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Question 18-53:

It is the FSAR that the staff evaluates to make a safety determination. Therefore, the FSAR
should contain all information (either directly or by reference) the staff uses in its evaluation. A
reference to the submitted HFE Design Implementation plan (document no. 118-9047891-001)
was not provided in the U.S. EPR FSAR. Include this reference in the FSAR, or clarify why a
reference to this document is not, and will not be, included in the FSAR.

Response to Question 18-53:

The Response to RAI 322, Supplement 1, Question 18-52 revised U.S. EPR FSAR Tier 2,
Chapter 18 to include references to the U.S. EPR Human Factors Engineering (HFE) Design
Implementation Plan and the other referenced HFE implementation plans.

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-54:

In the HFE Design Implementation Plan, various steps throughout the plan instruct the
Responsible HFE Engineer to "audit" various documents. In some steps within each section, as
in section 3.7.1 for instance, it explicitly gives guidance to "Audit all...", but in other sections it
just says "audit." Clarify what the implementation plan is communicating with the word
"audit", and indicate if there is a particular process associated with the audit that differs from any
indicated in the implementation plan.

Also, when no particular audit process is specified (when the word audit appears by itself), does
the Responsible HFE Engineer "audit all," or is a sample taken of the relevant material to be
audited? If sampling is conducted, how is the sample size determined, and what process is
used to determine the design aspects to be sampled? Provide clarifying information detailing
the scope of the audit term within the implementation plan.

Response to Question 18-54:

For this implementation plan, "audit" means to compare design documentation with the as-built
design to verify that the as-built design matches the plant design, including any design
modifications resulting from verification and validation (V&V) activities. An audit confirms that
the reviewed sample data is representative and that designs, including design modifications,
have been appropriately implemented. There is not an audit process that is different from or
represents a departure from the intent of the human factors engineering (HFE) Design
Implementation Plan.

The term "audit all" is a misnomer for HFE design implementation because a carefully
constructed representative sampling technique is used. HFE issue tracking system (HITS)
items and the resolution of human engineering discrepancies (HED) are confirmed (audited) for
resolution and implementation. The word "review" will replace "audit all" because the HFE issue
resolutions are evaluated as a part of design implementation.

Because the term "audit" does not inherently mean all, the sampling process named operational
conditions sampling (OCS) is described in the Response to Question 18-70 and in the latest
revision of the U.S. EPR V&V Implementation Plan (IP), and is used to define the sample
process. This verifies that the as-built design is reviewed to conform with U.S EPR plant design
criteria.

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.



AREVA NP Inc.

Response to Request for Additional Information No. 328, Supplement 3
U.S. EPR Design Certification Application Page 4 of 121

Question 18-55:

Section 3.1.1 of the HRA Implementation Plan (IP) provides RAW and FV criteria for the risk-
significant human actions (R-S HAs) relative to the Level 1 PRA. It further states that "Similar
risk-importance metrics are produced by the Level 2 PRA results, except that the criterion for
risk-significance is associated with large release frequency (LRF) instead of CDF." For clarity,
provide the specific criterion for LRF risk-significance noted in the IP.

Response to Question 18-55:

The following information will be added to the U.S. EPR Implementation Plan for the Integration
of Human Reliability Analysis (HRA) into the Human Factors Engineering (HFE) Program:

]

The schedule for providing the revised U.S.EPR HRA Implementation Plan is provided below:
Document Number Commitment Date
U.S.EPR Implementation Plan for the Integration of Human 4/17/2010
Reliability Analysis (HRA) into the Human Factors
Engineering (HFE) Program

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-56:

1. NUREG-0711 Section 7.4 (1) specifies that risk important actions be developed from the
Level 1 (core damage) PRA for internal and external events. Section 3.1.1 of the HRA IP
states that human errors are considered risk-significant if they meet defined RAW and FV
values. Clarify that these will include human actions from both the "PRA for Operations at
Power' and the "PRA for Other Modes of Operation," namely low power and shutdown
operations.

2. NUREG-0711 Section 7.4 (1) specifies that risk important actions be developed from the
Level 1 (core damage) PRA for internal and external events. Section 3.1.1 of the HRA IP
states that human errors are considered risk-significant if they meet defined RAW and FV
values. Clarify that these will include human actions from the external events PRA.

3. Section 3.1 of the HRA IP states that "The HRA will be performed iteratively during the
design process." It also states that "New items analyzed during the design process
determined through HRA to have unacceptable risk will be sent back through the HFE
design process along with the applicable performance shaping factors as candidates for
design changes." Provide the measure and threshold for unacceptable risk as used in this
context.

4. NUREG-0711 Section 7.4 (1) specifies that risk important human actions should be
identified. Section 1.5 of the HRA IP in the definition of risk-significant human actions states
that the initial list of these actions is located in Appendix B; but App. B is not included in
Rev. 2. Appendix A of the HRA IP contains a Table titled U.S. EPR HRA Risk-Significant
Human Actions, but it is blank and notes that "list to be developed by PRA/HRA." It appears
that there are currently HFE activities in progress that need the list as input. Review of
FSAR, Chap. 19, Rev. 0 shows tables of HAs with RAW and FV values. Provide a copy of
the most current consolidated list of risk-significant human actions.

5. NUREG-0711 Section 7.4 (2) specifies that risk-important HAs should be addressed in
(among others) task analyses (TA). Section 1.2.1.4 of the HRA IP addresses input to TA
from the HRA. Clarify the HRA IP to specify that there will be a task analysis performed for
each R-S HA.

6. NUREG-0711 Section 7.4 (2) specifies that risk-important HAs should be addressed in
(among others) procedure development. Clarify the HRA IP to specify that each R-S HA will
be addressed in the EPR procedure system.

7. NUREG-071 1 Section 11.4.1.2.1 (2) states that all risk-important HAs should be included in
the operational conditional sample for developing V&V scenarios. Section 1.2.1.9 of the
HRA IP only states that the R-S HAs will be "considered." The HRA IP, Section 3.4, item 3
states that V&V includes test scenarios that assess each R-S HA. Clarify Section 1.2.1.9 to
agree with the other references and state that all R-S HAs will be addressed in V&V. Also,
add to FSAR Section 18.6.2, last paragraph, that fact that all R-S HAs will be addressed in
integrated system validation scenarios.

8. Section 1.2.1.10 of the HRA IP states that the U. S. EPR TM HFE program will require
developing construction staging and commissioning plans, including use of a temporary
control room during construction. Clarify any use of such a temporary control room and
when it would be used.

9. Add the HRA IP as a reference to FSAR Section 18.6.4.
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The schedule for providing the revised U.S. EPR Implementation Plans is provided below:

Document Number Commitment Date
U.S.EPR Implementation Plan for the Integration for Human 4/17/2010
Reliability Analysis (HRA) into the Human Factors
Engineering (HFE) Program
U.S.EPR HFE Procedure Implementation Plan 3/18/2010

FSAR Impact:

U.S. EPR FSAR Tier 2, Section 18.6.2 will be revised as described in the response and
indicated on the enclosed markup.
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Table 18-56-1-Risk-Significant Human Actions (2 sheets)
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Table 18-56-1-Risk-Significant Human Actions (2 sheets)
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Question 18-57:

Section 13.4 of NUREG-0711 Criterion 1 outlines the expected scope for the human
performance monitoring program. The criterion states that the performance monitoring strategy
should provide reasonable assurance that:

1. The design can be effectively used by personnel, including within the control room and
between the control room and local control stations and support centers

2. Changes made to the HSIs, procedures, and training do not have adverse effects on
personnel performance

3. Human actions can be accomplished within time and performance criteria

4. The acceptable level of performance established during the integrated system validation is
maintained.

Sections 1.3 and 1.4 of the U.S. EPR Human Performance Implementation Plan outlines the
scope of the human performance monitoring (HPM) program, and states that monitoring of
human performance continues throughout the life of the plant. HPM ensures that the results of
the integrated system validation are maintained throughout the life of the plant and that operator
performance does not degrade over time. HPM also ensures that issues discovered by
personnel are noted, tracked and corrected before plant safety is compromised, and that
changes made to the U.S. EPR design do not result in a degradation of human
performance. The HPM implementation plan says that the HPM program will ensure that the
design can be effectively used by personnel not only in the control room, but also between the
control room and local control stations and support centers. The plan will also ensure that
changes made to the HSIs, procedures, and training do not adversely affect performance. The
plan continues to say that the program will ensure that human actions can be accomplished
within the time frame and performance criteria defined in the HRA, and that the acceptable level
of performance established during the integrated system verification is maintained. Additionally,
the HPM program will ensure that degrading human performance is detected before plant safety
is compromised and that identified errors in the design are resolved in a timely manner.

It is unclear to the staff how the implementation plan will ensure that the design can be used
effectively over time, how the plan will ensure that changes made to the HSIs, procedures and
training do not adversely affect plant performance, or how the HPM program ensures that
human actions can be accomplished within the time frame and performance criteria defined in
the HRA.

Clarify the scope of the HPM implementation plan and how the program will "ensure"
the identified items.

Response to Question 18-57:
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The schedule for providing the revised U.S.EPR Human Performance Monitoring Plan is
provided below:
Document Number Commitment Date
Human Performance Monitoring Implementation Plan 4/24/2010

FSAR Impact:

U.S. EPR FSAR Tier 2, Section 18.12.1 will be revised as described in the response and
indicated on the enclosed markup.
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Question 18-58:

NUREG-0711 Section 13.4, Criterion 2 states that a human performance monitoring strategy
should be developed and documented.

Section 18.12.2 of the U.S. EPR FSAR lists several tools which will be developed to track
issues. One tracking tool is a corrective action program (CAP) combined with a means for
tracking issues to allow design errors, issues, operator workarounds, operators burdens, and
inefficiencies to be captured and addressed. Both the implementation plan and the FSAR
describe an operational focus index that will be used to trend performance of an operator's day
to day activities.

Several tracking programs are discussed throughout the implementation plan. These include a
corrective action program, an HFE tracking system and the operational focus index.

1. The staff requires more information regarding the use of the operational focus index. It is
not clear whether this tracking system is used in conjunction with the corrective action
program, or if it is a separate tracking database.

2. Clarify the relationship between the operational focus index, the Appendix B CAP program,
the QA database described in the V&V plan, and the HFE tracking system. Describe who
uses them, how information is captured and what happens with the results.

3. Section 3.1 of the implementation plan implies that the U.S. EPR operators can "choose" to
use a separate HFE tracking system or the current corrective actions database. These
tracking systems are discussed interchangeably throughout the implementation plan.
Section 3.1 also states that to ensure all issues are captured, plant personnel are
encouraged to report errors, deficiencies, workarounds, and design inefficiencies. The
Appendix B CAP would "require" rather than "encourage" personnel to report errors,
deficiencies, workarounds, and design inefficiencies. It is unclear whether use of the
Appendix B CAP is mandatory.

4. Clarify the difference between the required appendix B CAP and the HFE tracking system. If
there is no difference between them, what is meant by the word "choose?"

Response to Question 18-58:
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The schedule for providing the revised U.S.EPR Human
Drovided below:

Performance Monitoring Plan is

Document Number I Commitment Date I
Human Performance Monitoring Implementation Plan 4/24/2010

FSAR Impact:

U.S. EPR FSAR Tier 2, Section 18.12.2.5 will be revised as described in the response and
indicated on the enclosed markup.
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Question 18-59:

Criterion 2 of NUREG-0711 section 13.4 says that a human performance monitoring strategy
should be developed and documented. The Human Performance Monitoring Implementation
Plan refers in several places to both an operator focus index and an operational focus index.

Clarify the inconsistent use of this terminology, i.e., operator focus index vs. operational focus

index.

Response to Question 18-59:

The term "operational focus index" and "operator focus index" are indications of plant
performance from an operational perspective. These terms are being renamed to performance
indication. U.S. EPR FSAR Tier 2, Section 18.12.2.5 and the U.S. EPR Human Performance
Monitoring Implementation Plan will be revised to reflect the use of this information to form a
performance indication (PI) terminology. The definition and outline of this is renamed in the
U.S. EPR Human Performance Monitoring Implementation Plan, Section 3.3.

FSAR Impact:

U.S. EPR FSAR Tier 2, Section 18.12.2.5 will be revised as described in the response and
indicated on the enclosed markup.
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Question 18-60:

Criterion 3 of NUREG-0711 Section 13.4 states:

The (HPM) program should be structured such that:

* human actions are monitored commensurate with their safety significance

* feedback of information and corrective actions is accomplished in a timely manner

" degradation in performance can be detected and corrected before plant safety is
compromised

Section 3.1 of the HPM Implementation Plan discusses the role of the HFE tracking system and
the corrective action program with regard to the HPM. Once an issue is identified and is
entered into the database or tracking system, a cognizant engineer performs an analysis to
determine safety-significance. Issues deemed to have high safety-significance are analyzed
further and corrective actions are promptly generated to ensure plant safety isn't compromised.

Provide information as to the guidance and training the "cognizant" engineer will receive to
perform this analysis, to include details on how the analysis will be performed.

Provide information as to the guidance and training the "cognizant" engineer will receive to
perform this analysis, AND include details on how the analysis will be performed.

Response to Question 18-60:

The analysis is performed by the human reliability analysis (HRA) personnel. This is described
in the U.S. EPR Implementation Plan for the integration of human reliability analysis (HRA) with
the human factors engineering (HFE) program. The human performance monitoring
implementation plan will be revised for clarification.

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-61:

Section 11.3 of NUREG-0711 states:

As per Section 1.2.1, item (3) Applicant Submittals, the applicant should provide for staff review
an implementation plan for HFE V&V. Upon completion of the applicant's efforts, a results
summary report should be submitted so that the staff can review the applicant's V&V
evaluations using the criteria provided in Section 11.4 below.

The FSAR Revision 2 should incorporate an explicit reference of the V&V Implementation plan.
The specific implementation plans, used as the basis of the staff's safety determination, should
be referenced in the FSAR.

Response to Question 18-61:

The Response to RAI 322, Supplement 1, Question 18-52 revised U.S. EPR FSAR Tier 2,
Chapter 18 to reference the U.S. EPR Human Factors Engineering (HFE) Verification and
Validation (V&V) Implementation Plan (IP) and the other referenced HFE implementation plans.

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-62:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

Level of Detail. Many of the details provided essentially restate NUREG-0711 review criteria.
The staff cannot perform an implementation plan review when the plan simply restates the
staffs review criteria. The NUREG-071 I criteria are used to review information provided by the
applicant. For example, the plan should identify the operational conditions to be used for V&V
and the process by which the sampling dimensions were used to identify them. The staff can
then use the NUREG-071 1 criteria to review the acceptability of the operational conditions that
have been identified. In many cases, the information currently provided in the plan will be used
to finalize the plan at a later date. Thus, the IP should contain, for example: an identification of
the specific scenarios to be used, the detailed definition of each, the specific performance
measures to be used for each scenario and the acceptance criteria to be used for each
measure, the measures that will be used to validate or invalidate the design, and the ways in
which the data will be analyzed to arrive at conclusions. Examples where more details are
required include, but are not limited to:

1 . Section 18.10.3.4.3 of the FSAR discusses situational related performance shaping factors.
This section closely rephrases the guidance provided in NUREG-071 1, provided above.
The section does indicate that multitasking is an example of high workload conditions.
Section 3.5.1.3 of the V&V Implementation Plan closely quotes NUREG-071 1; however it
neglects discussion of the affects of fatigue and circadian rhythms. Provide discussion of the
effects of fatigue and circadian rhythms in this context. Expand discussion of all sections
that quote NUREG-071 1. In that discussion, place emphasis on factors that are critical to
EPR or possibly unique. Staff requests more information describing the incorporation of
situational factors into test scenarios.

2-. Section 18.10.3.4.21 of the FSAR provides some information regarding certain of the
personnel tasks to be assessed. The FSAR states that sample tasks will include those
tasks that are found to be difficult to design into the HSI, require significant compromise
during the HSI design, and have the potential to cause error because of complexity. Section
3.5.1.2 of the V&V Implementation Plan is quoted almost verbatim from NUREG-071 1,
Section 11.4.1.2. 1, and does not provide more explanation of the information provided in the
FSAR. The staff cannot perform an implementation plan review when the plan simply
restates the staff's review criteria. The plan should identify the operational conditions to be
used for V&V and the process by which the sampling dimensions were used to identify
them. The Staff cannot perform an implementation plan review when the plan simply
restates the staffs review criteria. The plan should identify operational conditions to be
used and how the operational conditions were developed into scenarios. More information
is requested that will link the criteria for selection of Operational Conditions to the EPR PRA.

3. The basis of the information required in Section 18-.10.3.4.21 of the FSAR for the
identification of tasks that are difficult to design into the HSI, require significant compromise,
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or are complex enough to cause errors is not clear to staff. The HRA Implementation plan is
referenced; however, the section does not indicate how scenario development is related to
the HRA Implementation Plan. It is not clear to staff which tasks will be used to assess the
ability of the system to support a range of cognitive activities. More information is needed
on these items. Staff also requires more information regarding the information shared
during human interaction and communication methods of interest, the tasks being
performed, and the complexity of the messages to be passed. Staff requires more
information to determine how high frequency tasks will be identified.

4. Determination and discussion of inclusion of environmental factors in scenarios are not
provided with respect to the V&V Implementation Plan, beyond paraphrasing the NUREG-
0711 guidance on environmental factors in Section 3.5.13 of the V&V Implementation Plan.
Discussion of operations remote from or ancillary to actions in the control room is not
provided with respect to scenario development. Staff request that the methods be
expanded for inclusion of environmental effects, how they may be simulated, what may be
simulated, the limitations of simulation, as well as evaluation of performance of operations
remote from or ancillary to the main control room, and considerations relevant to that.

Response to Question 18-62:

Response to 18-62.11: Situational Human Performance Shaping Factors

The six situational factors outlined by NUREG-0711 and incorporated into test scenarios are
addressed individually. A brief basis and background are provided for each factor to support
this response. The U.S. EPR's human factors engineering (HFE) and behavioral scientists
recognize that at any time, these factors could be present or could emerge in conjunction with or
is the result of other situational factors. These factors that challenge human performance can

materialize at any time, in any plant mode, and may or may not be anticipated. I

I
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The guidance and recommendations for environmental factors such as lighting and acoustics
are available for review by the NRC staff.

The subject matter addressed in this response contains representative information from the

V&V IP.

The schedule for providing the revised U.S.EPR V&V Implementation Plan is provided below:

Document Number Commitment Date
U.S.EPR Human Factors Verification and Validation 4/16/2010
Implementation Plan
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FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Table 18-62-1-Scenarios with links to the PRA

Table 18-62-2-Categories of Task Complexity Models
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Table 18-68-3-NASA TLX Scale
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Table 18-62-4-Extended Human Information-Processing, Model

Table 18-62-5-Example of Cognitive Demand Workload Sheet
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Figure 18-62-1-Hypothetical Relationship between Demand andý
Performance
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Figure 18-62-2-Workload and Performance in 6 Regions
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Figure 18.62-3-Tools for Workload Assessment
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Figure 18-62-4-Model of Human Information Processing
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Question 18-63:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

Typos and Errors. There are a number of typos and editorial errors apparent in the document
which have the adverse effect of completely changing the intended meaning. In several cases,
these errors cause the text to violate the various aspects of the guidance provided by NUREG-
0711. Staff must review materials exactly as presented, not based on inference. The following
is not a complete set of criteria that are not met due editing issues, nor is it intended to be a
complete set. The material needs to be thoroughly reviewed to identify these errors and
provide clarification. These errors include, but are not limited to:

1 . Section 3.6.3, which discusses selection of test participants, combines inappropriately
characteristics for the selection of test administrators. As written, this section contradicts the
NUREG criteria that test participants will not be members of the design team. Staff request
clarification of selection of test participants and test administrators (conductors).

2. Section 3.5.1.2 states that Appendix B has the list of procedure driven tasks that will be
used during V&V. However, Appendix B contains the roles and responsibilities of the HF
team. Investigation indicated that the information referenced may be that presented in
Appendix C. Staff inquires whether to use Appendix C in place of B.

3. Section 3.6.11 is not relevant to ISV. Is this to be associated with a different component of
V&V?

4. Section 3.9.3.3 is referenced multiple times in the plan. The first time it is referred to in HSI
scenario design, it is used appropriately to develop one-dimensional scenarios to test HSI
design. However, the 2nd and 3rd times Section 3.9.3.3 is referenced, it is used to develop
multi-dimensional scenarios. Section 3.9.3.3 is not written to support development of
multidimensional scenarios -- it states that only one dimension is to be sampled. A method
to develop multidimensional scenarios must be provided if the Applicant will not be able to
provide the complete set of scenarios that will be used during V&V.

5. Three potentially separate databases are referenced in this plan and other plans: the HED
database, the HFE database, and a QA database. Staff inquires whether these databases
are the same but given different names in editing. If they are a single database, one name
should be used. If they are different databases, provide an explanation, differentiation, and
definition of each.

6. Section 3.6.11.3 states that test data 'should' be analyzed using established analysis
techniques. Use of 'should' is inappropriate.

7. In Section 3.9.3.5, the Applicant provides an overview of the process to prioritize HEDs for
justification and resolution. The process will consist of justification of HED, determination of
whether HEDs have safety consequences (Priority 1), if not then determination of whether
the HED has performance consequences (Priority 2), and if none of the above, classification
as other. In the HSI Design Implementation Plan, HED categories are referred to with
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different designations, which has caused some confusion. Please clarify, either by use of
one designation or explain the designation process and the categories.

Response to Question 18-63:

The schedule for providing the revised U.S.EPR V&V Implementation Plan is provided below:

Document Number Commitment Date
U.S.EPR Human Factors Verification and Validation 3/30/2010
Implementation Plan

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-64:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues foreach category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

Performance Measurement and metrics. NUREG-0711 divides the review criteria for
performance measurement into three sections. Section 11.4.3.2.5.1 addresses the
measurement characteristics that effect the quality of the performance measures, Section
11.4.3.2.5.2 addresses the identification and selection of variables to represent measures of
performance, and Section 11.4.3.2.5.3 addresses the development of performance criteria.
Performance metrics must be directly linked to the scenarios tested, and the criterion for
success for the scenario. Performance metrics; should be linked to HRA, risk important human
actions, results of Task Analysis, and/or Operator Experience. These items are not linked to
performance metrics in the V&V plan. The V&V plan does not link metrics to scenarios, nor
provide discussion of how performance metrics; will be used. Discussion of the analysis of
performance data and selection of performance metrics; neglects discussion of data reliability,
validity, or verification of the conclusions of the analyses. The issues below are representative
of deficiencies in these areas, but are not limited to iust these examples:

1 . In section 3.6.12, the Applicant states that validation conclusions will be iteratively
documented in the validation output reports during the design process. Staff did not find any
discussion of independent verification of analyses in the HF V&V Implementation Plan.
Methods to verify and validate conclusions and analyses independent of the process are
needed. Reliability and validity of conclusions and data are also not addressed. AREVA is
requested to address conclusion reliability and validity. How will metrics be defined for .
scenarios? Which metrics are linked to which scenarios? What are the success criteria?

2. In Section 3.6.12, the Applicant states that "analysis will determine if data are pass/fail." It is
not clear to staff what is meant here. Performance measures should be designated as
pass/fail criteria with defined thresholds before the data are collected or analyzed, and the
threshold for pass/fail should be set before data collection or analysis. The relationship
between the data collected and the performance criteria needs to be defined so that reason
for the selection of analysis techniques is transparent. In the V&V plan the analysis
providing validation of the performance measures is selected, and that analysis will
determine which measures are used for pass/fail determination after the analysis is
performed. Performance measures should be identified as pass/fail criteria and the level
required for pass prior to the administration of the test. Otherwise it could allow criteria that
support the goodness of the design to be picked and performance metrics that question the
goodness of the design to be ignored. Provide a method to define or the defining measures
that will be used as pass/fail criteria, the scenarios in which they will be used, the thresholds
for each, and discuss how the thresholds were derived. Also discuss how the required data
for these metrics will be obtained, and how bias will be avoided.

3. In Section 3.6.10.1 of the HF V&V Implementation plan, the Applicant states, "The approach
to establishing criteria should be based on the comparisons between the measurement and
criteria that are performed (e.g., requirements referenced, benchmarks referenced,
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normative referenced, and expert-judgment referenced)." Staff does not understand what is
meant here. Clarification is required. Which criteria will be performed? How will these be
used to establish criteria? Which criteria will be established?

4. Section 3.6.10.1 states a criterion for performance measurement will be established' and)
evaluated as part of test development; ANSI 58.8-1994 will be considered a source for
response time criteria. Will reaction time be the only performance measure of interest?
Please explain. What sources and metrics will be used to define performance limits beyond
reaction time data? It further states that more accurate performance requirements will be
defined as a function of the HRA and TA performed for this plant design; however, these
data used from these techniques are not identified and the plans are not referenced. More
information is therefore needed. Reference the HRA and TA plans. Identify what data from
the HRA and TA will be used to define performance requirements.

Response to Question 18-64:

Independent verification will be discussed in the revised Verification and Validation (V&V)
Implementation Plan (IP). The subject matter addressed in this response contains
representative information from the revised V&V IP.

Evaluation Team

This section identifies the members of the human factor (HF) V&V team and their minimum
qualifications (see Figure 18-64-1). It provides examples of their typical contributions to the
evaluation.

Identification of the Evaluation (HF V&V) Team

The control room design team (CRDT) prepares the human system interface (HSI) program and
IPs, guides and oversees the design implementation process through the remaining steps to the
final validation of the implemented design, and verifies that the execution and documentation of
each step in the process is carried out in accordance with the established program and
procedures. The CRDT is comprised of a multi-disciplinary team with expertise in HFE and in
other technical areas relevant to HSI design, evaluation, and operations.

The HF V&V team, independent of the CRDT, is comprised of individuals who were not involved
in the design of the HSI being evaluated. The HF V&V activities must be performed in
accordance with the AREVA NP engineering operation procedures for the performance of
independent quality related verification. Individuals who were involved in the design must not
be directly responsible for directing those portions of the evaluation process that require
objectivity about the quality of that design. The design team must be independent of the
evaluation team, but the design and evaluation teams must work in close cooperation. The
evaluation team must have access to the original HSI designers as resource persons (for
example, during the delineation of system functions, operator task analyses, or control room
inventory efforts).

Due to the qualification requirements for the HF V&V team, the team is interdisciplinary or multi-
disciplinary. As needed, the evaluation team must be composed of individuals with the following
expertise: nuclear engineering, architectural design and civil engineering, system analysis,
instrumentation and control systems, information and computer systems, human factors



AREVA NP Inc.

Response to Request for Additional Information No. 328, Supplement-3
U.S. EPR Design Certification Application Page 70 of 121

engineering (HFE), operating experience, and personnel training. The required professional
experience may be satisfied by the evaluation team as a collective whole. Satisfaction of the
professional experience requirements associated with a particular skill may be realized through
the combination of the professional experience of two or more members of the evaluation team
who each satisfy the other defined credentials of the particular skill area but who do not possess
all of the specified professional experience.

The number of members in the team must be kept low to verify efficient work, but the number
must allow for varied discussions and opinions. One person may possess multiple skills.
Expertise in areas not covered by the evaluation team must be provided consulting experts
outside the team or AREVA NP.

The revised V&V IP will appropriately delineate the complexion of the evaluation team.
Statements such as "pass/fail" will be removed Because those were misnomers. The success
of the evaluation is reflected through both objective and subjective methods, and the evaluation
results are both quantitative and qualitative. Success is not measured through concepts of
"pass/fail" but rather concepts like the goodness of design, availability of components and
elements, and usability. Shortcomings do not indicate failure but rather a need for design
modification, a revisit to function allocation, function requirements, or task analysis. Outcomes
are documented, modifications are made as appropriate, and through the iterative process, the
system process accommodates any aspect of design that may need bolstered. The human
engineering discrepancy (HED) documentation and use of the HITS recognizes issues and
verifies their resolution.
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FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Figure 18-64-1-Levels of Design and Evaluation
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Figure 18-64-2-Example of a Functionality Matrix
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Question 18-65:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

Task Analysis. Section 11.4.4.2 (5) and 11.4.2.2.2 (2) and (4) discuss the role of Task Analysis
within the HF V&V design. NUREG-0711 states that the HSIs and their characteristics (as
defined in the HSI inventory and characterization) should be compared to the personnel task
requirements identified in the task analysis. As stated in NUREG-071 1, design solutions to
correct HEDs should be consistent with system and personnel requirements identified in the
Preparatory Analysis (i.e., Operating Experience Review, Function and Task Analysis, and HSI
Characterization). Use of the Limited Scope Task Analysis in the V&V is discussed multiple
times in the V&V IP; however, its justification is unclear. Issues regarding the use of the Limited
Scope Task Analysis in the HFE V&V IP include, but are not limited to:

I . What are the bases for the limited scope task analysis? What is the scope? The methods to
produce the limited scope task analysis is not documented in V&V or in the Task Analysis
Implementation Plans. How will limited scope task analysis be performed? It is not clear
that a limited scope task analysis will sufficiently review the entirety of the task to define the
interactions occurring at multiple levels (global, situational, detailed) of the scenario. Please
clarify how this will be used, and information to determine that the limited task analysis will
be sufficient for the application. Staff inquires why limited scope task analysis will be used
in place of the information derived from the full scope task analysis.

2. Section 3.9.3.2 of the V&V Implementation plan states it will use dynamic HSI Task Support
Verification. What is meant by Dynamic Task Support Verification? Further clarification of
its use is required. What is its scope? How is it performed? How does it differ from Task
Analysis?

Response to Question 18-65:

The subject matter addressed in this response contains representative information from the
V&V I P.

1. The term "limited scope task analysis" is discussed in the Response to Question 18-69.

2. The term "dynamic task support verification" is renamed dynamic human system interface
(HSI) task support verification.



AREVA NP Inc.

Response to Request for Additional Information No. 328, Supplement 3
U.S. EPR Design Certification Application Page 79 of 121

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-66:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

ISV - Validation Testbeds. Section 11.4.3.3.2 of NUREG-0711 addresses the requirements to
be met by the validation testbed. There are 2 sections of the HFE V&V IP that address the
development of ISV testbeds. While the V&V plan clearly commits to developing at least one
full scope simulator, several questions were raised. They include, but are not limited to:

1. The V&V Implementation plan states that the full-scope ISV simulator will be completed and
certified via the ANSI/ANS-3.5-1998 process prior to the use of the simulator during V&V.
However, the NRC does not inspect a simulator to certify it as a plant reference simulator at
this time. Please clarify what is meant by certify and the status of the simulator to be used
for ISV.

2. In Section 3.6.11 of the V&V Implementation Plan, development of a 'Mockup' is
discussed. Section 3.81 discusses the development of a "full-scope simulator." The
Applicant commits to incorporating accurate plant models into both the Mockup and the full-
scope simulator as these models become available. How do these two simulators differ?
How is the development of the high fidelity simulator related to the development of the
mockup? These sections appear to indicate that multiple simulators will be developed at
different times. Is this correct? For what tasks will the mockup be used? For what tasks will
the simulator be used?

3. What are the relative schedules for the development of the mockup and the full-scope
simulator with respect to the other portions of the V&V Implementation plan?

Response to Question 18-66:

The subject matter addressed in this RAI response contains representative information from the
V&V IP.

1. AREVA NP does not expect the NRC to certify the full-scope simulator. AREVA NP will
certify the simulator according to ANSI/ANS-3.5-2009.

ANSIIANS-3.5-2009: Nuclear Power Plant Simulators for Use in Operator Training and
Examination Current Standard, supersedes ANSI/ANS-3.5-1998

"This standard establishes the functional requirements for full-scope nuclear power plant
control room simulators for use in operator training and examination. The standard also
establishes criteria for the scope of simulation, performance, and functional capabilities of
simulators. This standard does not address simulators for test, mobile, and research
reactors, or for reactors not subject to U.S. Nuclear Regulatory Commission licensing. This
standard does not establish criteria for the use of simulators in training programs."
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The engineering simulator and workstation mockup is scheduled to be completed three
years prior to the development of the full scope simulator. The full scope simulator is
scheduled to be completed two years prior to fuel load. -

FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question..
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Question 18-67:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete setof issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

Scenario Assignment, and Crew/Participant Selection and Training. NUREG-0711 divides the
review criteria for test design into five sections. Section 11.4.3.2.6.1 addresses coupling crews
and scenarios, Section 11.4.3.2.6.2 addresses test procedures, Section 11.4.3.2.6.3 addresses
the training of test conductors, Section 11.4.3.2.6.4 addresses the training of test participants,
who are separate from test conductors, and Section 11.4.3.2.6.5 addresses the conduct of pilot
studies. Section 11.4.3.2.6.1 of NUREG-071 1 states that important characteristics of scenarios
should be balanced cross crews. Random assignment of scenarios to crews is not
recommended. The value of using random assignment to control bias is only effective when the
number of crews is quite large. Instead, the validation team should attempt to provide each crew
with a similar and representative range of scenarios. Several aspects of the HIFE V&V IP are
not clear and appear to violate the guidance above. Issues include, but are not limited to:

1 . As stated in NUREG-071 1, Section 11.4.3.2.6.1, random assignment of scenarios is not
recommended because the number of crews typically run is not sufficient to
automatically average out effects of order or experience. Section 3.5.4 of the V&V
Implementation plan states that random assignment of scenarios to participants will be
used. It is not clear from the V&V Implementation plan whether a high enough number
of crews to balance testing effects will be used. If the number of crews is too small to
allow for statistical power to ensure that order effects are not an issue in testing,
scenarios order and assignment should be balanced across testing and crews. The
validation team should attempt to provide each crew with a similar and representative
range of scenarios, balanced across critical characteristics. Provide more information to
determine how order effects will be avoided. Provide more information to determine how
critical characteristics of scenarios will be balanced across crews.

2. In Section 3.5.4 of the HF V&V IP, staff is not clear whether random selection will be
used to select the factors to be combined in a scenario or whether random selection will
be used to select from a list of predetermined scenarios. If the first case, staff requests
more information to determine how realism of scenarios will be ensured. If the latter
case, staff requests more information to determine how multiple variants of the same
scenario will be avoided. If an alternate method will be used, it should be described.
Also clarify if the same set of scenarios will be presented across test crews or if new
scenarios will be randomly generated for each.

3. Section 3.6.7 states that a procedure will be developed as part of the validation
procedure, and that test procedures should minimize the opportunity for participant or
administrator bias. The discussion in this section is primarily a restatement of some of
the guidance provided in NUREG-071 1. More detail is needed regarding the procedures
to be followed during validation testing. What considerations should affect interaction
between participants and administrators? What considerations will guide how and when
will data be collected and stored? What procedures will be followed for documentation of
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the testing scenarios? Procedures for the documentation of testing irregularities and
training on the importance of documenting training irregularities should be presented.

4. Section 3.6.9, Training of Test Participants, states: All test participants will be required
to have basic US EPR TM operator training. All participants will have training on screen
protocols and HMI interaction processes. They will also have training to help prevent
potential human errors. Further information is requested to understand how
performance bias will be avoided. At what point relative to performance in the validation
test will test participants receive training (immediately before testing, a few weeks
before)? On what topics will training be received? How will performance bias due to
training be avoided?

5. Section 3.6.8 states an intention to train test administrators on the simulator using
scenarios with predetermined malfunctions or by having test administrators perform the
test scenarios. An information checklist will be developed from the protocols used to
govern interaction with test participants. Plans to train test administrators do not
address experimenter bias, importance of documenting problems that occur during
testing or how test procedures should be used. Training of test administrators is focused
entirely on familiarizing test administrators with the scenarios and workings of the plant
and simulator and on how and what information may be communicated between test
participants and administrators, which is one purpose of the Pilot Study. More
information is requested for the development of procedures, what they should be used to
prevent, what characteristics they should have, and how they should be used. More
information is needed to determine how experimenter bias will be avoided and what
training administrators will receive regarding bias.

6. Discuss how factors such as circadian rhythms, fatigue and environmental effects will be
incorporated into scenario development with respect to their related sections.

Response to Question 18-67:

AREVA NP is not randomly assigning scenarios to the available crews. Neither the U.S. EPR
FSAR nor the Validation and Verification (V&V) Implementation Plan (IP) indicate random
assignment of scenarios. Random assignment of scenarios is unrelated to random assignment
of participants to crews.
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FSAR Impact:

U.S. EPR FSAR Tier 2, Section 18.10.3.4 will be revised as described in the response and
indicated on the enclosed markup.
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Question 18-68:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

HED Resolution. Section 11.4.4. of NUREG-0711 states the purpose of the staffs review of the
HED Resolution is to ensure that the applicant has adequately evaluated HEDs to determine the
need for their correction, identified design solutions to address significant HEDs, and verified the
implementation of the design solutions resolving HEDs. HEDs should not be considered in
isolation and, to the extent possible, their potential interactions should be considered when
developing and implementing solutions. Issues related to HED Resolutions that were identified
include, but are not limited to:

1. After the initial comparison of the first HSI to HFE guidelines and determination of an HED,
the remainder of the HSI in the set to be evaluated is classified as discrepant, according to
the Applicant's procedure (Section 3.9.3.2 HFE Design Verification, Step 3). Staff request
clarification regarding Steps 2 & 3.

2. Clarification is needed on whether the justification process for HEDs will include analysis of
impact on plant safety and performance. This is presented in Figure 3.1, but not reflected in
the text.

Response to Question 18-68:

1. The Verification and Validation (V&V) Implementation Plan (IP), "Human Factors Engineering
(HFE) Design Verification," Rev. 0, Section 3.9.3.2, Steps 2 and 3 did state:
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FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-69:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

HSI Task Support. Section 11.4.2.2.1 of NUREG-0711 states that the objective of this review is
to ensure that the applicant verifies that the HSI provides all alarms, information, and control
capabilities required for personnel tasks. Section 11.4.2.2.2 criterion 3 states that an HED
should be identified when an HSI needed for task performance (e.g., a required control or
display) is not available and/or when HSI characteristics do not match the personnel task
requirements, e.g., a display shows the required plant parameter but not the range or precision
needed for the task. Issues related to these criteria include, but are not limited to:

1. Section 3.4.2.2 of the HF V&V Implementation Plan, HSI Task Support Review Criteria,
provides 4 questions to be used as criteria for determining the adequacy of HSI. Positive
answers to the questions outlined would, in 2 cases, lead to the rejection of designs that
meet desired criteria. The V&V Implementation plan indicates that a positive answer to any
of these questions would indicate that an HSI deficiency is present, and should be
documented in the design process. However, staff points out that positive answers to these
questions (2 and 4 in the text) would not identify deficiencies in most properly designed HSI.
The questions of interest ask:

" Does the HSI or HFE feature have proper integration with the rest of the HSI?

" Does the HSI or HFE feature meet the guidance in the U.S. EPR TM HSI Design Style
Guide [9] and the HIS design implementation plan [16], which include the HSI Design
Procedures

2. Section 3.9.3.3.2 of the HF V&V Implementation Plan outlines the method to be used by the
V&V or HF engineer to perform dynamic HSI Task Support verification, using the simulator.
Step 2 requires that process monitoring indicators or task goals be developed to benchmark
performance. It is not clear to staff how process monitoring indicators will be developed or
task goals identified. It is not clear to staff how 'proper' allocation of functions will be
determined or what is meant by 'proper'. Nor is it clear how 'proper' capture of functional
requirements will be assessed. How will 'proper' be determined?

3. Section 18.10.3.2 of the FSAR discusses HSI Task Support Verification. The FSAR states
that the HSI TSV shows that the HSI provides alarms, information, and control capabilities
required for identified tasks that are performed by personnel and that the characteristics of
the alarms, information, and controls conform to the requirements developed during the TA.
In Section 3.4.2.1, of the V&V plan, the Applicant states that the HSI Task Support
Verification will be performed using a limited scope task analysis conducted during the HSI
design. Neither the FSAR nor the V&V Implementation plan indicates how or when the HSI,
requirements will be defined. This information is needed to determine how this criterion will
be met.
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FSAR Impact:

The U.S. EPR FSAR will not be changed as a result of this question.
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Question 18-70:

This Question indicates insufficient information in the V&V Implementation Plan for
the general principal derived from NUREG-071 1. This is followed by specific examples that
arose because the information provided was insufficient for the review. The examples provided
do not comprise a complete set of issues for each category. Rather, they are used to illustrate
the general issue caused by the missing information. It is the responsibility of the Applicant to
apply the general principals illustrated by staff in the examples to determine the full-scope of
issues affected by the missing information.

Operational Conditions Sampling. Section 11.4.1.1 states that the review should ensure that
the applicant has identified a sample of operational conditions that (1) includes conditions that
are representative of the range of events that could be encountered during operation of the
plant, (2) reflects the characteristics that are expected to contribute to system performance
variation, and (3) considers the safety significance of HSI components. These sample
characteristics are best identified through the use of a multidimensional sampling strategy to
ensure that variation along important dimensions is included in the V&V evaluations. The
review criteria, therefore, address the sampling dimensions used and the identification of
scenarios based on those dimensions. Issues identified include, but are not limited to:

I . A set of tasks, representative of plant conditions as derived from the Preparatory Analysis
(i.e., Operating Experience Review, and Function and Task Analysis should be determined.
These scenarios should reflect situational factors known to challenge performance, the full
range of personnel tasks and interactions, and environmental conditions, and include tasks,

determined to be difficult via the Task analysis and HRA. Staff requires that the actual
scenarios as selected usingthe OCS process and to be used in the V&V be provided for
staff review. An alternative to full scenarios may be a smaller sample of complete scenarios
together with an in-depth discussion of the derivation and sampling techniques for those
scenarios be presented in the plan. Scenario development should include discussion of
participant recruitment and assignment to scenarios.

2. Staff request that the methods be expanded to include incl , usioh of' environmental effects,
including how they may be simulated, what may be simulated, the limitations of simulation.

Response to Question 18-70:

The subject matter addressed in this response contains representative information from the

revised V&V IP.
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The U.S. EPR FSAR will not be changed as a result of this question.
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EPR
a A description of the integration of HRA into the HFE program.

The HFE design gives special attention to those plant scenarios, risk-important HAs,

and HSIs that have been identified by PRA and HRA as being important to plant safety

and reliability.

The HRA evaluates and identifies specific HAs based on the impact of potential errors

on plant safety. This evaluation is iterative. It begins early in the design process and

continues throughout eaeall phases of the design. The initial HRA is defined by a set
of scenarios and accident sequences that contribute to core damage frequency or large
release frequency. The HRA also considers operating experience, staffing and training,

and other engineering assumptions that affect plant operation and human

performance. From these inputs, human error probabilities (HEP) are calculated.
HEPs are influenced by performance shaping factors (PSF), which are used to adjust

the base HEPs to account for conditions such as the complexity of the accident and the

stress upon the operators (refer to Chapter 19).

As the EPR design develops, the HRA model is refined to incorporate other HFE

elements that will affect human performance. These elements influence the HEP

estimates through the PSF values and the PRA evaluates the impact of these errors on

accident scenarios. The HRA supports the HFE by providing the HSI design team with

feedback that assists in minimizing personnel errors, and improving operator recovery

from human errors and plant system failures.

Risk-significant HAs and their associated tasks and scenarios are specifically addressed

during function allocation analyses, task analyses, HSI design, procedure development,

and training. This process helps verify that these tasks are well supported by the
design and are within acceptable human performance capabilities (e.g., within time

and workload requirements).

As described in Section 18.10, HRA assumptions such as decision making and diagnosis

strategies for dominant sequences are validated by walkthrough analyses with
operationally experienced personnel using a plant-specific control room mockup or

simulator. Reviews are then incorporated into the fial Euantifieatien stage t

PRa.subsequent iterations of HRA and PRA. Risk-significant humans actions are
addressed during integrated system validations.

18.6.3 Results

An output report identifies the list of risk-important HAs and summarizes how those

HAs and the associated tasks and scenarios were addressed during the various parts of

the HFE design process. The output report addresses the results of the HRA

assumption validation.
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EPR
*1 Random scenar-io selection and sequencing is used to keep the testing unbiased.

The easy scenarios are not always condueted first and testing paft-i.ipants get
frandom assignments.

18.10.3.5 Integrated System Validation

ISV is a performance-based evaluation of integrated system design and human task

performance to establish that the HSI is operable within performance requirements

and supports safe operation of the plant. The ISV addresses the following:

" Adequacy of the entire HSI configuration for achievement of the HFE program
goals.

" Confirmation of allocation of functions and the structure of tasks assigned to
personnel and machine.

* Adequacy of staffing and HSI that support tasks.

" Adequacy of procedures and operating instructions.

" Validation of the dynamic aspect of HSI for task accomplishment.

* Identification of aspects of the integrated system that may negatively affect
integrated system performance.

The goals of ISV are to:

* Test the integration of personnel and plant systems.

" Validate the integration of the design with;

- Personnel actions.

- Plant response.

- HSIs.

- Procedures.

ISV is performed using a high-fidelity simulator. ISV seeks to confirm the adequacy of

the HSI and the human performance assumptions, so appropriate performance
measures are selected to include both HSI and human performance issues. ISV

performance measurement is complex and addresses the following areas:

* Operational safety and task performance (e.g., avoidance of errors, alarm
conditions, technical specification violations, response time, task completion time,
and procedure compliance).

* Human error.
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Human Performance Monitoring

Monitoring human performance is performed throughout the life of the plant so that:

" The results of the integrated system validation are maintained.

" Operator performance does not degrade over time.

" Issues discovered by operating and maintenance personnel are noted, tracked, and
corrected before plant safety is compromised.

" Changes made to the design do not result in a degradation of human performance.

The U.S. EPR human performance monitoring (HPM) strategy, as described in the
HPM Implementation Plan (Reference 3), provides a method to accomplish this goal.

A COL applicant that references the U.S. EPR design certification will implement an
HPM program similar to that which is described in this section.

Objectives and Scope

The objectives for HPM are to provide a framework of programs. which when
implemented. perform the following:

I

I-
18.12.1

F8--57--[>

* To confirm that the design can be effectively used by personnel.

" To confirm that human actions (HA) are accomplished within an acceptable time
and meet performance criteria.

" To confirm that design changes do not adversely affect personnel performance.

" To confirm that the acceptable level of performance established during the
integrated system validation remains valid.

" To detect degrading human performance before plant safety is compromised.

* To confirm identified errors in the design are resolved in a timely manner.

[• ]--•®Monitoring is done for HAs commensurate with their safety significance.

To verify that the objectives are met, HPM is conducted in areas of the plant requiring

HAs, including:

o Main control room (MCR).

o Remote shutdown station (RSS).

a Technical support center (TSC).

o Local control stations (LCS) important to plant safety.
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18.12.2

Operation, testing, and maintenance actions during each plant mode are also

monitored for human performance.

Methodology

HPM is performed by observing personnel activities (i.e., during training and

operation), interviews, self-initiated feedback, and walkthroughs. The use of a

corrective action program combined with some means of tracking issues allows design

errors, design issues, operator workarounds, operator burdens, or inefficiencies

identified to be captured and addressed. Programs such as the design change control

process,,,, operator- u_.... ind-performance indicators, corrective action program, and

maintenance rule are in place to prevent degradation of human performance. The

combination of these tools creates a strategy that meets the intent of HPM as described

in NUREG-0711 (Reference 1).

F18-59-1>

I-

HAs and the level of performance are monitored during simulator-training and during

actual plant conditions, when feasible. The data from monitoring is evaluated and the

results are entered into the corrective action program for analysis and trending. The

results of the trends are used to monitor for any change, positive and negative, in

human performance. If the trend shows that performance has degraded, corrective

actions are performed.

Risk-significant HAs are monitored more frequently so that degradation of safety-

related performance is corrected before the safety of the plant is compromised.

18.12.2.1 Corrective Action Program and Issue Tracking

A U.S. EPR operator corrective action program is used so that self-identified and

industry performance related issues are documented, reviewed, addressed, and

tracked. Addressing these issues prevents the recurrence of degraded performance or

failures. Specific issues that should be tracked include:

" HSI design errors.

" HSI design inefficiencies.

" User workarounds.

" Discrepancies between the frll-scope simulator and the actual control room.

" Changes to the HSI design that create an adverse affect on other aspects of the
design.

" Operating experience reports.

118-57 >So that issues are eapturcd, plant pcsnencel are eneauraged te reper-t crrzz,
defieiencics, wor4Earceunds, and design ineffieieneies. When an' issue i- nt-ed initeI
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signficeance. Thosc issues with a high safety signiffeicane arc analyzcd anidcrctv
aeeiefr; arc promffptly genier-ated to lesscni thc potcnttial for- impact to plant safcty.

faete~r cniginccr- to dceteminie thc cxtcnit of causie, extent of conditioni, anid if humani
pcreifonancc was a contFibutor-. This analysis gcnier-ates a thoroeugh untdcrstaniding of
theuiidcrlying proeblcm so that approepriate eirretiv actionas can bc takcni. Thc
results of the rooet cause antaly-sis are used to categor-ize the issue anid enable tr~endinag.

hidustr anid sell identified oper-ating exepenciie results eonitr-bute to enthancing
human pefformanee anid pr-eventing potcntiMl reduetion in humant peimfofancee. The

opraig expeefleee review proegr-am descr-ibed in Section 18.2 tr-aelks self identified as
well as ind-ustr- issudes. These issues are scr-eened for- humfan pe~ffonance issues anld
aniayzed for- applicAbiliy to the U.S. EPR. Pr~evenitive maeasur-es are taken for: those
issues -hat could potenitially adver-sely impact humana peerfomancee.

18.12.2.2 M.e-ts4.flu ;and TrendinG

HAK and the level of peirfonance arc monitored during simulator tr.a.. inig and during

aetual plant conditionts, when feasible. The data from monitor-nkg is evaluated an. d the

results ...re .e.tere . ........t.e........... teg- am far-.. .. Jia-v i ................ The..

res.ts or tne trenas arc usca to moitor ror anly enange, positive ana negative, i
humaan peeiafoiancc. if the trend showvs that perffomancee has degr-aded, cretv
actionis arc peifomed.

%sk-signifieantt HPs ar~e monitor-ed more frequenttly so that degr~adationl of safety
related peffor-maniec is cor-rected befor-e the safet' of the plantis compromised.

18.12.2.3 Pbnt Opcration

User- actidtics arc obscn'ced dluring simulator- tr-aining and pef-iodically dufinag actual
planit oper-ationi. The leicesed oper-ator- tr-aininlg proegr-amf allows monelitoring of humfanl
peifonmancce and tr-eninkg. Oper-ator actions dud-fing trzaining provi,,de inisight to
potental oper-ator- vorkaroeunds, oper-ator eirror, anad dlesign incffieiencics. Hts are
moniitor-ed for- agreement xx4th established time anid pei~foimaniee cr-ter-a. These
established peiffomanec measur-es arze used as the baseline to dletermine chagsi
efficiaeny of user- actions or- their abilit to pei~fom tasks ini a timaely manner-.
Chaniges, alonig with any diseover-ed designi error-s and decline ini peifoerance, arc
entered into the corr-ective actioni proegram to be anialyzed for- possible areaso

improemen and used as input inito human performFancie trendinig.

Other- activities, suceh as comamuniciationa betweeni the conitrol rooem anad other- areas of
the planit, are also inceluded ini HPM anad trenading. Any inefficienceies, design erors, or-
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I

18-57 > failutres notod by pcrsofic1e arc cntcrced into thc conccetivc action program and~ 1. I
I

aniaivzcci fer nossiblc arcas of imnarovcmcnft and inriut to ntiian r'rtrr~nn~ tr"nlina II

erfaimynafice treng*fi

18.12.2.4 Design Change Process

Before a design change that has a significant impact on FRA, FA, TA, HSIs, procedures,

or trainingis, implemented in the plant, the change is typically modeled on the

engineering simulator. Human performance is monitored using applicable scenarios

F18--59-1-
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developed during
I I

oporational condition sampling and•, usddunng..he integrated
system validation (see Section 18.10). These scenarios are limited to only those that

use tasks affected by the design change to allow analysis of performance efficiency,

degradation, or improvement. During simulation, user actions are observed for their

efficiency and ability to perform tasks with the new design. The results are verified

against the existing trend of human performance to determine if the performance was

degraded by the design change.

Pay degradation in pcr~formancc rcsulting from thc dcsigni chanigc is cntcrcd into thc

Eeieeetivc action program to bc analyzcd for possible arcas of imnproeveomont and used

as iniput to human pcrfor~mancc trcending. Significant impacts to human pcr-formiancc

rcquirc that thc dcesign changc bec modified. if no dcegradationi ini pcrfr-mancc .'S

obscn'cd, thc dcesign is implcmcntcd and rcsuilts of thc HPM arc cntcrced into thc

eur-ent trend.

I enan approvcd dcesign changc has bccn implcmcentcd into thc plant, pcrformfancce

is-ebsen'cd and uscrs arc kintcvicwcd. lIntcrvicws wth uscrs arc pcifrformd t

detein n oprter workaroeunds, HSI incefficicncics, or- dcsign cr-roris that rcsultcd

from thc dcsign changc. lIntcnic qustn acecntcrcd on tasks that hayc bccn

a-ffeeted by thc dcsign chanagc. Paticularattcntio sgvnt uscr actions duri~ng thcir
ii~44Jir-' 34th'- n'-up l'-ia i-'- n'-t'- ;MV ndrrWP nffr'-r 'R:i n'RPVAn;*rrnnn'- 1nnfirM *dIr

-'"I-b-.

- -, ---------

- - -1
--UM•AUfeigrar uang. is psignifiane f utendesign ef impact rminst the amoutnto

workaro&unds.The significance of the design change impact determines the amount of

monitoring effort required. A design control process described in Section 4.5.1 of the

U.S. EPR HFE Program Management Plan (Reference 2) controls the design, design

changes, design verification, and analysis activities. A similar process is used by the

U.S. EPR operator to control design changes. The process confirms that changes made

to the design are adequate and accomplish the goal of the design change. The process

also confirms that the design change does not result in adverse effects on personnel

performance.

A substantial HSI design change is simulated on the simulator. Evaluation of human

performance determines the anticipated impact of the design change, verifies that the

performance level has been maintained, and verifies that the design change can be

effectively used by personnel. If the design change demonstrates performance
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18-57 > enhancements and does not show an adverse impact, it may be implemented into the

plant.

18.12.2.5 1wPcTFtionaI i-eew: inde*Performance Indicators [---['•i

118-59 J>
I

An operational focuz indc izPerformance indicators are used to trend performance of

operator's day to day activities. Indicators are used to exhibit the level of performance

and risk associated with different operational activities. The level of the indicator is

based on operator performance for that activity (e.g., Red = Bad, Yellow = Caution,

Normal = White, and Green = Good).

Operational activities include:

" Operator workarounds.

" Operator burdens.

* Control room correctives.I

" Control room annunciations.

" Worker and maintenance tagouts greater than 90 days.

" Caution tagout greater than 90 days.

" Active fire protection impairment due to problem component.

" Corrective maintenance inventory.

" Plant elective maintenance inventory.

" Temporary modifications.

- > Indicators are updated from this database eriodically with a rolling average used to
show trend. Adverse trends are entered into the corrective action program. Further

analysis (e.g., root cause or operator interviews) may be required to understand the

adverse trend and identify effective corrective actions.

18.12.2.6 Probabilistic Risk Assessment

Probabilistic risk assessment (PRA) models are used when plant or personnel

performance can not be simulated, monitored, or measured. Performance data from

modeled risk-significant HAs are used to evaluate the risk of the proposed design

change on human performance during different operation modes. The U.S. EPR
operator maintains the PRA model. After a design change, the PRA model is updated

F8-561> to reflect the new design. Risk-significant human actions are addressed through this

monitoring program.I
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18.12.2.7 Ocl;;r:Il Dccign Control Procccc

A

aedsmgn caont rnl troceess ricscntcci in-R N-ccrtioen 4.5. 1 ot1 tihc uzT.. LYK HFE rrozram
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wianagemont Plan kuc.fercrcncc 31) contro.s thc acsign, acsign enangos, acsagn
verification, and analysis activitics. A similar proccss is uscd•by thc U.S. EPR •op. ator

to control design changes. Thc pr iess s that changcs madc to thc dcsign ar

adcquatc and accomplish thc goal of the design change. Thc proces alsenefilms that

thc dcsig~n changc docs not rcsult in adlvcrsc cffccts on pcrsonncl pcffomonccn.

A substantial HSI dcsign chanigc is simulatcd on thc simulator. Evaluation of human

pcrffomancc dctcr~mincs thc anticipatcd impact of thc dcsign changc, verifics that thc
r:irrFn;i=-m:r-.n lrx'rPl qi-mn hrr~n rnnintn;inrld nnAd IXrrrifirn rhnqV rhr dclr'nkn rnngo mr- hr
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18.12.2.8 Existing Plant Maintenance and Inspection Programs IiiZ1

Additional plant programs are used to support human performance. Barriers,
including the inservice inspection and inservice testing program and the maintenance6
rule, are used to prevent a negative impact on human performance. To maintain

acceptable human performance, structures, systems, and components (SSC) must be

maintained in proper working order. Routine testing and inspection of SSC is

performed so that deficiencies are corrected before the SSC become ineffective or

inoperable.

Operators require proper notification when an SSC is out of commission for

maintenance or repair in order to maintain sufficient human performance. Use of an

inoperable SSC could potentially be tracked as an error in human performance and

indicate a false trend.

Results Summary18.12.3

I 118-57 ý>I
HPM is continued throughout the life of the plant. It is expected that monitoring

programs remain in place for the life of the plant. Reports summarizing human I
performance-related issues, resolution of those issues, implementation status, and

operating experience results are maintained for trending purposes. Operating
conditions determine the necessary frequency of these summary reports.

18-5I7 A U.S. EPR operator sha maintain4 an HPM program which meets the intent given in
this section. Documentation of HPM summarizes the following:

* Baseline human performance criteria established during V&V.

* HPM implementation strategy.
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