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Abstract

This document presents the Implementation Plan for the US-APWR human factors Verification
and Validation program (V&V). The US-APWR Verification and Validation Implementation Plan
complies with NUREG-0711 (Reference 6-7) and follows the methodology developed for and
applied to the design testing program conducted under the Mitsubishi Heavy Industry's Phase
1a and Phase 1b program, described in MUAP-DCO018 and MUAP-07007 (Reference 6-1, 2).
The V&V program utilizes the output from the task analysis (TA), human reliability analysis
(HRA), operating experience review (OER) and HSI design, as well as the procedure
development effort.

The V&YV is conducted under a test procedure utilizing U.S. licensed, or previously licensed
plant personnel for subject test crews and independent, qualified and trained test personnel for
test management, administration and observation and post-test data analysis. The Verification
will utilize an NRC approved HSI Design Style Guide (Reference 6-5) early in the V&V process
so as to allow for Human System Interface System (HSIS) modifications based on Human
Engineering Discrepancies (HEDs) resulting from the Verification. The Verification will rely on
the use of interface photographs and drawings, a PC part task representation of the displays
designed specifically for the Verification, mock-ups, and a full scope simulator.

The Integrated System Validation (ISV) will apply a set of 20 selected test scenarios with
clearly defined evaluation criteria on a full scope dynamic simulator. These scenarios will be
selected to include a robust set of operating conditions that will include all risk-important
human actions identified in the HRA that are pertinent to plant operations and the results from
the OER study that are pertinent to operations. The ISV program will specifically use the full
scope dynamic simulator developed for operator training and in compliance with ANS/ANSI
3.5 (Reference 6-6) requirements, for all activities conducted in the main control room (MCR).
All validation tests will rely on a set of US-APWR operating procedures and will include the
incorporation of minimum staffing design assumptions. The Validation of the MCR will include
activities outside of the MCR when they are supporting or in communication with the MCR
during Validation scenarios. These outside activities include local control stations (LCS) that
fall into the categories identified in DCD section 18.1.1.2 and 18.10.1 (Reference 6-1), the
Technical Support Center (TSC), and the Central Alarm Station/Secondary Alarm Station
(CAS/SAS). To simulate real world conditions, as they impact the performance of the MCR
personnel under times of high personnel loading, personnel engaged in startup, maintenance,
instrument calibration, surveillance test and inspection activities will be included in the
validation of the HSI through insertion of additional personnel loading selected scenarios.
Communications with offsite facilities and other outside organizations will be simulated during
the ISV. The actions of the personnel outside the MCR who actually conduct these activities
will be simulated to confirm the MCR communications.

Validation of the HSI for supportive activities outside of the MCR (local control stations, TSC
and test and maintenance panels) will use mock-ups and part task approaches. In cases
where analysis shows that the supportive activities have no impact on plant safety, analytical
approaches will be used to validate the HSI design.

As in the previous design tests, subjective data will be collected through test personnel and
subject crew questionnaires, structured interviews, and real time video and audio recording.
Objective plant data will automatically be collected via the simulator computer for each

Mitsubishi Heavy Industries, LTD.
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scenario. A converging perspectives analysis approach will be applied to the data analysis and
conclusions regarding the HSI interface performance, including use of the existing Human
Engineering Discrepancies (HED) identification, resolution, closure and tracking process as
described in Appendix 2.

In the philosophy of continuous improvement, data collection for evaluation of further
improvements to the HSI design will be clearly distinguished from acceptance data.

Mitsubishi Heavy Industries, LTD.
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1.0 PURPOSE

This document describes the Verification and Validation (V&V) Implementation Plan for the
US-APWR.

The Mitsubishi Heavy Industry (MHI) V&V program will provide logical and comprehensive
evidence that the integrated Human System Interface (HSI) of the US-APWR conforms to
good human factors principles and that it adequately supports plant personnel in the safe and
efficient operation of the plant. The V&V program will assure that the integrated design meets
MHI specified design guidance and remains within acceptable performance limits under a
broad set of operating modes and conditions.

2.0 SCOPE

The MHI V&V Implementation Plan is intended to fully meet the review criteria as outlined in
NUREG-0711 (Reference 6-7). The V&V program makes use of the other HFE elements in the
design process as shown in the Overall Work Flow, Figure 2.1-1, and as described in the HFE
Overall Implementation Plan (Reference 6-4, Part 1).

The US-APWR V&V implementation program will verify that the HSI provides all the alarms,
information and controls needed to support the personnel tasks as identified in the Phase 2a
and Phase 2b task analysis (TA) and that the HSI characteristics and environment meet the
HSI Design Style Guide (Reference 6-5). The V&V implementation program will also validate
the integrated HSI system through performance based tests applying, using as additional
guidance, NUREG/CR-6393 (Reference 6-8), to all risk-important Human sctions (RIHAs),
selected beyond design bases events and the full range of plant operating conditions
including the following:

Startup/ Shutdown

Normal Operations

Abnormal and Emergency operations
Transient conditions

The Implementation Plan addresses the Main Control Room (MCR) and selected remote
locations (local control stations (LCS), Technical Support Center (TSC), and Central Alarm
Station/ Secondary Alarm Station (CAS/SAS)) that can influence the main control room crew's
performance. Communications between the MCR and the Emergency Operations facility
(EOF) and between the MCR and other off-site entities (e.g., emergency officials) are included
in the Integrated System Validation (ISV) for the MCR (Reference 6-1 section 18.10.1). HSI
outside of the MCR (local control stations, TSC and test and maintenance panels) will also be
evaluated by implementation of this V&V Implementation Plan through the application of the
same tool set with the exception of not utilizing dynamic simulation since the simulator is
limited to the MCR. V&V facilities, outside of the MCR, will rely on mock-ups and part task
simulations for all facilities that, through analysis, have been determined to have an impact on
plant safety. The same V&V methods as applied to the MCR will be adapted to thoroughly
evaluate the HSI facilities outside of the MCR. Analytical approaches will be applied to those
facilities that have been determined by analysis not to impact plant safety. The V&V program
will include personnel beyond the minimum MCR crew of senior reactor operator (SRO), and
reactor operator (RO). This will exercise the integrated system, including the HSI, personnel
and procedures for situations in which communications and coordination with personnel

Mitsubishi Heavy Industries, LTD.
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outside of the control room is required, and when additional personnel are performing work in |
the control room. The goal of the V&V program is to test the HSI in real world conditions
resulting in confidence that all possible situations have been enveloped by the V&V and
therefore provide high confidence that the integrated HSI of the US-APWR meets safety and |
performance objectives.

All the HSI that is in the scope of the US-APWR HFE program, as described in the .DCD
subsection 18.1.1.2 (Reference 6-1) is within the scope of the V&V program. The V&V for the
MCR will utilize full scope dynamic simulation, including lighting conditions and simulation of
noise and environment. The process of identification, resolution, closure and tracking HEDs as
discussed in Appendix 2, and Reference 6-4 Part 1, will be applied to the HSI V&V results and
reported in the Results Summary Report.

2.1 Background

MHI has incorporated into its HSI design process, a set of HSI tests and assessments which
include verification of a sample of the HSI to the NUREG-0700 standards (Reference 6-9), and
as recommended by ISO 11064 (Reference 6-10), scenario driven dynamic, human in the loop,
MCR design simulation tests. The methodology and results of this effort are used as a basis
throughout this V&V Implementation Plan. This methodology is described in the
Implementation Plan as needed to clarify the V&V program, including test data collection
instruments and the HED process (Reference 6-3 and 4). For clarity, the HED process is also
described in Appendix 2 of this Implementation Plan and the data collection instruments are
presented in Appendix 3 of this Implementation Plan. MHI will employ these earlier methods
which were reported, and reviewed by NRC staff, under Human System Interface Design
Element 8 of NUREG-0711 (Reference 6-7). These methods will be applied to the US-APWR
V&V program through this Implementation Plan and subsequent supporting V&V Test
Procedures. The V&V program will utilize US licensed or previously licensed operators, for the
makeup of the MCR test crews throughout the implementation of the ISV program. The V&V
will utilize the final HSI design, including operating procedures, with the exception of changes
that result from the V&V itself. When design changes result from the V&V, an analysis will be
performed to determine if additional V&V is required to assess the effect of the specific V&V
originated design changes. If it is determined that design changes which occur as a result of
the V&V that have a significant impact on the final HSI as reported in the DCD, the DCD will
be revised and resubmitted to the NRC.

The V&YV results will be documented in a Results Summary Report that supports the
conclusion that the HSI design of the US-APWR has met the criteria. The Results Summary
Report will also summarize the open HEDs and include a description of the V&V program as
described in section 4.8.

Mitsubishi Heavy Industries, LTD.
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Figure 2.1-1 HFE Overall Work Flow, Ref MUAP-09019 Rev. 2, Part 1

3.0 APPLICABLE CODES, STANDARDS AND REGULATORY GUIDANCE

Applicable codes and standards are referenced in MUAP-DC018 and MUAP-07007.

4.0 IMPLEMTATION PLAN

4.1 Operational Conditions Sampling

MHI will select a combination of HSI features, test scenarios, plant process equipment
degradations and failures, number and qualifications of operating staff members, operating
procedures which are to be employed, exercised and stressed with each HSI Validation Test
scenario. What follows is a description of the process that MHI follows, as part of executing the
V&V Implementation Plan, to select test scenario variables for each Validation Test. The
Operational Conditions Sampling (OCS) process will only be applied to the Validation tests.
The Verification will not make use of the OCS process in that it will sample one hundred
percent of the HSI. OCS is presented at this point in the Implementation Plan to facilitate
review to the order of NUREG-0711 criteria (Reference 6-7).

The OCS will define difficult tasks resulting from the OER as those that initiated an HED and
are reported in Reference 6-3.The Validation will specifically evaluate the design changes
resulting from these OER originated HEDs. In addition, the OER report will form one input to
the OSC as important operational experience for consideration in scenario development.

The OCS will identify, as one aspect of difficult tasks, knowledge based tasks by:
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First: analyzing the operating procedures. For this purpose tasks in the operating
procedure will be assigned two categories, 1) the operator simply controls or monitors
plant conditions following clear and routine procedures and prompts, and 2) the operator
must diagnose plant conditions and appropriate actions with incomplete or conflicting
procedures and/or prompts. For the OCS, the HSI design and V&V team will review the
operating procedures. If the text in the Action/Expected Response column contains
activities in the second category the task will be identified as knowledge based task.

Second: reviewing the Phase 2a and Phase 2b task analysis to identify tasks that the
analysts have identified as complex, requiring knowledge based decision making or
under high work load. The results from this analysis will be then compared to the
procedure based analysis and differences reconciled.

Third: identifying and adding complicating factors to well understood tasks by the
addition of secondary and tertiary events or failures, such as;
1. Failures of needed and expected instrumentation that result in incomplete or
misleading information.
2. Failures of manual controls that are needed to manage the task.
3. Failures of automated systems that require the operator to in part, or in full, take
over the control of plant response.
4. Failures of the CBP system
5. Failure of non-safety systems
6. Failures of all digital systems, including HSI

Fourth: including knowledge based tasks from existing operator licensing examinations.

Fifth: introducing Risk-Important HAs that require cognitive judgment, planning and
analytical decision making.

Sixth: encompassing beyond design bases events through evaluation of functional
recovery procedures to identify knowledge based tasks.

The OCS will define additional difficult tasks, in addition to those identified by the OER, by
those actions that historically have given operators of existing PWRs difficulty in qualification
and requalification examinations or have been identified by the industry and NRC through
operational events.

Lastly, tasks that were identified as high workload in the function allocation and Phase 2a and
Phase 2b task analysis, and did not result in a design change to reduce the workload, will be
included.

The OCS will have a goal to drive the operator into causing errors that must be identified and
recovered from. Knowledge of the weaknesses of the human will be used to test the
robustness of the HSI to tolerate error and offer the capability of the operator to identify and
recover from those errors. These error forcing contexts will be accomplished by introducing:

1. Routine and repetitive tasks
2. Multiple related and independent events
3. Masked failures of automated systems

Mitsubishi Heavy Industries, LTD.
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4. Train versus Loop recognition (e.g., a component is located in SG loop A, but the
component is assigned to Train D)

The OCS will define high workload as tasks where significant multitasking is required, such
that performance degradation that is attributable to the workload can be observed or
measured. This situation includes both physical as well as cognitive conditions, such as
number of tasks for screen navigation and searching for information in different VDU screens.
High workload tasks are identified in the TA and will be augmented by the subject matter
experts on the scenario development team.

Varying workload will be also considered by including scenarios that have significant increase
or decrease in alarms, procedural tasks, and external communications demands. This will
include varying workload when transitioning between the CBP and paper procedures, between
the operational video display units and the safety video display unites, and between the
operational video display unites and the Diverse Actuation System.

The effects of fatigue will be evaluated by running selected tests for 10 hour days and through
test schedule variations.

Environmental factors such as normal expected variation in the MCR lighting, noise and
temperature during high personnel loading will be included in the OCS considerations.

The Validation will encompass all Risk-Important human actions (HAs) that are pertinent to
plant operations to ensure the HSI design supports human performance as defined in the
HRA/PRA.

The Validation will include, as per NUREG-0711 (Reference 6-7), the interface, operating
procedures, staffing and qualifications results.

MHI's V&V Team (Reference 6.4 Part 1) includes persons who are knowledgeable in
designing HFE evaluations and V&V programs and have experience in designing and
managing tests that assess human performance. These persons will prepare a Test Procedure
that includes a set of test goals and objectives for the Verification and Validation that is used
as the starting point by the scenario developers in developing each detailed scenario that is
used to support the Validation.

In addition, the V&V Team assures that a maximum range of situational factors that are known
to challenge human performance (e.g., situational awareness, workload, error forcing contexts,
recovery, ergonomics, environmental stressors and fatigue) will be addressed and assessed in
the set of test goals and objectives that are used in the validation test scenario development.

The scenario developers are responsible for assuring that a satisfactory set of plant conditions
and ‘personnel tasks’ (procedure guided tasks, knowledge based tasks, risk-important human
actions, OER supported human interactions, and degraded HSI) are covered in the set of
scenarios that comprise the Integrated HSI Validation testing.

The scenario developers and the scenario development process are augmented with
additional personnel when the focus of the Validation testing is on HSI outside of the MCR
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(safety significant local control stations, TSC) and when MCR HSI Validation requires
interfacing with facilities outside the MCR (Emergency Operations facility and CAS/SAS). The
additional experts bring an understanding of the scope of plant operations that are defined by
the system and HSI being evaluated and can determine which human performance issues that
are to be supported by the specific HSI.

4.2 Design Verification

The HSI Design Verification and design changes resulting from HEDs that have been
identified from the verification will be completed prior to beginning the integrated system
validation. The Design Verification is composed of HSI Inventory and Characterization
(section 4.2.1), HSI Task Support Verification (4.2.2), and HFE Design Verification (4.2.3), as
described in Reference 6-7.

4.2.1 HSI Inventory and Characterization

The US-APWR HSI employs the US Basic HSI system as derived from the completed Phase
1a and Phase 1b design testing program. The US-APWR HSI inventory is developed from the
US-APWR TA. As the final US-APWR HSI design is completed, the inventory will be entered
into the MHI quality assurance configuration control program, including a complete description
of its characteristics.

The inventory of HSI components forms the basis for the design verification. The
characterization of this inventory represents the detailed descriptive information relating to
each of the HSI components. The inventory, design characterizations, graphical and physical
representations are verified against the US-APWR HSI design documents: JEJC-1763-1001
(Reference 6-5), HSI Design Style Guide, NUREG-0700 (Reference 6-9), and other
documents to be defined at a later point as the HSI design is completed. These will include
nomenclature, acronym and component control guides.

4.2.2 HSI Task Support Verification

As part of the Design Verification, an HSI Task Support Verification will be performed to
assess the HSI design as it supports the tasks identified in the Phase 2a and Phase 2b task
analysis. A multidisciplinary team composed of at least three members having the combined
expertise of HFE, plant operations and task analysis, and independent from the design team,
will be formed. Each member will have at least five years of experience in his or her field (HFE,
plant operations, or TA). This team will, applying the Verification Procedure, conduct a detailed
assessment of the personnel tasks identified by the task analysis as compared to the available
alarms, displays and information sources, and control capabilities provided by the HSI. The
HSI Task Support Verification will also include an assessment of the Computer Based
Procedure (CBP) system design (e.g. display design, display content, navigation links, and
record keeping) and the procedures completeness. A paper and pencil check list method will
be used in this assessment. This will include the use of a Static Portable PC Based Analysis
tool that includes graphical presentation of all operational and safety VDU display screens and
the LDP display design contents. This PC Based Analysis tool is specifically designed to
support the Verification. When it is determined by any one member of the team that the HSI
design does not adequately supply the needed interface, an HED will be written and entered
into the HED data base for resolution. Similarly, when any one member of the team
determines that part of the interface is unnecessary, an HED will be written and entered into
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the HED data base for resolution. As with all HEDs, the process will follow the HFE-HED
process as described in Appendix 2 of this V&V Implementation Plan and in MUAP-09019
(Reference 6-4) Part 1.

The Team will base its assessment on;

e The most recently completed task analysis

o Detailed descriptions of the final HSI design
The Static Portable PC Based Analysis tool containing Plant Control and Monitoring System
(PCMS) provided, safety and non-safety display screens (alarms, indications and controls) for
all systems, and simplified navigation capabilities, as described and applied in past Phase 1
design tests. This tool is designed to support

e The analyst’s verification of display screen content.

The HSI Task Support Verification will verify that the HSI inventory of components/ displays/
alarms/ controls meets those identified by the task analysis. The inventory includes all HSI
components associated with the personnel tasks based on the identified operational conditions.
The inventory describes the characteristics of each HSI component. The following is the
minimum set of information required for the characterization of each component in the
inventory:

¢ A unique identification code number or name
¢ Associated plant system and subsystem
¢ Associated personnel functions/sub functions
¢ Type of HSI component

- computer-based controls

- conventional (hard-wired) controls

- computer-based displays

- conventional (hard-wired) indicators
¢ Display characteristics and functionality
¢ Control characteristics and functionality
¢ User-system interaction and dialogue types
¢ Location in data management system
¢ Physical location in the HSI

In addition to the HEDs generated by the Task Support Verification, the Results Summary
Report documenting the assessment will be written, reference section 4.8.

4.2.3 HFE Design Verification

For the HFE Design Verification, as a second part of the Design Verification, one hundred
percent of the final HSI screen design, content, and ergonomic design will be assessed per
Reference 6-5. A three member team, composed of experts with the same background as
described for the HSI Task Support Verification, described in Section 4.2.2, will be assembled
to perform the Design Verification. The HFE Design Verification will follow a procedure that
guides the team members through the process to assure analyst variation bias is controlled
through consistent application of this Implementation Plan. All discrepancies identified during
the HFE Design Verification will be documented in the HED data base. The Results Summary
Report, reference Section 4.8, will be generated upon completion of the V&V program.
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The objectives of the HFE Design Verification are:

+ confirm that the characteristics of the HSI, its ergonomic layout and the environment in which
it is used, conform to HFE guidelines, as defined in the HSI Design Style Guide (Reference
6-5), and

« identify any inventory or characterization non-conformance.

The HFE Design Verification will be based on the HSI Design Style Guide, JEJC-1763-1001
(Reference 6-5) and additional design documents to be identified through the HSI design
process.

One hundred percent of the MCR HSI will be included in the HFE Design Verification to assure
a consistent application across the entire HSI of the design principles. In order to have an
efficient process, and to assure that the Verification covers the full one hundred percent of the
MCR HSI with at least one team member reviewing each part, the HSI will be divided into
logical parts that will be assigned to different team members to allow the team members to
conduct the assessment independently and in parallel. Upon completion of the independent
assessment the combined results will be reviewed by the full team to reach a consensus
conclusion. The robust approach of verifying one hundred percent of the MCR HSI will not rely
on the results of the OCS process as described in section 4.1. The results of the OCS will be
applied only to the Validation and will not be applied as a sampling process to the Design
Verification.

The HFE Design Verification will use both of both the most recent US-APWR HSI Design Style
Guide (Reference 6-5) and the Static Portable PC Based Analysis tool used in the HSI Task
Support Verification. Reference 6-5 has been successfully audited by the NRC during the
Topical Report SER process. The PC Based Analysis tool, containing all the displays in the
MCR will be used to evaluate screen design and consistency of the application. The dynamic
simulator, the same as will be used in the Validation, will be used to evaluate display
presentation sizes, colors and the MCR ergonomic design.

In compliance with NUREG-0711, the US-APWR HSI Design Style Guide (Reference 6-5)
includes the following guidance:

¢ Display screen format organization

¢ Font size for each display screen

¢ Touch size for touch screen operation

¢ Color coding

e Display labeling coding

e Ergonomic requirement for display

e Standards for controllers and switches

¢ Guidelines for display design (guidelines and coding rules for display screen
implementation)

4.3 Integrated System Validation

The Integrated System Validation (ISV) will include a minimum of three crews, each
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performing all twenty scenarios. To assure that the plant simulator that will be used as the
Validation Test Bed represents the final HSI design for the US-APWR, the ISV will be
undertaken only after HEDs that were identified in the upstream process have been resolved,
and resulting design changes completed and implemented on the simulator. The ISV will be
considered complete when all three crews have achieved the criteria for the specific scenario.
In cases where consistent results are not reached, a fourth crew will be added to the validation.
If at that point, the scenario criteria have not been achieved by at least three of the four crews,
the HSI will be considered unacceptable for that scenario. The HSI must be acceptable for all
scenarios to complete the V&V program element. As with the Verification, the ISV will result in
the identification of HEDs and their inclusion into the HED process, as described in Appendix 2.
The results of the Validation will be reported in the Results Summary Report as described in
Section 4.8.

The ISV will be performed on the final US-APWR design, however, when design changes
result from the ISV, they will be addressed through the HED process and the Design
Implementation element (Reference 6-17).

4.3.1 Objectives
The objectives of the ISV are presented below:

¢ Validate the role of plant personnel
e Validate the minimum MCR staffing levels
e Validate maximum shift levels

¢ Validate that personnel tasks can be successfully performed in the required time
within performance limits, under normal and degraded HSI conditions

o Validate that the HSI contains adequate alarms, information, control and feedback
during all modes of plant operation and conditions

¢ Validate that the HSI supports all identified risk-important HAs
¢ Validate that the HSI supports human error reduction and recovery activities
e Validate the crews situation awareness and workload, including secondary tasks

e Validate the efficiency of the interface management system and the crews ability to
navigate between the HSI and procedures

¢ Validate that the crew can identify and recover from failures of individual HSI
features

e Validate continued operation, accident management, and safe shutdown with a
complete loss of all non-safety HSI

¢ Validate accident management and safe shutdown with common cause failure of
digital systems

¢ Validate that the MCR crew can coordinate and communicate within the MCR and
with personnel outside of the MCR

¢ Validate that the crew can effectively transition between the computer based
procedures and paper procedures
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¢ Validate the transition from the MRC to the RSR to achieve safe shut down

e Validate that there are no elements of the HSI that can negatively affect
performance, such as unneeded or confusing alarms

o Validate that the operating crew can adequately support plant maintenance and
test activities

e Validate that the ergonomic and environmental design and conditions support safe
and efficient operations

4.3.2 Test Beds

The principal Validation Test Bed will be a dynamic plant simulator. The simulator used for the
Validation will have been demonstrated to be consistent with the Validation Test Bed criteria
specified in NUREG-0711 (Reference 6-7), Section 11.4.3.2.2, using ANSI/ANS 3.5-1999
(Reference 6-6) as a reference, and the fidelity of the simulator’'s model and HSI will be
verified to represent the current, 