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Acronyms used in the document are defined in APP-GW-J9Y-001 (WNA-PS-00016-GEN), “Standard 
Acronyms and Definitions” (Reference 1), or included below to ensure unambiguous understanding of 
their use within this document. 

Acronym Definition 

ADS Automatic Depressurization System 
APS Alarm Presentation System 
CPS Computerized Procedure System 
EDS Engineering Development Simulator 
HED Human Error Discrepancy 
HEP Human Error Probability 
LBLOCA Large-break Loss of Coolant Accident 
MTIS Maintenance, Test, Inspections and Surveillance 
NASA National Aeronautics and Space Administration 
PMS Protection and Safety Monitoring System 
SART Situation Awareness Rating Technique 
SBLOCA Small-break Loss of Coolant Accident 
TDS Training Development Simulator 
TLX Task Load Index 

AP1000 is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates 
and/or its subsidiaries in the United States of America and may be registered in other countries throughout 
the world. All rights reserved. Unauthorized use is strictly prohibited. Other names may be trademarks of 
their respective owners. 

Morae is a trademark or registered trademark of its respective owner. Other names may be trademarks of 
their respective owners. 

All other product and corporate names used in this document may be trademarks or registered trademarks 
of other companies, and are used only for explanation and to the owners’ benefit, without intent to 
infringe. 
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GLOSSARY OF TERMS 

Standard terms used in the document are defined in APP-GW-J9Y-001 (WNA-PS-00016-GEN), 
“Standard Acronyms and Definitions” (Reference 1), or included below to ensure unambiguous 
understanding of their use within this document. 

Term Definition 

Exception A justified (i.e., documented and approved) departure from specified 
guidance or requirements. 

Human Engineering A departure of the AP1000® Human Factors Engineering (HFE) design 
Discrepancy from guidance and criteria identified during the execution of HFE 

verification and validation activities. 
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SECTION 1  
INTRODUCTION 

1.1 BACKGROUND 

The Integrated System Validation (ISV) provides a comprehensive human performance-based assessment 
of the final design of the AP1000® Human-System Interface (HSI) resources, based on their realistic 
operation within a simulator-driven Main Control Room (MCR). [ 
 
 
 
 

  
                                           ]a,c 

 

 

a,c 
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[ 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
                     ]a,c 

1.2 PURPOSE 

This document describes the ISV implementation plan for AP1000 as directed by APP-OCS-GBH-001, 
“Human Factors Engineering Program Plan” (Reference 2), WCAP-15860, “Programmatic Level 
Description of the AP1000 Human Factors Verification and Validation Plan” (Reference 3), 
WCAP-14655, “Designer’s Input for the Training of the Human Factors Engineering Verification and 
Validation Personnel” (Reference 6), and NUREG-0711, “Human Factors Engineering Program Review 
Model” (Reference 7). 

Enclosure 6 
NND-13-0127 

Page 19



AP1000 Human Factors Engineering Integrated System Validation Plan 

APP-OCS-GEH-322, Rev. 0 1-3  
  

[ 
 

 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 

 
 
 
                                                                             ]a,c 

The main body of this document includes the scope, methodology, description of the ISV facility, test 
design, participants, scenario selection process, test criteria, and the processing and documentation of the 
results. The Appendices comprise details on the workload rating forms, post-trial questionnaires, and the 
debriefing protocol. 

A “sister” document APP-OCS-GEH-321, “AP1000 Human Factors Engineering Integrated System 
Validation Scenario Information” (Bibliog 1) provides the detailed information on the scenario 
descriptions, scenario-specific objectives, scenario observer guides, shift turnover reports, simulator 
operator guides, and the scenario scripts that detail the communications with people outside of the MCR. 
This information was placed in a separate document for two main reasons. Firstly, this will assist in 
restricting access to the scenario information from the ISV participants, and secondly, the details of the 
scenario information will be updated and further developed prior to the implementation of ISV. 
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1.3 SCOPE 

The following are utilized to represent the final MCR and HSI design: 

 HSI hardware (consoles, visual display units, workstations, keyboards, mice, trackballs, 
panels, printers, tables, bookcases, etc.) 

 HSI software (non-safety control system, safety control system, alarms, displays, soft 
controls, computerized procedures, local area network displays, etc.) 

 Communications facilities 

 Plant emergency, operations, surveillance, and maintenance procedures 

 Realistic work environment, including the room dimensions and general arrangement 

 Operating crews. 

[ 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
                                                                                            ]a,c 
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1.4 SCOPE OF ISV ISSUES 

WCAP-15860, “Programmatic Level Description of the AP1000 Human Factors Verification and 
Validation Plan” (Reference 3), Section 4.1 lists the issues to be addressed by the ISV implementation 
plan. These issues are listed below and mapped to the sections of the present document that addresses 
them: 

 Objectives – Section 1.1, “Background” 

 Personnel performance issues – Section 4, “Participants” 

 Test methodology and procedures – Section 3, “Test Design” 

 Test participants – Section 4, “Participants” 

 Test conditions (including plant conditions, operating sequences, and accident scenarios) – 
Section 5, “Scenario Set” 

 HSI description – Section 2, “ISV Facility” 

 Performance measures – Section 6, “Data” 

 Data analysis – Section 6, “Data” 

 Acceptance criteria – Section 6, “Data” 

 Processing of results – Section 7, “Processing of Results” 

1.5 LIST OF EXCEPTIONS FROM WCAP-15860 
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SECTION 2  
THE ISV FACILITY 

The ISV will be performed at a dedicated, purpose built facility. The facility will employ a high fidelity, 
near full-scope simulator to represent the AP1000 systems and the MCR. ANSI/ANS-3.5-1998, “Nuclear 
Power Plant Simulators for Use in Operator Training and Examination” (Reference 9),is used as a basis 
for the scope, fidelity, and functionality of the simulator model, and the development of the simulator test 
plan. See Section 2.3, “Simulator Testing,” for information on the simulator testing activities. 

The ISV facility will be provided at the EDS based at the Westinghouse Headquarters Building in 
Cranberry, Pennsylvania, USA. Note, the Training Development Simulator (TDS) may be used for the 
ISV, and the TDS and/or an AP1000 Training Facility at a utilities’ site may be used in addition to or 
instead of the EDS for the Pilot Testing. These facilities are essentially identical to the EDS in that they 
possess the same physical characteristics with respect to the control room layout and dimensions, 
hardware, panels, software, displays, and the same simulator model. The simulator models will be tested 
as described in Section 2.3, “Simulator Testing.” 

2.1 PHYSICAL SCOPE AND FIDELITY 

To the extent practical, the HSI resources provided by the EDS will be identical to those to be delivered 
for the actual AP1000 MCR. These resources will include full hardware representation for the following: 
[ 
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[ 
                                                                                                                                               ]a,c 

2.2 FUNCTIONAL SCOPE AND FIDELITY 

The simulation capability of the EDS will be adequate for the procedures, scenarios, and HSI to be 
exercised in the ISV. Sufficient simulation scope and systems modeling is determined by the scenarios 
selected for ISV (see Section 5). Features of the simulation that are not relevant to ISV may be of lesser 
fidelity or omitted. The development of the required simulator models and software is coordinated with 
the Simulator Design and Development group. Details of the scope of simulation by individual plant 
systems can be found in APP-OCS-GEH-321, Appendix C (Bibliog 1). 

2.3 SIMULATOR TESTING 
 
The EDS and simulator readiness is demonstrated by the following test activities (also see Section 3.3 for 
further information). 
[ 

 
 
 
 
 

 
 
                                                          ]a,c 
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SECTION 3  
TEST DESIGN 

This section addresses the number of individual trials, requirements for trial replications, and their 
assignment to crews. The minimum number of trials is a function of the number of scenarios and the 
number of replications of each scenario. 

3.1 NUMBER OF TRIAL REPLICATIONS 
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                                                                                     ]a,c 

3.2 TRIAL ASSIGNMENTS AND SCHEDULING 
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[ 
 
                                                                     ]a,c 

3.3 PILOT TESTING 
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               ]a,c 

a,c 
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SECTION 4  
PARTICIPANTS 

This section describes the personnel involved in ISV. The ISV participants include the test subjects, 
observers, and the EDS staff. 

4.1 SUBJECTS 

[ 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
                            ]a,c 

4.1.1 Selection 

[ 
                                                                                                                                                                  ]a,c  
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4.1.2 Crew Size and Number 
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[  
                                                                ]a,c 

4.2 OBSERVERS 

The ISV observers will be assigned to evaluate performance and generate results data in each trial. The 
observers will include personnel that are independent from the AP1000 project as well are personnel that 
are familiar with the AP1000 project. This mix of observers will provide project independence, plus also 
allow the observation of human performance behaviors that may only be identified by observers 
possessing a good knowledge and understanding of the plant design and operations. 

These observers will include one of each of the following specialists: 
[ 

 
 
 

 
 
 

 
 
 

 
 
                                                                ]a.c 

4.3 ISV STAFF 

For each trial, the ISV staff will include at least one of each of the following specialists: 
[ 
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SECTION 5  
SCENARIO SET 

A scenario comprises the simulated events, anticipated procedure usage, and added complications. A set 
of scenarios has been developed for ISV. Each scenario will be performed in multiple (i.e., replicate) 
trials. This section describes the selection and development of the representative set of validation 
scenarios for ISV. Full details of the scenarios can be found in APP-OCS-GEH-321 (Bibliog 1), 
Appendix A. 

The ISV scenarios are developed by a multi-disciplinary team. This team includes human factors 
specialists, procedure writers, operator training developers, and personnel from the simulation group. A 
number of the team members possess previous operating experience, thereby also contributing to the 
credibility and realism of the ISV scenarios. 

5.1 SCENARIO REQUIREMENTS 

[ 
 
 

 
 

 
 

 
 

 
 
 
 
 
                                                                              ]a,c 

5.1.1 Events 

[ 
 
 
 
 
 
                                                                                                                                                                   ]a,c  
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[ 
 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
                                          ]a,c 

5.1.2 Procedures 

The procedures to be addressed by ISV are outlined in a number of sections in WCAP-15860, 
“Programmatic Level Description of the AP1000 Human Factors Verification and Validation Plan” 
(Reference 3). 

[ 
 
 
 
 
 
 
                                                                                                                                                                     ]a,c  
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                                                           ]a,c 

5.1.3 Complications 
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Enclosure 6 
NND-13-0127 

Page 41



AP1000 Human Factors Engineering Integrated System Validation Plan 

APP-OCS-GEH-322, Rev. 0 5-5  
  

[ 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 

 
 

 
 

 

 
 

                                                 ]a,c 

Enclosure 6 
NND-13-0127 

Page 42



AP1000 Human Factors Engineering Integrated System Validation Plan 

APP-OCS-GEH-322, Rev. 0 5-6  
  

[ 
 

 

 

 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
 
                                                                                ]a,c 

Enclosure 6 
NND-13-0127 

Page 43



AP1000 Human Factors Engineering Integrated System Validation Plan 

APP-OCS-GEH-322, Rev. 0 5-7  
  

5.2 ISV PROCEDURES 

5.2.1 General Procedure and Documentation 

The ISV procedures for each scenario (i.e., the “scenario package”) will be prepared prior to ISV and 
maintained under the ISV Coordinator’s control in order to prevent the ISV participants from obtaining 
prior knowledge of the scenarios. The scenario packages include the following: 
[ 

 
 

 
 

 

 
 

 
 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
                                                                                                                                                 ]a,c 
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5.2.2 Communications with ISV Personnel 
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                         ]a,c 

5.2.3 Unforeseen Events 
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         ]a,c 
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[ 
 
 
 
 
 
 

 
 
 
 
         ]a,c 

5.2.4 Storage of Data 

The ISV Coordinator will be responsible for the ISV documentation and data. In addition to maintaining 
and controlling the “scenario packages,” the ISV Coordinator will collect the ISV results data and will be 
in charge of ensuring that this data is not “lost.” 

[ 
 
 

 
 
 
 

 
 
 
 
 
                                                                                                                                                             ]a,c 
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SECTION 6  
DATA 

The techniques used to collect the ISV results data are described in this section. This data serves as the 
basis for determining whether the task goals and performance requirements are achieved, per 
WCAP-15860, “Programmatic Level Description of the AP1000 Human Factors Verification and 
Validation Plan” (Reference 3) Section 4.8. 

6.1 MEASURES 

A set of performance measures is identified and selected to collect data on operator performance, as 
follows: 
[ 
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                                                                                     ]a,c 

6.2 METHODS 

Data collection will use a variety of computer-based and paper-and-pencil techniques, structured 
discussions, and digital recording methods, as follows: 
[ 
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6.3 CRITERIA 

This subsection describes how the measurement results are applied to the determination of the success of 
the ISV trials in respect to the pass/fail criteria and the diagnostic criteria. A set of performance measures, 
as described in Section 6.1, will be used which includes measures of the performance of the plant and 
personnel. 

6.3.1 Pass/Fail Criteria 
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[ 
 

 
                            ]a,c 

a,c 
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        ]a,c 

6.3.2 Diagnostic Criteria 
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Table 6.3-2.  Diagnostic Criteria 
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Table 6.3-2.  Diagnostic Criteria (cont.) 
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SECTION 7  
PROCESSING OF RESULTS 

The final results of the ISV trials will be processed to promptly to determine the overall results and 
conclusions, identify HEDs and to assign HED priorities, and to assess the need for added trial 
replications. 

The processing of the results, as described in this section, will be led by a human factors specialist, 
supported by a multi-disciplinary team. This team includes additional human factors specialists, 
procedure writers, operator training developers, and personnel from the simulation group. A number of 
the team members will possess previous plant operating experience. 

7.1 RAW DATA PROCESSING 

[ 
 
 

 
  
                                                                            ]a,c 

7.2 ANALYSIS AND INTERPRETATION 
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Enclosure 6 
NND-13-0127 

Page 57



AP1000 Human Factors Engineering Integrated System Validation Plan 

APP-OCS-GEH-322, Rev. 0 7-2  
  

[ 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
                                                                                                  ]a,c 

7.3 ADDRESSING HEDS AND RE-TEST REQUIREMENTS 
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[ 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
                                                                                                                  ]a,c 

7.4 RESULTS REPORT 

The final ISV report will document the results and detailed findings from the analysis, including any 
HEDs. Any limitations of the ISV plan, implementation, and execution will also be addressed. The basis 
for concluding whether the AP1000 MCR, HSI resources, procedures, and operator training are adequate 
will be described (i.e., that the integrated system performed acceptably during testing and can be expected 
to support safe operation in actual use). 

The final results report will be communicated to the Training Group, Procedures Group, and the 
PRA Group. This will enable the results of ISV to be incorporated into the development/updates of the 
training programs, revisions to procedures, and any updates to the PRA in terms of the assumptions 
claimed on operator performance. 
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APPENDIX A  
POST-TRIAL QUESTIONNAIRE FOR SUBJECTS 

A.1 PROTOCOL 
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[ 
 

                                                                                         ]a,c 

A.2 POST-TRIAL QUESTIONNAIRE FOR SUBJECTS 
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APPENDIX B  
FINAL QUESTIONNAIRE FOR SUBJECTS 

Note, additional line spaces for the participants to provide comments have been removed in this report. 
However, the printed version used in ISV will contain adequate space for the participants to provide 
written comments. 

Name:  ______________________    Position:  __________     Crew:  __________ Date:  __________ 

Circle your level of agreement with the statements below based on your experience in all of the preceding 
trials. 
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APPENDIX C  
POST-TRIAL QUESTIONNAIRE FOR OBSERVERS 

Note, additional line spaces for the participants to provide comments have been removed in this report. 
However, the printed version used in ISV will contain adequate space for the participants to provide 
written comments. 

Name:  _________________________     Scenario:  _______________________ 

Trial:  __________________________     Date:  __________ 

[ 

 

 
          ]a,c 
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Enclosure 6 
NND-13-0127 

Page 92



AP1000 Human Factors Engineering Integrated System Validation Plan 

APP-OCS-GEH-322, Rev. 0 C-5  
  

[ 

 
 
 

 
 

   
 
 
 
 
 

   

 

 

   
 
 
 
 
 
 
 

   

 

 

   
 
 
 
 
 
 

                            ]a,c 
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APPENDIX D  
FINAL QUESTIONNAIRE FOR OBSERVERS 

Note, additional line spaces for the participants to provide comments have been removed in this report. 
However, the printed version used in ISV will contain adequate space for the participants to provide 
written comments. 

Name:  _________________________     Date:  __________ 

Circle your level of agreement with the statements below based on your experience in all of the preceding 
trials. 

[ 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
                                                                                                                                        ]a,c 
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(Last Page of Appendix D) 

Enclosure 6 
NND-13-0127 

Page 109



AP1000 Human Factors Engineering Integrated System Validation Plan 

APP-OCS-GEH-322, Rev. 0 E-1  
  

APPENDIX E  
TRIAL PROTOCOL 

This Appendix provides the protocol and general sequence of events for running the ISV trials. 

PRETRIAL PREPARATIONS 
[ 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                       ]a,c 
 
START TRIAL RUN 
[ 
 
 
 

 
 
                                                                                  ]a,c 
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END TRIAL RUN 
[ 
 
 
 
 
 
 
 
                                                                                                                                                                    ]a,c

 

BREAK 
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APPENDIX F  
DEBRIEFING PROTOCOL 

An informal debriefing of the test participants will be performed after each separate trial run. A formal 
debriefing will be held after each major period (typically one week) of testing. Guidance for the formal 
debriefing process is provided as follows: 

PREPARATION 
[ 

 
 

 

 

 

 

 

                                      ]a,c 

START 
[ 

 
 

 
 

 

 
                           ]a,c 

DISCUSSION 
[ 

 
                                                                              ]a,c 
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[ 
 
 

 
 

 

                                           ]a,c 

CLOSE 

1. Thank participants for their support. 
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