinations of ASME Table CC-3230-1 
was also conducted and they concluded that the effects of concrete cracking were not 
extensive enough to significantly affect these natural frequencies.   MHI further states 
that the results of these analyses (which were omitted from the DCD) could be included 
if converted to ASME code checks. 
 
The applicant is requested to provide the following information: 
 

1. The staff finds MHI’s response not acceptable because the concrete cracking may 
be caused by other loadings, such as the thermal load. The concrete may be 
already cracked before the SSE event. The applicant is requested to provide the 
rationale to support the argument that this scenario is not possible. 

 
Also, in the 6th line of MHI’s response it states: “….that cracking was not extensive 
enough to significantly affect the natural frequencies of the PCCV.”  This terminology is 
qualitative and the applicant is requested to provide the actual values that describe the 
extent of concrete cracking, such as providing a map of concrete cracking of the PCCV.  
In addition, the applicant is requested to explain the meaning of the second paragraph in 
the response, including what “results” are referred to in the sentence, and why and how 
would these results be “converted to ASME Code checks.” 

 
 
03.08.01-9 

In its response for Part (a) of Question 3.8.1-9, MHI states that thermal forces and 
moments are reduced according to the concrete cracking depth during the post-
processing of the global FE model analysis results. The reduction is based on 
redistribution of section forces and moments that occurs from the concrete cracking. 
 
For Part (b) of the question MHI explains that the depth of concrete cracking is 
calculated by determining the neutral axis of the cross-section of the member, along with 
consideration of strain compatibility among the concrete, liner, tendons, and steel 
reinforcement.  A summary description of the stress verification methodology is 
presented in this response, including simplified examples to demonstrate the 
methodology.  
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The staff finds that MHI’s response does not clearly indicate how thermal forces and 
moments are reduced according to the concrete cracking depth. In MHI’s response, a 
notation, σc1, is used to denote the extreme fiber stress of the concrete; however, in the 
example given at the end, an additional notation, σc2, is introduced without any 
explanation. MHI is requested to clarify this confusion.  Also, MHI is requested to provide 
a calculation example that is taken from the US-APWR design, and that will have 
numerical results clearly showing the amount of reduction in forces and moments and 
the concrete cracking depth. 

 
 
03.08.01-10 

In its response to Question 3.8.1-10, MHI states that considerations of concrete cracking 
effects on the global model of the PCCV are discussed in their response to Question 
3.8.1-(0)8. It is further stated that the presence and the extent of the cracking within a 
section, and the distribution of forces and moments within a cracked section, is 
determined and evaluated as part of the post-processing of the global FE model results. 
 
The staff finds that MHI’s response to this question is not acceptable. MHI’s response to 
this question is based on the response to Question 3.8.1-8 in which MHI states that the 
concrete will not crack. This implies that the redistribution of section forces and moments 
due to concrete cracking was not included in the analysis. However, the implication in 
the above response to this Question 3.8.1-10 seems to be that there is cracking and that 
cracking is determined in the post-processing of the global FE model results. The 
applicant is requested to explain whether or not concrete cracking was considered in the 
PCCV analysis. If it was considered, how was it accounted for in the analysis, and how 
were the forces and moments redistributed? 

 
 


