18. Human Factors Engineering AP1000 Design Control Document

TABLE OF CONTENTS

Section Title Page
CHAPTER 18 HUMAN FACTORS ENGINEERING.......cocoitiiiiiiieieteee e 18.1-1
18.1 OVETVIBW ...ttt ettt ettt ettt sttt b e e et et e st e e eb e et e st e ente bt eneeteeneenaenes 18.1-1
I8.1.1  RETEIOINCES. .. .ieeiieiiiiiietiee ettt st 18.1-3
18.2 Human Factors Engineering Program Management..............cceccueeviiieeniieniieeeneeeennnenns 18.2-1
18.2.1  Human Factors Engineering Program Goals, Scope,
Assumptions, and CONSLIAINES.........cccvereveerreerierieerreerieeseeseesreereeseesseenens 18.2-1
18.2.1.1 Human Factors Engineering Program Goals ................c.......... 18.2-1
18.2.1.2  Assumptions and CONSraAINLS ..........ccverevrerreerieerererreesseerseenenens 18.2-1
18.2.1.3  Applicable Facilities..........cccceeeeriririieiiie e 18.2-3
18.2.1.4  Applicable Human System Interfaces ............cccccerevrrcvrerreennnnne 18.2-3
18.2.1.5  Applicable Plant Personnel ...........ccccccoveevciiiiniiencieieiieeienee, 18.2-4
18.2.1.6  Technical Basis ........cccceverieririeiiieieece et 18.2-4
18.2.2  Human System Interface Design Team and Organization .......................... 18.2-4
18.2.2.1  ReSPONSIDIIILY...cccviiiiirieiieiiecieeie ettt 18.2-4
18.2.2.2  Organizational Placement and Authority............ccccceevveerurenne. 18.2-5
18.2.2.3  COMPOSIEION ...eeruerreeiiireiieeriieeiteeeieeeeteeseeeessreesseessnreesneeenns 18.2-5
18.2.2.4  Team Staffing Qualifications .............cceevevireevrenieeecrieeereeenne 18.2-8
18.2.3  Human Factors Engineering Processes and Procedures..............ccceveennnn. 18.2-11
18.2.3.1 General Process and Procedures.........c..ccooceeviiriienieneennne 18.2-11
18.2.3.2  Process Management TOOIS..........c.ccccuevierreirienieeneenre e 18.2-14
18.2.3.3  Integration of Human Factors Engineering and Other
Plant Design ACtIVILICS......ccveereeeriiieeriieeeiieeieesieeeeveesneens 18.2-14
18.2.3.4  Human Factors Engineering Documentation......................... 18.2-15
18.2.3.5  Human Factors Engineering in Subcontractor Efforts........... 18.2-15
18.2.4  Human Factors Engineering Issues Tracking..........cccccoeceeeveeneenieniieninnn. 18.2-16
18.2.5  Human Factors Engineering Technical Program and Milestones ............. 18.2-17
18.2.6  Combined License Information .............ccecvevieniiniiniiieiieienie e 18.2-18
18.2.6.1 = Human Factors Engineering Program ...........c.cceccvvevvveeennnns 18.2-18
18.2.6.2  Emergency Operations Facility ..........cccccevveeriiiriieniienienne, 18.2-18
18.2.7  RETRICICES ...eeuiiiniiiiiiiiieiieeeette ettt 18.2-19
18.3 Operating EXperience REVIEW ..........ccviiiuiiiiiiiiiiii ettt e 18.3-1
18.3.1  Combined License Information .........cc.cceeceevieniiiiiniieniinieneniceeeeeee, 18.3-1
18.3.2  RETEIEINCES ...eouiiiiiiiiieiieiee ettt 18.3-1
18.4 Functional Requirements Analysis and AlTlocation ............ccccevevverienienieecieeieeieenen 18.4-1
18.4.1  Combined License Information ..........c..ccocceeriiiiiiiiiinienienic e 18.4-2
18.4.2  RETETENCES ...eoueieieiiiiieiieieetee ettt 18.4-2
18.5 AP1000 Task Analysis Implementation Plan...........cccccccoeeeviiiiciiiiniiiiiiieieeeeeen 18.5-1
18.5.1  Task ANalySis SCOPE.....cccieriiirirrierieetieteeste e s e ebe e eseesseesereseseenseenseas 18.5-1
18.5.2  Task Analysis Implementation Plan.............cccoceveieeiieniiiiiiicciie e 18.5-2
18.5.2.1  Function-Based Task Analyses ..........cccceeevveriverierrercvrenieennnens 18.5-2
18.5.2.2  OSA- L ettt 18.5-3
18.5.2.3  OSA-2 e 18.5-4
Tier 2 Material i Revision 18



18. Human Factors Engineering

AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
18.5.2.4  Task Analysis of Maintenance, Test, Inspection and
Surveillance Tasks .......cccooeerereerinieiereeeesee e 18.5-4
18.5.3  JOb Design Factors......cccuieiiiiiiiiieciieciieecee ettt ettt s 18.5-4
18.5.4  Combined License Information Item ...........cccecenieieninieninienineeeee, 18.5-4
18.5.4.1 Task Analysis Implementation ...........c.cccceeeevieeiieenieesreeennee. 18.5-4
18.5.4.2  Main Control Room Position Scope and Responsibilities....... 18.5-5
18.5.5  REFEIEINCES ...eeetiiiiiiiieiietee ettt 18.5-5
18.6 ) 510V TSP UPUSRUSRPRRR 18.6-1
18.6.1  Combined License Information Item ...........ccceeiiiiiiiiniiiiiiiieiee, 18.6-1
18.6.2  RETEIENCES ...ovieuiiiieiiieeee e 18.6-1
18.7 Integration of Human Reliability Analysis with Human Factors Engineering ............ 18.7-1
18.7.1  Combined License INformation ............ccoceeeeeririeneneenenieesceeeeecee e 18.7-1
18.7.2  RETEIEICES ....eotiiiieiiieiieee ettt ettt et ettt st as 18.7-2
18.8 Human System Interface DeSi@il .......cccuvieriieiiiiieiiie et 18.8-1
18.8.1  Implementation Plan for the Human System Interface Design ................... 18.8-3
18.8.1.1  Functional Desi@n ...........ceccueereuiieniieriieeriee e 18.8-3
18.8.1.2  Design GUIAENES .......ccveeevuiiieiiieciieciee et 18.8-4
18.8.1.3  Design SpecifiCations.........ccceeeveeervieriiieeriieeiieereeeeieeesvee s 18.8-5
18.8.1.4  Man-in-the-Loop Testing ..........cccceerirrirriireriienieenie e 18.8-6
18.8.1.5  MockUup ACLIVILIES.....ecvevieeeiieeiieeeiee et 18.8-6
18.8.1.6  Human System Interface Design Documentation.................... 18.8-7
18.8.1.7  Task-Related Human System Interface Requirements ............ 18.8-7
18.8.1.8  General Human System Interface Design Feature
SEIECHION.....eiuiieiiiriieeeeteeree et 18.8-8
18.8.1.9  Human System Interface Characteristics: Identification
of High Workload Situations.............cccveveveeenieenieeeniee e 18.8-8
18.8.1.10 Human System Interface Software Design and
Implementation Process ..........ccvevviereiereniiencieenieeeiee e 18.8-9
18.8.2  Safety Parameter Display System (SPDS) ......ccccevviiriiniiiiieiiiecieeee 18.8-10
18.8.2.1 General Safety Parameter Display System Requirements .....18.8-11
18.8.2.2  Display of Safety Parameters............ccceveeveerieriiresieeniennne, 18.8-12
18.8.2.3  Reliability...cccoeeiuieeieiieiieieieeee e 18.8-13
18.8.2.4  ISOlAtiON....eeiiieiieiiieii ettt 18.8-14
18.8.2.5  Human Factors Engineering.........c...cceevevvervenvencreenreenenenens 18.8-14
18.8.2.6  Minimum Information...........cccceveeeriiiiiinienieie e 18.8-14
18.8.2.7  Procedures and Training ...........ccccceevveerieereervencrenreenreerenenens 18.8-15
18.8.3  Operation and Control Centers SYSteM........cc.cccvveeeerirerreeerieerreeeeeesnenn 18.8-15
18.8.3.1  Main Control Room Mission and Major Tasks..................... 18.8-15
18.8.3.2  Main Control Area Mission and Major Tasks....................... 18.8-15
18.8.3.3  Operations Work Area Mission and Major Tasks................. 18.8-17
18.8.3.4  Remote Shutdown Workstation Mission and
MaJOr TaSKS......veeiieiieiieiie e et see e te e eene 18.8-17
18.8.3.5  Technical Support Center Mission and Major Tasks ............ 18.8-17
Tier 2 Material il Revision 18



18. Human Factors Engineering AP1000 Design Control Document

TABLE OF CONTENTS (Cont.)

Section Title Page
18.8.3.6  Operations Support Center Mission and Major Tasks........... 18.8-18
18.8.3.7  Radwaste Control Area Mission and Major Tasks................ 18.8-19
18.8.3.8  Local Control Stations Mission and Major Tasks ................. 18.8-19
18.8.3.9  Emergency Operations Facility ........c...ccoeevvevvervencrercreeieenne, 18.8-19

18.8.4  Human Factors Design for the Non-Human-System Interface
Portion of the Plant..........cccooiiiiiiiiiiiieee e 18.8-19
18.8.4.1 General Plant Layout and Design..........cccceeevieniieecnieenneenns 18.8-19
18.8.5  Combined License Information ............cceccvevevieriienienieencieeieeniesie e eneens 18.8-22
18.8.6  REfEICINCES ....vviiiiiiiiiiicie et e e 18.8-23
18.9 Procedure Development ..........ccueeiiiieiiieiiii et 18.9-1
18.9.1  Combined License INformation ............cccccueeeevieeriieeciireniee e 18.9-1
18.9.2  RETETENCES ...eouieeieiieieeiieeeee ettt ettt 18.9-1
18.10  Training Program Development.............cocuviiiiiiiiiiieiiie et e 18.10-1
18.10.1 Combined License Information ............cccccveveverciienieniieniencieeieeseeseesnens 18.10-1
18.10.2  REfEICINCES ...vviieiiieiii ettt ettt e e 18.10-1
18.11 Human Factors Engineering Verification and Validation ...........ccccccoeevveviieeneennen. 18.11-1
18.11.1 Combined License Information ............ccccceeveriieviieiciieeniieeiie e 18.11-1
I18.11.2  RETEIENCES ...eouiiiiiiiiiiiiniieiie ettt ettt 18.11-1
T8.12  IMIVEILOTY cetiieieiiiie ettt ettt e e et e e et e e e et eeeensbbeeeensaeeeensseeeennnseeens 18.12-1
18.12.1 Inventory of Displays, Alarms, and Controls............c.ceccveveerverreerreenennn. 18.12-1

18.12.2 Minimum Inventory of Main Control Room Fixed Displays,

Alarms, and CONLTOIS .....eeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 18.12-1
18.12.3 Remote Shutdown Workstation Displays, Alarms, and Controls.............. 18.12-7
18.12.4 Combined License Information ..........cccccceeeevierciieecieencie e esiee e 18.12-8
18.12.5  REfEICINCES ...evviieiiieiieece et et 18.12-8
18.13  Design IMplementation ...........cceecuieeiuieeniieeiieesieeereeeeieeeieeeereeseeeesseeeeaeeeeseeeneeeas 18.13-1
18.13.1  REfEICNCES ...evviiiiiieiieecee e ettt e 18.13-1
18.14  Human Performance MONItOTING..........cecveeriuirerieeriieenieeeiieesireeeieeesaeeeeeeessseesnenens 18.14-1
I18.14.1  REIEICNCES ...oeiiviiiieiiieiieectee ettt ettt et e e e e e ebeeeaae s 18.14-1
Tier 2 Material il Revision 18



18. Human Factors Engineering AP1000 Design Control Document

LIST OF TABLES
Table No. Title Page
18.8-1 Human Performance Issues to be Addressed by the HSI Design
ISSUES (SHEELS 1 — 2) it ettt eans 18.8-27
18.12.2-1 Minimum Inventory of Fixed Position Controls, Displays,
and ALerts (SHEetsS 1 — 2) couviiiiiiciieeee e et 18.12-9

Tier 2 Material v Revision 18



18. Human Factors Engineering AP1000 Design Control Document

LIST OF FIGURES
Figure No. Title Page
18.1-1 Human Factors Engineering (HFE) Design and Implementation Process................... 18.1-5
18.2-1 Human System Interface (HSI) Design Team Process ........ccccevevvveveecieerieereenvennenns 18.2-20
18.2-2 Human System Interface (HSI) Design Team Organization and Relationship
t0 AP1000 OrganizZation...........c.eeevverueerierierrerereesseesseesaessesseesseesseessessssssssesssessseens 18.2-21
18.2-3 Overview of the AP1000 Human Factors Engineering Process ..........cccccccveevevveenneen. 18.2-23
18.5-1 Top Four Levels of the Normal Power Operation for a Westinghouse PWR............... 18.5-7
18.5-2 Task Analysis Utilized as Design INPuUt.........cccceoeveieiiiiicieeiiicciee e 18.5-9
18.8-1 Soft Control INtEraCtIONS ......eevveruieiieiieietieie ettt et 18.8-29
18.8-2 Mapping of Human System Interface Resources to Operator
Decision-Making MOdel...........c.cccveeiierieniiiieiie sttt ere e sreesrneseseesneens 18.8-30
| 18.11-1 AP1000 HFE Verification and Validation .............cccceeerieierinieniesceiee e 18.11-3
Tier 2 Material \% Revision 18



	Tier 2 Master TOC

