EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

CHAPTER 10—STEAM AND POWER
CONVERSION SYSTEM
TABLE OF CONTENTS

10.0 STEAM AND POWER CONVERSION SYSTEM......oovvviiiiiiiieeeeiiiiiieeeees 10.1-1
10.1  Summary DescCriplion ..........oooiiiiiiiiee s 10.1-1
10.1.1 General DescCription............uciiiiiiiiiiieeeeeiecee e 10.1-2
10.1.2 Protective Features ... 10.1-2
10.1.2.1 Loss of External Electrical Load and/or Turbine Trip ........
10.1-2
10.1.2.2 Overpressure Protection ..........ccccceeivieeiiiiiiiieiiieennns 10.1-3
10.1.2.3 Loss of Main Feedwater Flow .............ccccvvviiiveennnen. 10.1-3
10.1.2.4 Turbine Overspeed Protection .................cceeeeeeee. 10.1-3
10.1.2.5 Turbine Missile Protection...........cccccceeviiiiiiiiininnnns 10.1-3
10.1.2.6 Radioactivity Protection...........cccccceeeviiiiiiiiiiiiiniiiinns 10.1-4
10.1.2.7 Flow-Accelerated Corrosion Protection................... 10.1-4
T0. 1.3 REFEIENCES ... 10.1-4
10.2  TUurbine-GeNErator........ccoooeeiiii i 10.2-1
10.2.1 DeSIgN BASES .....ccceiiiieeeeeee et 10.2-1
10.2.2 General DescCription............uiieiiiiiiiiee e 10.2-2
10.2.2.1 Component Description...........ccoeveeeeiiiiiiiieiieeeeenn. 10.2-2
10.2.2.2 TG Foundation ..........ccooeveeeeiiiiiiieieceeeeee 10.2-7
10.2.2.3 Cycle Description ... 10.2-8
10.2.2.4 Excitation System...........cooovriiiiiiiiiii e 10.2-9
10.2.2.5 TG Control System..........ooovvviiiiiiiiiiiieeeeeeeeeeeeeeeee, 10.2-9
10.2.2.6 Speed Control .........cccoeeeviiiiiiiiiiiccee e, 10.2-11
10.2.2.7 Load CoNntrol.........ccuuviiiiiiieiiiiiieeeeeeceeeee 10.2-11
10.2.2.8 Valve Control.........ccouvveiiiieeeiiiiieeeeeeceeeeee 10.2-11
10.2.2.9 Overspeed Protection............cooovvviiiiiiiiiiiiiineeee, 10.2-12
10.2.2.10 Turbine Supervisory Instrumentation .................... 10.2-16
10.2.2.11 Other Protective Systems............ccccciiiiiiiiiiiiinene. 10.2-16
10.2.2.12 Turbine Inservice Inspection and Testing.............. 10.2-17
Tier 2 Revision 4 Page 10-i



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

10.3

10.4

10.2.3 Turbine Rotor Integrity ... 10.2-18
10.2.3.1 Materials Selection.............coovviiiiiiiiiiiiiee e, 10.2-18
10.2.3.2 Fracture Toughness ............ooovvvviiiiiiciiiiieiiceeeeee, 10.2-19
10.2.3.3 High Temperature Properties..........cccceeeeeeeeeeeeen... 10.2-20
10.2.3.4 Turbine Rotor Design ..o 10.2-20

10.2.3.5 Turbine Rotor Preservice Inspections and Testing 10.2-21
10.2.3.6 Turbine Rotor Inservice Inspection Program Plan. 10.2-22

10.2.4 Safety Evaluation.............ceeeeeiiiiiiieeeee 10.2-23
T10.2.5 REFEIENCES ... 10.2-24
Main Steam Supply SyStem ..o 10.3-1
10.3.1 DeSigN BasES .....ccovvuiiiiiiieiie e 10.3-1
10.3.2 System Description............ouuuiiiiiiiee e 10.3-2
10.3.2.1 General Description..............oovviiiiiiiiieeeeeeeeeeeeeeeeeas 10.3-2
10.3.2.2 Component Description............ccceeeeiiiieieiiiiiiieiiiiens 10.3-3
10.3.2.3 System Operation...........cccccoeviiiiiiiiiiiiieeeee 10.3-7
10.3.3 Safety Evaluation.................uueiiiiiiiiiie e 10.3-9
10.3.4 Inspection and Testing Requirements.............ccccccceevveeeennnn. 10.3-12
10.3.5 Secondary Side Water Chemistry Program........................... 10.3-13
10.3.5.1 Chemistry Control Basis...........ccccccccveiiieeeiiieennnn. 10.3-13
10.3.5.2 Chemistry Control Program.............cccccccvvviiiinnnnn. 10.3-14
10.3.5.3 Contaminant INgress ..., 10.3-16
10.3.5.4 Condensate Polishing ...........cooovviiiiiiiiii, 10.3-17
10.3.5.5 Primary to Secondary Leakage..............cccevvveeeen. 10.3-17
10.3.5.6 Chemical Addition System ..............ccccciiiiiiiiinnnn. 10.3-18
10.3.6 Steam and Feedwater System Materials.............ccccccooeoeee. 10.3-18
10.3.6.1 Material Selection and Fabrication......................... 10.3-18
10.3.6.2 Fracture Toughness ............ccoooiiiiiiiiiiiiiiiiieee 10.3-19
10.3.6.3 Flow-Accelerated Corrosion...........ccccceeeeeeeeeeennnn.. 10.3-19
10.3.7 REfEreNCES ... 10.3-20
Other Features of Steam and Power Conversion System ................. 10.4-1
10.4.1 Main CONAENSENS ....coeeeeiiiiiiiiieeee e 10.4-1
10.4.1.1 Design Basis .......ccoevviiiiiiiiiiiiiiiieee 10.4-1
10.4.1.2 System Description ...........oovvviiiiiiiiiiiieeeeeeeeeeeee, 10.4-1

Tier 2

Revision 4 Page 10-ii



U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR

10.4.1.3 Safety Evaluation ............cccccooriiiiiiiiiieee 10.4-3
10.4.1.4 Inspection and Testing Requirements..................... 10.4-4
10.4.1.5 Instrumentation Requirements.............cccccceeeeeeenn. 10.4-4
10.4.2 Main Condenser Evacuation System .............ccccccceiciiiiieeeeeennn. 10.4-6
10.4.2.1 DesSign Basis .......ccoevviiiiiiiiiiiiiieee 10.4-6
10.4.2.2 System Description ...........ooovviiiiiiiiiiieiiieeeeieeeeeee, 10.4-6
10.4.2.3 System Operation..........cccccoeviiiiiiiiiiiiiiieeee 10.4-8
10.4.2.4 Safety Evaluation .............ccccoiiiiiiiiiiieee 10.4-8
10.4.2.5 Inspection and Testing Requirements..................... 10.4-9
10.4.2.6 Instrumentation Requirements .......................ooo.. 10.4-10
10.4.2.7 ReferenCesS ......uceiiieeeiii e 10.4-10
10.4.3 Turbine Gland Sealing System............cccoovviiiiiiiciiieeeeeee, 10.4-13
10.4.3.1 Design BasesS ..........oiiiiiiiiiiiiieeeeiiei e 10.4-13
10.4.3.2 System Description ... 10.4-13
10.4.3.3 Safety Evaluation ............cccccoiiiiiiiiiiiiee 10.4-15
10.4.3.4 Inspection and Testing Requirements................... 10.4-15
10.4.3.5 Instrumentation Requirements ... 10.4-15
10.4.4 Turbine Bypass System..........cciiiiiiiiiiie 10.4-17
10.4.4.1 DesSign Bases .......cccovvviiiiiiiiiiiiiiieeee 10.4-17
10.4.4.2 System Description ...........oooovviiiiiiiiiiieeieeeeee, 10.4-17
10.4.4.3 Safety Evaluation ............ccccooiiiiiiiiiiieee 10.4-19
10.4.4.4 |Inspection and Testing Requirements................... 10.4-20
10.4.4.5 Instrumentation Requirements..............ccccceeeeeeees 10.4-20
10.4.4.6 References.......cccoieiiiiiiiiiii e, 10.4-20
10.4.5 Circulating Water System ... e, 10.4-21
10.4.5.1 DesSign Bases ........ccvvvviiiiiiiiiiiiiiiiee 10.4-21
10.4.5.2 System Description ...........cooovviimiiiiiiiieeeeeeeee 10.4-21
10.4.5.3 Safety Evaluation .............cccooiiiiiiiiiiie 10.4-25
10.4.5.4 Inspection and Testing Requirements................... 10.4-25
10.4.5.5 Instrumentation Requirements ..............ccccoeeeeees 10.4-25
10.4.5.6 ReferencCes......ccccoovviiiiiiieiieeieeee e 10.4-25
10.4.6 Condensate Polishing System............ccooviiiiiiiciiiieeeee, 10.4-28
10.4.6.1 DesSign Bases .......cccevvvviiiiiiiiiiiiiiieeceeee 10.4-28

Tier 2 Revision 4 Page 10-iii



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

10.4.6.2 System Description ..o 10.4-28
10.4.6.3 System Operation...........cccoovvrviiiiiiiiiiiiiiee e, 10.4-29
10.4.6.4 Safety Evaluation ............ccccoooiiiiiiiiiieee 10.4-30
10.4.6.5 Inspection and Testing Requirements................... 10.4-30
10.4.6.6 Instrumentation Requirements .............ccccceeeeeeee. 10.4-30
10.4.6.7 ReferenCes......cccooiieiiiie i 10.4-30
10.4.7 Condensate and Feedwater System ...............ccccciviiiiiinneen. 10.4-32
10.4.7.1 DesSign Bases .......cccovvvviiiiiiiiiiiiiiieee 10.4-32
10.4.7.2 System Description ............ooovvrimiiiiiiieeeeeeeee 10.4-33
10.4.7.3 Safety Evaluation ............cccccoiniiiiiiiiiee 10.4-43
10.4.7.4 Inspection and Testing Requirements................... 10.4-47
10.4.7.5 Instrumentation Requirements...............ccccoeeeeeees 10.4-47
10.4.7.6 ReferenCes......ccccoiieiiiiiiieiieee e 10.4-48
10.4.8 Steam Generator Blowdown System (PWR)...........ccvuvveeeeee. 10.4-56
10.4.8.1 DeSign BaseS ....cccceeeiiiiiiiiieeieeeeeee e 10.4-56
10.4.8.2 System Description ............coooviiiiiiiiiiiiiiiiiiiieee 10.4-56
10.4.8.3 System Operation...........ccoovviiiiiiiiiiiiiiiii e 10.4-61
10.4.8.4 Safety Evaluation ...........ccoovrreiiiiiiiciiieeeeeee, 10.4-63
10.4.8.5 Inspection and Testing Requirements................... 10.4-64
10.4.8.6 Instrumentation Requirements ... 10.4-64
10.4.8.7 ReferenCes.....ccccoeivieiiiiiiiieieeeeee e 10.4-65
10.4.9 Emergency Feedwater System .............coooviviiiiiieiieeeeee, 10.4-73
10.4.9.1 DesSign Bases .....cccooviiiiiiiiiiiiieeee e 10.4-73
10.4.9.2 System Description .........coovviiiiiiiiiiiie e 10.4-74
10.4.9.3 Safety Evaluation ...........ccoovvieiiiiiicicce e, 10.4-81
10.4.9.4 Inspection and Testing Requirements................... 10.4-85
10.4.9.5 Instrumentation Requirements ... 10.4-86
10.4.9.6 ReferenCes.....ccccceiiieiiiiiiiieeeeee e 10.4-87

Tier 2

Revision 4 Page 10-iv



	Chapter 10— Steam and Power Conversion System Table of Contents



