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Acceptance Criteria:

NUREG-0711 criteria 8.4.1(1),(2),(3), and (4) identify information sources that should
provide input to the HSI design process.

Evaluation:

In DCD rev 1 section 18.7.2, the applicant states that Japanese and international
standards, Japanese nuclear power plant operating experience, and NRC-directed
operating considerations are applied to the APWR HFE design. This section references
topical report MUAP-07007 appendices A and B for additional discussion. In DCD,
Section 18.7.2.1, “HSI Design Inputs,” the applicant again states that the Japanese
APWR HSI design is the initial design input for the US-APWR design. The remainder of
this section restates the NUREG-0711 section 8.4.1 criteria .

By virtue of restating the NUREG-0711 criteria, the DCD provides a programmatic level
commitment to use these inputs. However, there is no explanation of how design inputs
are evaluated and applied as design requirements to the US-APWR main control room
design. With no more information than a restatement of the NUREG criteria, the staff
cannot evaluate whether appropriate methods are used to implement the criteria. As
outlined below, the staff reviewed the topical report for additional detail associated with
this criteria.

The topical report, appendix A outlines the developmental history of Japanese PWR
Main Control Room by MHI and Japanese PWR Power Utilities. It provides a list of the
technology advancements that were incorporated into the main control room and the
verification and validation activities that were used to confirm functionality. The topical
report, appendix B provides an overview of how the verification and validation activities
were performed. Topical Report, section 5.7.3.1, “Input Information to HSI Design
Process” lists the following design inputs:

e Input from the Analysis of Personnel Task Requirements including analyses
performed for operational experience review, functional analysis and function
allocation, task analysis and staffing

e System requirements

e Applicable regulatory Requirements

¢ Other necessary requirements for US-APWR
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Appendix A and B from the topical report identify how the MHI design evolved but do not
explain directly how design inputs are evaluated and applied as design requirements to
the US-APWR main control room design. The staff did not identify any relevant
information to HSI Design Inputs in these appendixes. Topical Report section 5.7.3.1,
which is not specifically referenced in the DCD but is relevant, contains a different list of
design inputs than the DCD. Specifically, “Regulatory requirements” and “Other
requirements” are added and Risk Important Human actions are omitted.

Information Request:

Based on this review the following information is requested:

(1) Please provide detailed information demonstrating how this NUREG criterion
is implemented.

(2)  Since the Topical report is referenced within the DCD as “the detailed
description of the.... methodology used to develop (the) design,” clarification
is requested in the following areas:

- Why are the two Design input lists different?
What methodology is being followed in referencing between the DCD and
the topical report?
What “necessary requirements for the US-APWR” have been included in
the “Other requirements” category?

NOTE: RAI 66,67,68 and 69 from the topical report identify similar concerns. The RAI
response improved the Topical Report’s organization of information pertaining to design
inputs but did not address how design requirements are developed from design inputs.

18-52
Acceptance criteria:

A concept of operations should be developed indicating crew composition and the roles
and responsibilities of individual crew members based on anticipated staffing levels.
The concept of operations should:

. Identify the relationship between personnel and plant automation
by specifying the responsibilities of the crew for monitoring, interacting
[with], and overriding automatic systems and for interacting with
computerized procedures systems and other computerized operator
support systems.

. Provide a high-level description of how personnel will work with
HSI resources. Examples of the types of information that should be
identified [are] the allocation of task to the main control room or local
control stations, whether personnel will work at a single large workstation
or individual workstations, what types of information each crew member
will have access to, and what types of information should be displayed to
the entire crew.
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. Address the coordination of crew member activities, such as the
interaction with auxiliary operators and coordination of maintenance and
operations should be addressed.

Evaluation:
Generally the "Concept of Operation” is well described in MUAP-07007 section 4.
Information Request:

Additional information is requested to the following 2 specific areas:

1. The HSI design includes a significant amount of automatic control. Please provide
more detail on the “concept of operation” with respect to overriding automatic
systems. (NUREG-0711 8.4.2(1) first bullet)

2. Please provide more description of the video communication systems. DCD
section 18.7.2.2 mentions them and references MUAP-07007 section 4.3.1 for a
description. The only description in this section is contained in Table 4.3-1 which
mentions a ITV console in the MCR for monitoring, “local area, spent-fuel pit,
etc.” (NUREG-0711 8.4.2(1) second bullet)

Note: MUAP-07007 RAI 18-71 is titled "Concept of Operation" but addresses NUREG-
0711 criteria 8.4.3 and 8.4.4.

Acceptance Criteria:
Functional requirements for the HSIs should be developed to address:

» the concept of operations

» personnel functions and tasks that support their role in the plant as derived
from function, task, and staffing/qualifications analyses

*  personnel requirements for a safe, comfortable working environment

Requirements should be established for various types of HSls, e.g., alarms, displays,
and controls.

Evaluation:
DCD section 18.7.2.3 states,

“Reference 18.7-3 identifies the key principles of functional requirements specification in
Chapter 4, “Functional Design Specification,” with additional analytical detail provided in
Appendix A, “Design Guide for Control Rooms,” Section A.4. These basic functional
requirements for all HSI resources are reflected in the HSI design described in the
Topical Report (Reference 18.7-1). During the detailed design process additional
functional requirements for HSIs are added reflecting the output from the task analysis,
including alarm, information and control content for specific displays.”
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Reference 18.7-3 is Design for Control Rooms of Nuclear Power Plants, IEC 964,
International Electrochemical Commission, 1989.

It is not clear how IEC 964 is being used. Does the guidance in chapter 4 and Appendix
A of IEC 964 supplement NUREG-0711? Is MHI implementing all of the guidance in
these sections or just selected parts? The text indicates the basic requirements from this
source are reflected in the HSI design. How is this accomplished?

MUAP-07007 section 5 is intended to describe the HFE Design Process but section
5.7.3.1 just summarizes the NUREG-0711 criterion. There is no description of how IEC
964 guidance is included in the HSI design process and there is no explanation of how
functional requirement specifications are actually developed. With no more information
that a restatement of the NUREG criteria, the staff cannot evaluate whether the methods
used to implement the criterion are appropriate.

Information Request:

1. Please provide detailed information demonstrating how these NUREG criteria are
implemented. This should include how functional requirement specifications are
developed and how they interface with the HSI design process.

2. Please clarify how IEC 964 is used to develop functional requirement
specifications.

Note: MUAP-07007 RAIs 18-71 and 72 address this same subject.

Acceptance Criteria:

The functional requirement specification should serve as the initial source of input to the
HSI design effort. If the design is a direct evolution from a predecessor, rather than a
new design concept, the criteria in this section should be considered relative to operating
experience of the predecessor and the design features (e.g., aspects of the process,
equipment, or operations) of the new design that may be different from the predecessor.
Human performance issues identified from operating experience with the predecessor
design should be resolved.

Evaluation:

In DCD section 18.7.2.4, the applicant states that the US-APWR HSI design is a direct
evolution of the predecessor standard Japanese PWR HSI design, as described in
MUAP-7007 and shown in Appendix B, Figure B-2. As communicated previously this is
insufficient information on the predecessor design. While there is no inherent concern
with the actual HFE design as described in MUAP-07007, the basis for the design must
be demonstrated (for example, following NUREG-0711 guidance, does the operating
experience analysis, function and function allocation analyses, and task analysis support
the predecessor design and is it consistent with the US-APWR style guide). The staff
would need to verify the HFE processes and HFE design of the predecessor plant before
the predecessor design could become the starting point for the evolutionary design. This
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is because the predecessor design has not been previously approved for operation in
the United States. Consequently, there is no baseline for the staff's conclusion on
reasonable assurance of safety.

In the same DCD section the applicant states that the development of the standard
Japanese PWR from concept phase through final design is described in MUAP-07007
appendix A. This appendix is titled, “History of development of Japanese PWR Main
Control Room by Mitsubishi and Japan’s PWR Power Utilities.” The staff did not find this
history plus the accompanying list of design objectives and V&V activities to be an
adequate description of the development of “concept phase through final design” of the
predecessor standard Japanese PWR HSI design for the following reasons:

1. The HSI design process used to reach a final HSI design was not described in
sufficient detail.

2. The information that has been made available on the predecessor design via
submittal UAP-HF-09020 has not been organized in a fashion that demonstrates
the NUREG-0711 guidelines (or some equivalent standard) have been
implemented.

3. The quality of the information provided (UAP-HF-09020) has not been sufficient.
Atypical word usage, poor organization, and missing information have prevented
the staff from reaching conclusions on how NUREG-0711 review criteria are met.

In summary, the level of detail, organization, and quality of information provided to
support the staff’s review of the predecessor plant has not been sufficient to support the
use of the Japanese APWR HSI design as the initial source of input for functional
requirement specifications into the HSI design as stated in the second bullet of DCD
section 18.7.2.4.

While not referenced directly, MUAP-07007 section 5.7.3.1 restates the first sentence of
the criterion indicating “functional requirement specification would serve as the initial
source of input to the HSI concept design” but no methodology is described for how this
criterion is accomplished.

Information Request:

1. Please demonstrate how the predecessor plant HFE design meets NUREG-0711
guidance (or its equivalent).

Note: HFE Design methodology issues have been addressed in previous RAIs. Topical
Report RAI 18-73 addresses this same issue.

Acceptance Criteria:

NUREG-0711 section 8.4.4 criteria (2)-(5) contain guidance on identifying HSI functional
requirements, alternative concept designs and HSI performance designs. The guidance
is designed to ensure state of the art HFE technologies are appropriately considered
during the HSI design process.
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Evaluation:

In DCD section 18.7.2.4, the applicant restates NUREG-0711 criteria 8.4.4 (2) through
(5) saying they were considered during the development of the standard Japanese PWR
and the HSI design. With no more information than a restatement of the NUREG
criteria, the staff cannot evaluate whether appropriate methods are used to implement
the criteria. While these criteria were applied to the Japanese standard PWR HSI design
rather than the US-APWR more detailed information is needed because these
predecessor plants have not been approved by the staff for operation in the US. Also,
Japanese predecessor plants using integrated digital control systems have not yet
operated and thus have not demonstrated the HFE design via operating experience.

The DCD describes changes that were made to the standard Japanese PWR HSI
design that are reflected in the US-APWR but does not describe how criteria 8.4.4 (2)
through (5) were applied to these changes.

Information Request:

1. Please explain how criteria 8.4.4 (2) through (5) were applied to the predecessor
plants.

2.  Please explain how criteria 8.4.4 (2) through (5) were applied to the HSI design
changes made to the US- APWR design.

Note: This subject is also addressed in Topical Report MUAP-07007 RAI 18-71 and
RAI 18-72.

Acceptance Criteria:
Design-specific HFE design guidance (style guide) should be developed. HFE
Guidelines should be utilized in the design of the HSI features, layout, and environment.

Evaluation:

In DCD section 18.7.2.5, the applicant states that The HSI detailed design and
integration for the US-APWR is based on the standard Japanese HSI design. The
standard Japanese APWR HSI design was developed based on generic HFE design
guidance (style guide). The DCD indicates this style guide is described in the Topical
Report. The criteria applicable to the content of the style guide are restated in the DCD
without further example or description of how they are implemented.

The Topical Report indicates a style guide will be developed and used to define the
design-specific conventions (section 5.7.1), conform to NUREG-0700 (Section 5.7.2),
and provide general guidance for display format, display element and display design
policy (section 5.7.3.2).

This information provides a satisfactory programmatic level commitment for developing
the style guide. However, it is of insufficient detail to support staff evaluation of criterion
8.4.5 (1).
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Information Request:

Please make the “Style Guide” available for review so the staff can complete their
evaluation of this criterion.

Note: Topical Report MUAP-07007 RAIs 18-74 and 18-75 address this subject and must
be addressed in parallel with this RAI to completely address the applicable NUREG —
0711 criteria.

Acceptance Criteria:

NUREG-0711 section 8.5.4 criterion 3
For risk-important HAs, the design should seek to minimize the probability that errors will
occur and maximize the probability that an error will be detected if one should be made.

Evaluation:

In DCD section 18.7.2.5, MHI restates this NUREG criterion and references the Topical
report for additional detail. Also the following information is provided:

“There are two actions required, if the operator’s action may cause a spurious
actuation of a system that may cause a transient. In addition, operational
VDU displays are designed to support credited manual operator actions for
event-based mitigation.”

While understandable as a concept, it is unclear how the phrases “two actions required”
and “VDU displays are designed” are translated into design requirements that
specifically address this criterion.

In the Topical Report section 5.6.2, the applicant states that the HFE design gives
special attention to those plant scenarios, risk-important human actions, and HSIs that
have been identified by the PRA/HRA as being important to plant safety and reliability.
Section 5.7, HSI design, does not specifically address risk-important actions. Section
5.7.3.1 does address the use of PRA/HRA results as inputs to the HSI design process
but inconsistently. The itemized design input list at the beginning of the section does not
address PRA/HRA results other than by inclusion in the catch all criterion of “Other
requirements.” The last sentence in the section, which again lists design inputs, does
include PRA/HRA actions.

There is no information describing how the design team implements this criterion.
Information Request:

Please provide the following information:

1. Inthe DCD, clarify the phrases “two actions required” and “VDU displays are

designed.” What is specifically being done to minimize the error probability and
maximize error detection?
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2. Provide detailed information demonstrating how this NUREG criterion is
implemented.

Acceptance criteria:

NUREG-0711 section 8.4.5 (4)

When developing functional requirements for monitoring and control capabilities that
may be provided either in the control room or locally in the plant, the following factors
should be considered:

communication, coordination, and workload
feedback

local environment

inspection, test, and maintenance
importance to safety

Evaluation:

The staff did not find a discussion of these factors as they apply to developing functional
requirements.

Information Request:

Please provide information addressing this criterion.

Acceptance Review:

NUREG -0711 section 8.4.5 critierion 5

The layout of HSIs within consoles, panels, and workstations should be based upon (1)
analyses of operator roles (job analysis) and (2) systematic strategies for organization
such as arrangement by importance, frequency of use, and sequence of use.

Evaluation:

In DCD section 18.7.2.5, the applicant states that the basis for the control room layout,
and the organization of HSIs within consoles panels, and workstations is described in
the Topical Report.

Topical Report, section 4.3.2, “Operator Console Layout,” states that the shape,
dimension and arrangement of each console meet ergonomic design standards. No
additional detail on console, panel and workstation layout was provided.
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Information Request:

Please provide additional information that specifically addresses this criterion.

Acceptance Criteria:

NUREG-0711 section 8.4.5

Criterion 6

Personnel and task performance should be supported during minimal, nominal, and
high-level staffing.

Criteria 7

The design process should take into account the use of the HSIs over the duration of a
shift where decrements in performance due to fatigue may be a concern.

Criteria 8

HSI characteristics should support human performance under the full range of
environmental conditions, e.g., normal as well as credible extreme conditions. For the
main control room requirements should address conditions such as loss of lighting, loss
of ventilation, and main control room evacuation. For the remote shutdown facility and
local control stations, requirements should address constraints imposed by the ambient
environment (e.g., noise, temperature, contamination) and by protective clothing (if
necessary).

Criteria 9

The HSIs should be designed to support inspection, maintenance, test, and repair of (1)
plant equipment and (2) the HSIs. The HSIs should be designed so that inspection,
maintenance, test, and repair of the HSIs do not interfere with other plant control
activities (e.g., maintenance tags should not block the operators’ views of plant
indications).

Evaluation:
In DCD section 18.7.2.5, the applicant restates NUREG-0711 criteria 6 through 9 and
indicates they are described in the Topical Report. The topical report does not explain

the methods used by the design team to address these aspects of the HSI design.

Information Request:
Please provide information that specifically addresses these criteria.

Acceptance Criteria:

NUREG-0711 sections 8.4.6.1 and 8.4.6.2 contain specific criteria for trade-off
evaluations and performance-based tests to be incorporated within the Human-System
Interface Design.
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Evaluation:

In DCD section 18.7.2.6, the applicant states that the control room HSI development of
the Japanese APWR included trade-off evaluations and performance based tests.
There is no additional information explaining how the NUREG criteria for either trade-off
evaluations or performance based testing were accomplished to support the US-APWR
design. Again the Japanese APWR HFE design appears to be the starting point with no
explanation of how the design was developed.

A reference to the topical report indicates the performance of operating staff conducting
the evaluations and tests was evaluated and described in Appendix B of Topical Report
MUAP-07007. Appendix B outlines the HFE V&V Experience in Japan. V&V is a
separate and distinct element from the evaluations and tests described as part of the
Human-System Interface Design element. The DCD and topical report do not recognize
this difference.

Information Request:

Please provide additional information that specifically addresses criteria 8.4.6.1 and
8.4.6.2 for the USAPWR HFE design.

NOTE: This subject is also addressed in Topical Report MUAP-07007 RAI 18-76

Acceptance Criteria:

18.8.3.1 HSI Design Documentation:

Criterion 1
The HSI design should be documented to include:
. the detailed HSI description including its form, function and
performance characteristics
. the basis for the HSI requirements and design characteristics with
respect to operating experience and literature analyses, tradeoff studies,
engineering evaluations and experiments, and benchmark evaluations
. records of the basis of the design changes.
Criterion 2

The outcomes of tests and evaluations performed in support of HSI design should be
documented.

Evaluation:

In DCD section 18.7.3 and it subsections, the applicant describes a “US-APWR HSI
Design Technical Report that is to be issued. It includes descriptions of the overall
design concept and its rationale, the MCR, Remote Shutdown Console, TSC, and Local
Control stations that are important to safety. It does not specifically include the EOF in
this list although the EOF is listed in a subsequent section which states that the safety

10
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aspects for the emergency response facilities will be described. The criteria listed in the
NUREG are quoted as part of the scope to be included in the document along with the
outcomes of tests and evaluations performed in support of HSI design. The description
of HSI design documentation addresses the NUREG criteria with the exception of the
following questions.

Information Request:

1. Will the HSI Design Technical Report be submitted as part of the DCD review or
added as an ITAAC report documenting completion of the HSI design?

2. DCD section 18.7.3.1, “Overview of HSI Design and Its Key Features,” does not
include a description of the EOF. Please explain why it was not included.

11



