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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
Additionally, NUREG-0711Criterion 1 states,  

  
(1)  Functional requirements analysis and function allocation should be performed 

using a structured, documented methodology reflecting HFE principles. The 
functional requirements analysis and function allocation may be graded based 
on: 

·         The degree to which functions of the new design differ from those of 
the predecessor  

·         The extent to which difficulties related to plant functions were identified 
in the plant’s operating experience and will be addressed in the new 
design. 

  
In the case of MHI's submittal of the functional requirements analysis (FRA) and function 
allocation (FA) portion of the Human Factors Engineering Program for the US-APWR 
design, overall, the staff does not have sufficient information to determine that the 
function requirements analysis and function allocation (FRA/FA) that supports the design 
was performed using an acceptable structured, documented methodology incorporating 
HFE principles.  Therefore, 10 CFR 52.47 and the NUREG-0711 criterion have not been 
satisfactorily addressed for this aspect of the US-APWR design. MHI should provide a 
level of detail commensurate with an implementation plan for all NUREG-0711 FRA/FA 
criteria except the following: 2 (related to keeping the FRA/FA current over the design 
life cycle); 3 (related to description of functions and systems); 6 (related to documenting 
the FA technical basis); and 7 (related to FA modifications).  As an example, the staff 
considers the following general level of detail characteristics that an implementation plan 
should contain, at a minimum:  
  

• The implementation plan methodology is complete; i.e., the scope, 
inputs, analyses to be performed, outputs, and documentation are 
described in the plan.  

• The methodology is described in a step-by-step format.  This level 
of detail supports the determination that design personnel can 
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reliably use the implementation plan and that consistent results 
will be achieved by knowledgeable engineering personnel.  

• The methodology is “executable,” i.e., a) applying the methodology 
leads to results that the staff can review using NUREG-0711, Rev. 
2, criteria and, b) the methodology provides sufficient description 
of the quality standards that products will meet and,  

• The methodology can be used to provide acceptance criteria for 
verifying ITAAC completion.   

The MHI US-APWR application needs to be revised to reflect the applicant's 
response to this question. 

  
  

Note: Questions following are examplars of why the MHI FRA/FA implementation plan 
methodology is incomplete. 
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NUREG-0711, criterion 4 states, 
  

(4)  A description should be provided for each high-level function which includes: 
 

•               purpose of the high-level function 
 
•               conditions that indicate that the high-level function is needed 

 
•               parameters that indicate that the high-level function is available  
 
•               parameters that indicate the high-level function is operating (e.g., flow 

indication) 
 

•               parameters that indicate the high-level function is achieving its purpose 
(e.g., reactor vessel level returning to normal) 

 
•               parameters that indicate that operation of the high-level function can or 

should be terminated 
 

Note that parameters may be described qualitatively (e.g., high or low).  Specific 
data values or setpoints are not necessary at this stage. 

  
The DCD, Section 18.3.3indicates that a description is provided for each high-level 
function that includes, specifically, the six items of NUREG-0711 criterion 4. The 
Technical Report (MUAP-090019), Section 1.4.1, acknowledges that a functional 
requirements analysis determines that each high-level function should be described to 
include the six items stated in the above NUREG-0711 criterion.  Figure 1.4-2 of the 
Technical Report also provides a graphical depiction of the MHI (US-APWR) functional 
requirements hierarchy.  MHI indicates that the Figure is associated with Appendix 1.8.1 
of the Technical Report, which provides the results of the functional requirements 
analysis for each of the high-level functions of the MHI design.  The Appendix provides 
an assessment of essential plant functions using several criteria (e.g., plant system, 
parameter of concern, parameter response time, actions needed to return the parameter 
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to its acceptable state). However, the staff’s review of Appendix 1.8.1 determined that 
the Appendix does not address all of the six items in the criterion above.  For example, 
the Appendix does not provide parameters that indicate that the high-level function is 
available or parameters that indicate the high-level function is achieving its purpose.  
Please explain how Appendix 1.8.1 addresses the six items in the above NUREG-0711 
criterion or why the Appendix does not address the item.  Also, please clarify the 
statement made in DCD Section 18.3.3 that, “A description is provided for each high-
level function and includes the following [the six items of the NUREG-0711 criterion]….”  
Where is the description provided?  
  
MHI's application for the US-APWR needs to reflect the response to this RAI.  
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In accordance with NUREG-0711, criterion 5, The technical basis for modifications to 
high-level functions in the new design (compared to the predecessor design) should be 
documented. 
  
MHI's submittal of the functional requirements analysis (FRA) and function allocation 
(FA) portion of the Human Factors Engineering Program for the US-APWR design does 
not satisfactorily address this NUREG-0711 criterion. The MHI Technical Report (MUAP-
09019, Rev 0, states in sub-section 1.2, “The details of the technical basis for 
modifications to high-level functions in the new design (compared to the predecessor 
design) as stated in Reference 1.7.1-1 Subsection 18.3.3, [DCD] are documented.”  The 
Technical Report (MUAP-09019), in Section 1.4.1 (and DCD in sub-section 18.3.3 and 
Topical Report in Section 5.3), indicates that there are two changes from conventional 
PWR plant functions, the use of automatic emergency feedwater isolation of a faulted 
steam generator and the elimination of recirculation of the ECCS and Spray.  DCD sub-
section 18.3 provides an explanation of these changes.  The DCD states that, “A 
detailed description of differences in high-level functions, and the technical basis, 
between the current Japanese PWR design and the US-APWR design is provided in the 
Technical Report (MUAP-07007).”  However, the staff was unable to identify the 
“detailed description of differences…” in the Technical Report (MUAP-09019).  Please 
clarify where in the Technical Report the “detailed description of differences in high-level 
functions, and the technical basis, between the current Japanese PWR design and the 
US-APWR design” exists or provide the descriptions. 
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In accordance with NUREG-0711 criterion 8,  The allocation analysis should consider 
not only the primary allocations to personnel, but also their responsibilities to monitor 
automatic functions and to assume manual control in the event of an automatic system 
failure. 
  
MHI's submittal of the functional requirements analysis (FRA) and function allocation 
(FA) portion of the Human Factors Engineering Program for the US-APWR design does 
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not satisfactorily address this NUREG-0711 criterion for the US-APWR design. The 
DCD, sub-section 18.3.2.2 and the Technical Report (MUAP-09019), Section 1.4.2, state 
that, “The function allocation analysis considers not only the primary allocations to 
personnel, but also their responsibilities to monitor automatic functions and to assume 
manual control in the event of an automatic system failure.”  While the DCD and 
Technical Report (MUAP-09019) acknowledge that the FA considers not only the 
primary allocations to personnel, but also their responsibilities to monitor automatic 
functions and to assume manual control in the event of an automatic system failure, 
neither document explains how the MHI FA accomplishes this criterion.  MHI provides 
some explanation of conducting a function allocation analysis in Section 1.4.2 of the 
Technical Report (and provides related results in Appendix 1.8.4).  However, MHI does 
not relate the results to a method or process that demonstrates how the FA analysis 
addresses the primary allocations to personnel and their responsibilities to monitor 
automatic functions and to assume manual control in the event of an automatic system 
failure. MHI should explain the process MHI uses in the US-APWR FA to consider not 
only the primary allocations to personnel, but also their responsibilities to monitor 
automatic functions and to assume manual control in the event of an automatic system 
failure.   
  
MHI's application for the US-APWR design needs to reflect the response to this RAI. 
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 In accordance with NUREG-0711 criterion 9,  a description of the integrated personnel 
role across functions and systems should be provided in terms of personnel 
responsibility and level of automation. 
  
MHI's submittal of the functional requirements analysis (FRA) and function allocation 
(FA) portion of the Human Factors Engineering Program for the US-APWR design does 
not satisfactorily address this NUREG-0711 criterion for the US-APWR design. The 
Technical Report (MUAP-09019), Section 1.4.3, states that the results of the functional 
requirements analysis and function allocation are documented in the 1.8. Appendices to 
the Report and that, from Appendices 1.8.4 and 1.8.5 descriptions of the integrated 
personnel role across functions and systems is provided in terms of personnel 
responsibility and level of automation can be obtained.  The staff has reviewed the 
Appendices and cannot determine how this criterion is addressed by either MHI's 
process description or the results portion of the report.  As well, Technical Report 
(MUAP-09019) does not contain an Appendix 1.8.5.  Please clarify and explain the 
discrepancy.  
  
MHI's application for the US-APWR design needs to reflect the response to this RAI if 
information has been omitted. 

 
 
18-74 

In accordance with NUREG-0711 criterion 10, the functional requirements analysis and 
function allocation should be verified such that:  1)all the high-level functions necessary 
for the achievement of safe operation are identified, 2) all requirements of each high-
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level function are identified, 3) the allocations of functions result in a coherent role for 
plant personnel. 
  
The staff has reviewed applicable sections related to FRA/FA in the DCD, Topical 
Report (MUAP-07007), and Technical Report (MUAP-09019), and determined that these 
documents do not address this criterion nor provide reference to another section of the 
DCD or other documents that addresses this criterion. MHI, however, in the “US-APWR 
HFE Program NUREG-0711 Compliance Roadmap” (MUAP-09024, Revision 0) 
indicates that verification of FRA/FA “will be included in [a] revision of technical report 
MUAP-09009-P, R0).”  For the MHI US-APWR design certification review, the staff 
interprets the statement in MUAP-09024 as an MHI commitment to verify the FRA/FA as 
intended by the NUREG-0711 criterion in a subsequent revision to the Technical Report 
that will be submitted to the staff for review and approval prior to design certification. 
Therefore, this is a Confirmatory Item. 
  
  
The MHI US-APWR application needs to be revised to reflect the response to this RAI. 
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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical questions which arerelated to the DCD 
and the Topical Report. An acceptable response to the question will help assure that the 
MHI application contains a level of design information sufficient to allow the staff to judge 
MHI's proposed means of assuring that construction conforms to the design and to reach 
a final conclusion on all safety questions associated with the design before the 
certification is granted: 
  
1) Please clarify the following statements in DCD sub-section 18.3.2.1: Detailed 
guidance on the analytical methodology used is provided in Reference 18.3-1, Appendix 
A.3. Additional detailed information on function allocation is focused in Reference 18.3-2 
to supplement Reference 18.3-1, as required. Reference 18.3-3, Subsection 5.3.2, 
provides the criteria that Mitsubishi Heavy Industries, Ltd. (MHI) employed in 
determining function allocation for the reference plants.  Specifically, how did MHI use 
the “detailed guidance” from Reference 18.3-1 (IEC 964) to develop the FRA/FA for the 
US-APWR?  
  
2) Also in the DCD, what is meant by the sentence, “Additional detailed information on 
function allocation is focused in Reference 18.3-2 to supplement Reference 18.3-1, as 
required?  
  
3) In addition, MHI states that the Topical Report (Reference 18.3-3, Subsection 5.3.2) 
“provides the criteria that Mitsubishi HeavyIndustries, Ltd. (MHI) employed in 
determining function allocation for the reference plants.”  Did MHI use the same criteria 
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for the US-APWR?  Also, in the context of the sentence (i.e., the sub-section is related to 
functional requirements analysis), does MHI mean “function allocation” or, “functional 
requirements analysis?”  
  
The MHI application for the US-APWR needs to be revised to reflect the responses to 
these questions.   
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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the DCD. 
An acceptable response to the question will help assure that the MHI application 
contains a level of design information sufficient to allow the staff to judge MHI's proposed 
means of assuring that construction conforms to the design and to reach a final 
conclusion on all safety questions associated with the design before the certification is 
granted: 
  
1) Please clarify the following: DCD page 18.3-4, MHI makes the statement, “The 
functional details are described in the FRA/ FA report.”  What is “the FRA/ FA report?”   

 
 
18-77 

In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the Topical 
Report. An acceptable response to the question will help assure that the MHI application 
contains a level of design information sufficient to allow the staff to judge MHI's proposed 
means of assuring that construction conforms to the design and to reach a final 
conclusion on all safety questions associated with the design before the certification is 
granted: 
  
1) Please clarify which report is being cited in the following sentence contained in 
Topical Report MUAP-07007, Section 5.3, “The function analysis and allocation report 
will document the function allocation for major plant functions, with the primary focus on 
functions of safety significance.” 
  
MHI's application for the US-APWR design needs to be revised to reflect the response to 
this RAI.   
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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the Topical 
Report. An acceptable response to the question will help assure that the MHI application 
contains a level of design information sufficient to allow the staff to judge MHI's proposed 
means of assuring that construction conforms to the design and to reach a final 
conclusion on all safety questions associated with the design before the certification is 
granted: 
  
1)  In Figure 5.3-1 of Topical Report MUAP-07007, please explain how this figure was 
derived.   

 
 
18-79 

  
In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the Topical 
Report. An acceptable response to the question will help assure that the MHI application 
contains a level of design information sufficient to allow the staff to judge MHI's proposed 
means of assuring that construction conforms to the design and to reach a final 
conclusion on all safety questions associated with the design before the certification is 
granted: 
  
1) Please clarify the meaning of the following sentence in sub-section 5.3.2.2 of Topical 
Report MUAP-07007, as it appears incomplete: “Particular operating demands (Other 
case by case criteria for automation).”   
  
MHI's application for the US-APRW design needs to be revised to reflect the response to 
this RAI. 

 
 
18-80 

In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the 
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Technicall Report. An acceptable response to the question will help assure that the MHI 
application contains a level of design information sufficient to allow the staff to judge 
MHI's proposed means of assuring that construction conforms to the design and to reach 
a final conclusion on all safety questions associated with the design before the 
certification is granted: 
  
1) Please clarify in Technical Report MUAP-09019: Part 2 HFE Analysis (Phase 2a), 
Section 1.1 states, “The purpose of this document [the Technical Report] is to describe 
the procedure for how the FRA/FA will be conducted and the results for the US-APWR, 
using the structured and documented methodology contained herein, that reflects human 
factors principles to meet the final goal.”  If, as stated, the purpose of the document is to 
describe the procedure for how the FRA/FA will be conducted (and the results for the 
US-APWR), the staff interprets this statement to mean that the US-APWR FRA/FA has 
not been performed.  As well, if the FRA/FA for the US-APWR has not been performed, 
how can the document contain the “results for the US-APWR” FRA/FA?  Please 
reconcile these discrepancies. [The staff notes that the same theme carries through in 
Section 1.2, which states that, “A FRA/FA process was conducted previously for the 
development of the standard Japanese Human System Interface (HSI) System. The 
FRA/FA for the US-APWR will be based [emphasis added] on that performed for the 
Japanese APWR design, and will include [emphasis added] analyses to address 
differences in the US-APWR design from the predecessor plant.”  Again, the staff 
interprets this statement to mean that MHI will (sometime in the future) base the FRA/FA 
for the US-APWR on the methodology that the Japanese previously used for the 
Japanese (i.e., reference) plants.] 
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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the 
Technicall Report. An acceptable response to the question will help assure that the MHI 
application contains a level of design information sufficient to allow the staff to judge 
MHI's proposed means of assuring that construction conforms to the design and to reach 
a final conclusion on all safety questions associated with the design before the 
certification is granted: 
  
1)  Please clarify where Appendix 1.8.5 is located in the Technical Report, MUAP-09019.  
Figure 1.4-1 refers to it but it does not appear in the Appendix.   
  
MHI's application for the US-APWR design needs to be revised to reflect the response to 
this RAI. 

 
 
18-82 
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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the 
Technicall Report. An acceptable response to the question will help assure that the MHI 
application contains a level of design information sufficient to allow the staff to judge 
MHI's proposed means of assuring that construction conforms to the design and to reach 
a final conclusion on all safety questions associated with the design before the 
certification is granted: 
  
1) Technical Reporrt MUAP-09019, Figure 1.4.1 identifies the FRA/FA report as “Final 
Output.”  Please clarify what this report is and where and when it is available to the staff.   
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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
  
In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the 
Technicall Report. An acceptable response to the question will help assure that the MHI 
application contains a level of design information sufficient to allow the staff to judge 
MHI's proposed means of assuring that construction conforms to the design and to reach 
a final conclusion on all safety questions associated with the design before the 
certification is granted: 
  
1) Part 2, Section 1.4 of Technical Report MUAP-09019 states, “The methodology for 
performing the FRA/FA and documentation to support the HFE analyses are described 
in this section. This methodology is based on that provided in References 1.7.1-2.  
Please explain how the methodologies used by MHI to develop and perform the FRA/FA 
for the US-APWR are based on these references.  Examples of the specific use of these 
references are requested.   
  
MHI's application for the US-APWR design needs to be revised to reflect the response to 
this RAI. 
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In accordance with 10 CFR 52. 47, "The application must contain a level of design 
information sufficient to enable the Commission to judge the applicant's proposed means 
of assuring that construction conforms to the design and to reach a final conclusion on 
all safety questions associated with the design before the certification is granted." 
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In addition to the questions the staff asked that were directly related to specific NUREG-
0711 criteria, the staff has the following technical question which is related to the 
Technicall Report. An acceptable response to the question will help assure that the MHI 
application contains a level of design information sufficient to allow the staff to judge 
MHI's proposed means of assuring that construction conforms to the design and to reach 
a final conclusion on all safety questions associated with the design before the 
certification is granted: 
  
1) Part 2, Section 1.4 of Technical Report MUAP-09019 states, “Since the Japanese HSI 
System forms the basis of the US-APWR HSI System, the US-APWR FRA/FA 
documentation shall include a summary description of the Japanese FRA/FA process, 
and the significant findings from the Japanese FRA/FA that influenced the design of the 
Japanese HSI System.”  Please identify where the summary description of the Japanese 
FRA/FA process is located in the documents submitted to the staff for review.    

 
 


