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US-APWR Section 9.1.4:  Supplemental RAIs 
  
  
RAI 09.01.04-21               Follow Up to RAI 09.01.04-16 
  
The staff requested that Mitsubishi Heavy Industries, LTD (MHI or the applicant) address 
operating experience considerations associated with refueling cavity seals in Request for 
Additional Information (RAI) 09.01.04-16 dated December 15, 2009.  The applicant 
provided its response to the staff’s request in a letter dated February 22, 2010 (MHI 
response to RAI No. 507-3993, Rev. 0).   In general, the staff has determined that the 
applicant’s response is incomplete and needs to be revised as appropriate to include 
consideration of the following items: 
  

1.    The response indicated that the permanent cavity seal (PCS) is a stainless 
structure that is permanently attached to both the reactor vessel flange and the 
refueling cavity floor with both bolted joints and welds.  The response included a 
figure to show the PCS, but it did not indicate where the welds are located or how 
the bolted joints are sealed to prevent leakage.  The DCD also needs to 
explain/specify: 
  

a.    if the seal is treated as a structure or mechanical component, 
  

b.    codes or standards that apply to the seal assembly, 
  

c.    codes/standards that apply to welds, and distinction between shop vs. 
field welds, and 

  
d.    why catastrophic failure of welds will not occur. 

  
2.    Item (a) of the RAI requested the applicant to provide information concerning the 

PCS and any other seals that will be used and whose failure could cause the 
refueling cavity to drain.  Except for the PCS and seals on the cask pit and fuel 
inspection pit gates, other seals and plugs that fit this description were not 
described in the response.  For example, seals that are typically installed in the 
steam generator hot leg and cold leg nozzles to facilitate inspection and repair 
activities were not described.  Additional information is also needed to explain 
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how leakage through the seals on the cask pit and fuel inspection pit gates will 
cause the refueling pit to drain down (i.e. diagrams showing relative elevations 
and flow paths need to be provided). 
  

3.    The response indicated that the leak rate from the PCS is limited to less than 1 
gpm.  This is based on the expected flow rate through a very small crack in a 
PCS weld.  However, because the PCS is not designated as safety-related, 
seismic Category I, catastrophic failure of the PCS is not precluded by the 
design.  In order to ensure that catastrophic failure will not occur, the PCS should 
also include primary and backup seals; leakage detection with annunciation in 
the control room; and provisions to ensure that periodic maintenance is 
performed (such as flushing after use and gasket replacement), inspections are 
conducted prior to use, and periodic NDE of welds is performed in accordance 
with welding codes/standards. 
  

4.    The response referred to a leak detection system for the PCS but did not provide 
any specific information about the design and safety classification of this system 
or other systems that are available during refueling to alert operators in the 
control room and in the vicinity of the refueling machine of abnormal conditions. 
  

5.    It isn’t clear from the response how many fuel assemblies can be located in the 
refueling cavity at the same time, including any fuel bundles that are located in 
temporary storage racks for performing maintenance, inspection, and shuffling 
activities. 
  

6.    The response indicated that if a rapid drain down of the refueling cavity were to 
occur, fuel in transit can be put back into the reactor vessel.  However, this isn’t 
really a viable option due to limitations that exist in manipulating the refueling 
machine and unforeseen delays that can occur when trying to align fuel to place 
it back into the reactor vessel.  Also, the number of fuel assemblies that have to 
be relocated is an important factor and needs to be considered and addressed 
for rapid drain-down of the refueling cavity. 
  

7.    Item (d) of the RAI requested that the applicant provide information concerning 
all of the paths (other than the PCS and other seals) that are capable of 
inadvertently draining the refueling cavity.  The response indicated that there are 
no paths that are capable of draining the refueling cavity other than those 
referred to in response to item (a).  The only path that fits this description from 
item (a) is the refueling cavity drain valve.  Based on the response, there are 
several cavity drain valves involved and they need to be described.  Also, while 
the response indicated that these valves are confirmed to be in their proper 
position prior to filling the refueling cavity, how this action is assured by COL 
applicants has not been explained.  Furthermore, other potential refueling cavity 
drain paths were not recognized and described, such as misalignment of the 
residual heat removal system.  All potential refueling cavity drain paths need to 
be described and addressed. 
  

8.    Item (f) of the RAI requested that the applicant revise the DCD as appropriate to 
reflect the information that was provided in response to this RAI.  The response 
indicated that the DCD would be revised to include the design specifications for 
the PCS in Tier 2 Table 3.2-2.  However, this is insufficient in that the DCD needs 
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to include descriptions and design details of seals and drain paths that can 
potentially cause a rapid loss of water from the refueling cavity.  The DCD also 
needs to describe provisions that will be implemented by COL applicants to 
ensure that rapid drain down of the refueling cavity is not likely to occur and that 
emergency response procedures are established and implemented for such 
events as appropriate.  For example, the DCD needs to explain how seals and 
flow paths will be maintained and controlled to ensure adequate performance 
and integrity over the life of the plant, what indication and annunciation will be 
available to alert operators in the control room and in the vicinity of the refueling 
machine of a loss of refueling cavity inventory; and to what extent emergency 
response procedures need to be established for addressing loss of refueling 
cavity inventory events.  COL information items or other means as appropriate to 
ensure that COL applicants establish and implement procedures for: 
  

a.    responding to pool drain down events, 
  

b.    performing periodic maintenance and inspection of the PCS and other 
seals and plugs in accordance with vendor recommendations, and 

  
c.    monitoring cavity seal leakage. 

  
While the information referred to above can be reflected in those Tier 2 Sections of the 
DCD deemed most appropriate by the applicant, it is the staff’s preference to include this 
information in Tier 2 Section 9.1.3 to the extent this is practical and convenient. 
  
Reference:  MHI's Responses to US-APWR DCD RAI No. 507-3993; MHI Ref: UAP-HF-
10050; dated February 22, 2010; ML100550211. 

 
 


