
U.S. EPR FINAL SAFETY ANALYSIS REPORT
FINAL SAFETY ANALYSIS REPORT
TABLE OF CONTENTS

TIER 1

1.0 INTRODUCTION ............................................................................................ 1.1-1

1.1 Definitions............................................................................................. 1.1-1

1.2 General Provisions ............................................................................... 1.2-1

1.2.1 Design Descriptions ............................................................... 1.2-1
1.2.2 Implementation of ITAAC ....................................................... 1.2-2
1.2.3 Discussion of Matters Related to Operations ........................ 1.2-2
1.2.4 Interpretation of Figures ......................................................... 1.2-3
1.2.5 Rated Reactor Core Thermal Power ...................................... 1.2-3

1.3 Legend for Figures and Acronyms and Abbreviations ......................... 1.3-1

2.0 SYSTEM BASED DESIGN DESCRIPTION OF ITAAC ................................. 2.1-1

2.1 Structures............................................................................................. 2.1-1

2.1.1 Nuclear Island ........................................................................ 2.1-1
2.1.2 Emergency Power Generating Buildings.............................. 2.1-66
2.1.3 Nuclear Auxiliary Building .................................................... 2.1-74
2.1.4 Radioactive Waste Processing Building............................... 2.1-77
2.1.5 Essential Service Water Building ......................................... 2.1-80

2.2 Nuclear Island Systems........................................................................ 2.2-1

2.2.1 Reactor Coolant System ........................................................ 2.2-1
2.2.2 In-Containment Refueling Water Storage Tank System ...... 2.2-45
  Revision  7  Page 1 

2.2.3 Safety Injection System and Residual Heat Removal 
System ................................................................................ 2.2-64

2.2.4 Emergency Feedwater System ......................................... 2.2-100
2.2.5 Fuel Pool Cooling and Purification System ........................ 2.2-120
2.2.6 Chemical and Volume Control System............................... 2.2-136
2.2.7 Extra Borating System ...................................................... 2.2-154
2.2.8 Fuel Handling System ........................................................ 2.2-169
2.2.9 Reactor Boron and Makeup Water System........................ 2.2-177
2.2.10 Coolant Supply and Storage System ................................. 2.2-178
2.2.11 Coolant Degasification System .......................................... 2.2-179



U.S. EPR FINAL SAFETY ANALYSIS REPORT
2.2.12 Coolant Purification System ............................................... 2.2-180
2.2.13 Coolant Treatment System ................................................ 2.2-181

2.3 Severe Accident Systems .................................................................... 2.3-1

2.3.1 Combustible Gas Control System .......................................... 2.3-1
2.3.2 Core Melt Stabilization System ............................................ 2.3-13
2.3.3 Severe Accident Heat Removal System .............................. 2.3-15
2.3.4 Severe Accident Sampling System ...................................... 2.3-26

2.4 Instrumentation and Control Systems .................................................. 2.4-1

2.4.1 Protection System .................................................................. 2.4-1
2.4.2 Safety Information and Control System ............................... 2.4-29
2.4.3 Deleted. ................................................................................ 2.4-41
2.4.4 Safety Automation System................................................... 2.4-42
2.4.5 Priority and Actuator Control System ................................... 2.4-68
2.4.6 Plant Fire Alarm System ...................................................... 2.4-84
2.4.7 Seismic Monitoring System.................................................. 2.4-87
2.4.8 Leakage Detection System .................................................. 2.4-91
2.4.9 Process Automation System ................................................ 2.4-93
2.4.10 Process Information and Control System............................. 2.4-97
2.4.11 Boron Concentration Measurement System ...................... 2.4-103
2.4.12 Vibration Monitoring System .............................................. 2.4-112
2.4.13 Control Rod Drive Control System ..................................... 2.4-113
2.4.14 Hydrogen Monitoring System............................................. 2.4-123
2.4.15 Reactor Control, Surveillance, and Limitation System ....... 2.4-130
2.4.16 Reactor Pressure Vessel Level Measurement System...... 2.4-131
2.4.17 Excore Instrumentation System ......................................... 2.4-132
2.4.18 Fatigue Monitoring System ................................................ 2.4-141
  Revision  7  Page 2 

2.4.19 Incore Instrumentation System .......................................... 2.4-142
2.4.20 Loose Parts Monitoring System ......................................... 2.4-153
2.4.21 Deleted. .............................................................................. 2.4-154
2.4.22 Radiation Monitoring System ............................................. 2.4-155
2.4.23 Turbine-Generator I&C....................................................... 2.4-166
2.4.24 Diverse Actuation System .................................................. 2.4-167
2.4.25 Signal Conditioning and Distribution System ..................... 2.4-175
2.4.26 Rod Position Measurement System .................................. 2.4-197

2.5 Electrical Power.................................................................................... 2.5-1

2.5.1 Class 1E Emergency Power Supply System ......................... 2.5-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
2.5.2 Class 1E Uninterruptible Power Supply ............................... 2.5-21
2.5.3 Station Blackout Alternate AC Source ................................. 2.5-38
2.5.4 Emergency Diesel Generator .............................................. 2.5-44
2.5.5 Preferred (Offsite) Power Supply System ............................ 2.5-98
2.5.6 Power Transmission (Main Generator) System ................. 2.5-102
2.5.7 Non-Class 1E Uninterruptible Power Supply...................... 2.5-104
2.5.8 Lightning Protection and Grounding System...................... 2.5-110
2.5.9 Lighting System.................................................................. 2.5-113
2.5.10 Normal Power Supply System............................................ 2.5-116
2.5.11 12-Hour Uninterruptible Power Supply System ................. 2.5-121
2.5.12 Communication System ..................................................... 2.5-124

2.6 HVAC Systems..................................................................................... 2.6-1

2.6.1 Main Control Room Air Conditioning System......................... 2.6-1
2.6.2 Access Building Ventilation System ..................................... 2.6-25
2.6.3 Annulus Ventilation System ................................................. 2.6-26
2.6.4 Fuel Building Ventilation System.......................................... 2.6-41
2.6.5 Nuclear Auxiliary Building Ventilation System (NABVS) ...... 2.6-58
2.6.6 Safeguard Building Controlled-Area Ventilation System...... 2.6-65
2.6.7 Electrical Division of Safeguard Building Ventilation 

System ................................................................................. 2.6-89
2.6.8 Containment Building Ventilation System .......................... 2.6-116
2.6.9 Emergency Power Generating Building Ventilation 

System ............................................................................... 2.6-135
2.6.10 Radioactive Waste Processing Building Ventilation 

System ............................................................................... 2.6-153
2.6.11 Smoke Confinement System.............................................. 2.6-156
2.6.12 Main Steam and Feedwater Valve Room Ventilation 
  Revision  7  Page 3 

System ............................................................................... 2.6-157
2.6.13 Essential Service Water Pump Building Ventilation 

System ............................................................................... 2.6-158
2.6.14 Station Blackout Room Ventilation System........................ 2.6-167
2.6.15 Turbine Island Ventilation Systems.................................... 2.6-168

2.7 Support Systems.................................................................................. 2.7-1

2.7.1 Component Cooling Water System........................................ 2.7-1
2.7.2 Safety Chilled Water System ............................................... 2.7-41
2.7.3 Sprinkler System .................................................................. 2.7-67
2.7.4 Seal Water Supply System .................................................. 2.7-68



U.S. EPR FINAL SAFETY ANALYSIS REPORT
2.7.5 Fire Water Distribution System............................................. 2.7-69
2.7.6 Gaseous Fire Extinguishing System .................................... 2.7-75
2.7.7 Leak-off System ................................................................... 2.7-77
2.7.8 Spray Deluge System ......................................................... 2.7-78
2.7.9 Demineralized Water Distribution System............................ 2.7-79
2.7.10 Potable and Sanitary System............................................... 2.7-80
2.7.11 Essential Service Water System .......................................... 2.7-81
2.7.12 Compressed Air System .................................................... 2.7-116
2.7.13 Turbine Building Closed Cooling Water System ................ 2.7-117

2.8 Steam and Power Conversion Systems............................................... 2.8-1

2.8.1 Turbine-Generator System..................................................... 2.8-1
2.8.2 Main Steam System ............................................................... 2.8-9
2.8.3 Turbine Seal System............................................................ 2.8-28
2.8.4 Deleted. ................................................................................ 2.8-29
2.8.5 Condensate System............................................................. 2.8-30
2.8.6 Main Feedwater System ...................................................... 2.8-31
2.8.7 Steam Generator Blowdown System ................................... 2.8-45
2.8.8 Steam Generator Blowdown Demineralizer System ............ 2.8-62
2.8.9 Secondary Sampling System ............................................... 2.8-63
2.8.10 Main Condenser Evacuation ................................................ 2.8-64
2.8.11 Circulating Water Supply System (Inside the Turbine 

Building) ............................................................................... 2.8-65
2.9 Radioactive Waste Management ......................................................... 2.9-1

2.9.1 Liquid Waste Management System ....................................... 2.9-1
2.9.2 Solid Waste Management System ......................................... 2.9-7
2.9.3 Gaseous Waste Processing System.................................... 2.9-10
2.9.4 Sampling Activity Monitoring System ................................... 2.9-17
  Revision  7  Page 4 

2.9.5 Nuclear Island Drain and Vent System ................................ 2.9-24
2.9.6 Nuclear Sampling System.................................................... 2.9-29

2.10 Other Systems.................................................................................... 2.10-1

2.10.1 Cranes.................................................................................. 2.10-1

3.0 NONSYSTEM BASED DESIGN DESCRIPTIONS AND ITAAC .................... 3.1-1

3.1 Security ................................................................................................ 3.1-1

3.1.1 Design Features..................................................................... 3.1-1
3.1.2 Interface Requirements.......................................................... 3.1-2



U.S. EPR FINAL SAFETY ANALYSIS REPORT
3.1.3 Inspections, Tests, Analyses, and Acceptance Criteria ......... 3.1-3
3.2 Reliability Assurance Program ............................................................. 3.2-1

3.3 Initial Test Program .............................................................................. 3.3-1

3.3.1 Design Description ................................................................. 3.3-1
3.4 Human Factors Engineering................................................................. 3.4-1

3.5 Containment Isolation........................................................................... 3.5-1

3.6 Plant Cabling ....................................................................................... 3.6-1

3.7 Post-Accident Monitoring Instrumentation............................................ 3.7-1

3.8 Pipe Break Hazards Analysis ............................................................... 3.8-1

3.9 Seismic SSC Interaction....................................................................... 3.9-1

4.0 INTERFACE REQUIREMENTS ..................................................................... 4.0-1

4.1 Site Specific Structures ........................................................................ 4.1-1

4.2 Fire Protection Storage Tanks and Building......................................... 4.2-1

4.3 Switchgear Building.............................................................................. 4.3-1

4.4 Turbine Building ................................................................................... 4.4-1

4.5 Deleted. ................................................................................................ 4.5-1

4.6 Buried Conduit and Duct Banks, and Pipe and Pipe Ducts.................. 4.6-1

4.7 Essential Service Water System and Ultimate Heat Sink .................... 4.7-1

4.8 Fire Water Distribution System ............................................................ 4.8-1

4.9 Security ................................................................................................ 4.9-1

4.10 Offsite Power System......................................................................... 4.10-1

4.11 Power Transmission (Main Generator, Main Transformer, 
Protection & Synchronization) ............................................................ 4.11-1

4.12 Access Building.................................................................................. 4.12-1
  Revision  7  Page 5 

5.0 SITE PARAMETERS ..................................................................................... 5.0-1

TIER 2

1.0 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT ............. 1.1-1

1.1 Introduction........................................................................................... 1.1-1

1.1.1 Plant Location ........................................................................ 1.1-1
1.1.2 Containment Type.................................................................. 1.1-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
1.1.3 Reactor Type.......................................................................... 1.1-1
1.1.4 Power Output ......................................................................... 1.1-1
1.1.5 Schedule ................................................................................ 1.1-1
1.1.6 Format and Content ............................................................... 1.1-2

1.2 General Plant Description .................................................................... 1.2-1

1.2.1 Principal Design Criteria, Operating Characteristics, and 
Safety Considerations ............................................................ 1.2-1

1.2.2 Site Description ...................................................................... 1.2-3
1.2.3 Plant Description .................................................................... 1.2-4

1.3 Comparisons with Similar Facility Designs........................................... 1.3-1

1.4 Identification of Agents and Contractors .............................................. 1.4-1

1.4.1 Applicant – Program Manager ............................................... 1.4-1
1.4.2 Other Contractors and Participants ........................................ 1.4-1

1.5 Requirements for Further Technical Information.................................. 1.5-1

1.6 Material Referenced............................................................................. 1.6-1

1.7 Drawings and Other Detailed Information ............................................ 1.7-1

1.7.1 Electrical and Instrumentation and Control Drawings ............ 1.7-1
1.7.2 Piping and Instrumentation Diagrams .................................... 1.7-1

1.8 Interfaces with Standard Designs and Early Site Permits .................... 1.8-1

1.8.1 COL Information Items ........................................................... 1.8-3
1.8.2 Departures ............................................................................. 1.8-3

1.9 Conformance with Regulatory Criteria ................................................. 1.9-1

1.9.1 Conformance with Regulatory Guides.................................... 1.9-1
1.9.2 Conformance with the Standard Review Plan........................ 1.9-2
1.9.3 Generic Issues ....................................................................... 1.9-2
1.9.4 Operational Experience (Generic Communications) .............. 1.9-3
  Revision  7  Page 6 

1.9.5 Advanced and Evolutionary Light-Water Reactor Design 
Issues..................................................................................... 1.9-4

1.9.6 References............................................................................. 1.9-4

2.0 SITE CHARACTERISTICS ............................................................................. 2.1-1

2.1 Geography and Demography............................................................... 2.1-1

2.1.1 Site Location and Description ................................................ 2.1-1
2.1.2 Exclusion Area Authority and Control .................................... 2.1-1
2.1.3 Population Distribution ........................................................... 2.1-2



U.S. EPR FINAL SAFETY ANALYSIS REPORT
2.2 Nearby Industrial, Transportation, and Military Facilities...................... 2.2-1

2.2.1 Location and Routes .............................................................. 2.2-1
2.2.2 Descriptions ........................................................................... 2.2-1
2.2.3 Evaluation of Potential Accidents ........................................... 2.2-1
2.2.4 References............................................................................. 2.2-1

2.3 Meteorology.......................................................................................... 2.3-1

2.3.1 Regional Climatology ............................................................. 2.3-1
2.3.2 Local Meteorology.................................................................. 2.3-2
2.3.3 Onsite Meteorological Measurement Program....................... 2.3-2
2.3.4 Short-Term Atmospheric Dispersion Estimates for 

Accident Releases ................................................................. 2.3-3
2.3.5 Long-Term Atmospheric Dispersion Estimates for 

Routine Releases................................................................... 2.3-4
2.3.6 References............................................................................. 2.3-4

2.4 Hydrologic Engineering ........................................................................ 2.4-1

2.4.1 Hydrologic Description ........................................................... 2.4-1
2.4.2 Floods .................................................................................... 2.4-1
2.4.3 Probable Maximum Flood (PMF) on Streams and 

Rivers ..................................................................................... 2.4-1
2.4.4 Potential Dam Failures........................................................... 2.4-1
2.4.5 Probable Maximum Surge and Seiche Flooding.................... 2.4-1
2.4.6 Probable Maximum Tsunami Flooding................................... 2.4-2
2.4.7 Ice Effects .............................................................................. 2.4-2
2.4.8 Cooling Water Canals and Reservoirs ................................... 2.4-2
2.4.9 Channel Diversions ................................................................ 2.4-2
2.4.10 Flooding Protection Requirements......................................... 2.4-3
2.4.11 Low Water Considerations ..................................................... 2.4-3
  Revision  7  Page 7 

2.4.12 Groundwater .......................................................................... 2.4-3
2.4.13 Pathways of Liquid Effluents in Ground and Surface 

Waters.................................................................................... 2.4-3
2.4.14 Technical Specification and Emergency Operation 

Requirements......................................................................... 2.4-3
2.5 Geology, Seismology, and Geotechnical Engineering ......................... 2.5-1

2.5.1 Basic Geologic and Seismic Information................................ 2.5-1
2.5.2 Vibratory Ground Motion ........................................................ 2.5-1
2.5.3 Surface Deformation .............................................................. 2.5-5
2.5.4 Stability of Subsurface Materials and Foundations ................ 2.5-5



U.S. EPR FINAL SAFETY ANALYSIS REPORT
2.5.5 Stability of Slopes................................................................. 2.5-13
2.5.6 References........................................................................... 2.5-13

3.0 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT AND 
SYSTEMS....................................................................................................... 3.1-1

3.1 Compliance with Nuclear Regulatory Commission General 
Design Criteria...................................................................................... 3.1-1

3.1.1 Overall Requirements ............................................................ 3.1-1
3.1.2 Protection by Multiple Fission Product Barriers...................... 3.1-4
3.1.3 Protection and Reactivity Control Systems .......................... 3.1-12
3.1.4 Fluid Systems....................................................................... 3.1-19
3.1.5 Reactor Containment ........................................................... 3.1-29
3.1.6 Fuel and Reactivity Control .................................................. 3.1-34
3.1.7 References........................................................................... 3.1-37

3.2 Classification of Structures, Systems, and Components...................... 3.2-1

3.2.1 Seismic Classification ............................................................ 3.2-2
3.2.2 System Quality Group Classification...................................... 3.2-6
3.2.3 References......................................................................... 3.2-213

3.3 Wind, Hurricane and Tornado Loadings............................................... 3.3-1

3.3.1 Wind Loadings ....................................................................... 3.3-1
3.3.2 Extreme Wind Loads (Hurricanes and Tornadoes) ................ 3.3-2
3.3.3 References............................................................................. 3.3-5

3.4 Water Level (Flood) Design.................................................................. 3.4-1

3.4.1 Internal Flood Protection ........................................................ 3.4-1
3.4.2 External Flood Protection....................................................... 3.4-3
3.4.3 Analysis of Flooding Events ................................................... 3.4-4
3.4.4 Analysis Procedures ............................................................ 3.4-17
  Revision  7  Page 8 

3.4.5 References........................................................................... 3.4-17
3.5 Missile Protection ................................................................................. 3.5-1

3.5.1 Missile Selection and Description........................................... 3.5-2
3.5.2 Structures, Systems, and Components to be 

Protected from Externally Generated Missiles ..................... 3.5-11
3.5.3 Barrier Design Procedures................................................... 3.5-12
3.5.4 References........................................................................... 3.5-18

3.6 Protection Against Dynamic Effects Associated with Postulated 
Rupture of Piping.................................................................................. 3.6-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
3.6.1 Plant Design for Protection Against Postulated Piping 
Failures in Fluid Systems Outside of Containment ................ 3.6-1

3.6.2 Determination of Rupture Locations and Dynamic 
Effects Associated with the Postulated Rupture of 
Piping ................................................................................... 3.6-22

3.6.3 Leak-Before-Break Evaluation Procedures.......................... 3.6-43
3.7 Seismic Design..................................................................................... 3.7-1

3.7.1 Seismic Design Parameters................................................... 3.7-3
3.7.2 Seismic System Analysis ..................................................... 3.7-88
3.7.3 Seismic Subsystem Analysis.............................................. 3.7-315
3.7.4 Seismic Instrumentation..................................................... 3.7-337

3.8 Design of Category I Structures ........................................................... 3.8-1

3.8.1 Concrete Containment ........................................................... 3.8-2
3.8.2 Steel Containment................................................................ 3.8-37
3.8.3 Concrete and Steel Internal Structures of Concrete 

Containment......................................................................... 3.8-54
3.8.4 Other Seismic Category I Structures.................................... 3.8-89
3.8.5 Foundations ....................................................................... 3.8-127
3.8.6 References......................................................................... 3.8-149

3.9 Mechanical Systems and Components ................................................ 3.9-1

3.9.1 Special Topics for Mechanical Components .......................... 3.9-1
3.9.2 Dynamic Testing and Analysis of Systems, 

Components, and Equipment............................................... 3.9-22
3.9.3 ASME Code Class 1, 2, and 3 Components, 

Component Supports, and Core Support Structures............ 3.9-37
3.9.4 Control Rod Drive System.................................................... 3.9-61
3.9.5 Reactor Pressure Vessel Internals....................................... 3.9-71
3.9.6 Functional Design, Qualification, and Inservice Testing 
  Revision  7  Page 9 

Programs for Pumps, Valves, and Dynamic Restraints ....... 3.9-92
3.10 Seismic and Dynamic Qualification of Mechanical and 

Electrical Equipment........................................................................... 3.10-1

3.10.1 Seismic Qualification Criteria ............................................... 3.10-4
3.10.2 Methods and Procedures for Qualifying Mechanical, 

Electrical and I&C Equipment .............................................. 3.10-6
3.10.3 Methods and Procedures for Qualifying Supports of 

Mechanical and Electrical Equipment and 
Instrumentation .................................................................. 3.10-11

3.10.4 Test and Analysis Results and Experience Database........ 3.10-12



U.S. EPR FINAL SAFETY ANALYSIS REPORT
3.10.5 References......................................................................... 3.10-13
3.11 Environmental Qualification of Mechanical and Electrical 

Equipment .......................................................................................... 3.11-1

3.11.1 Equipment Identification and Environmental Conditions...... 3.11-2
3.11.2 Qualification Tests and Analysis .......................................... 3.11-8
3.11.3 Qualification Test Results .................................................. 3.11-20
3.11.4 Loss of Ventilation.............................................................. 3.11-21
3.11.5 Estimated Chemical and Radiation Environment ............... 3.11-21
3.11.6 Qualification of Mechanical Equipment .............................. 3.11-22
3.11.7 References......................................................................... 3.11-22

3.12 ASME Code Class 1, 2, and 3 Piping Systems, Piping 
Components, and their Associated Supports ..................................... 3.12-1

3.12.1 Introduction .......................................................................... 3.12-1
3.12.2 Codes and Standards .......................................................... 3.12-1
3.12.3 Piping Analysis Methods ...................................................... 3.12-1
3.12.4 Piping Modeling Techniques ................................................ 3.12-2
3.12.5 Piping Stress Analyses Criteria ............................................ 3.12-3
3.12.6 Piping Support Design Criteria ............................................. 3.12-9
3.12.7 References......................................................................... 3.12-10

3.13 Threaded Fasteners (ASME Code Class 1, 2, and 3)........................ 3.13-1

3.13.1 Design Considerations ......................................................... 3.13-2
3.13.2 Inservice Inspection Requirements ...................................... 3.13-4
3.13.3 References........................................................................... 3.13-4

3A Criteria for Distribution System Analysis and Support...........................3A-1

3A.1 Piping and Supports ...................................................................3A-1
3A.2 Heating, Ventilation, and Air Conditioning Ducts and 

Supports .....................................................................................3A-1
  Revision  7  Page 10 

3A.3 Cable Tray, Conduit, and Supports ............................................3A-7
3A.4 References ...............................................................................3A-12

3B Dimensional Arrangement Drawings.....................................................3B-1

3C Reactor Coolant System Structural Analysis Methods..........................3C-1

3C.1 Hydraulic Model Development....................................................3C-1
3C.2 Structural Model Development ...................................................3C-8
3C.3 Hydraulic Loading Analyses .....................................................3C-14
3C.4 Structural Loading Analysis ......................................................3C-18
3C.5 Amplified Response Spectra Generation .................................3C-27



U.S. EPR FINAL SAFETY ANALYSIS REPORT
3C.6 Description of Computer Programs ..........................................3C-28
3C.7 References ...............................................................................3C-30

3D Methodology for Qualifying Safety-Related Electrical and 
Mechanical Equipment ..........................................................................3D-1

3D.1 Purpose ......................................................................................3D-1
3D.2 Scope .........................................................................................3D-1
3D.3 Introduction.................................................................................3D-1
3D.4 Qualification Criteria ...................................................................3D-2
3D.5 Design Specifications ...............................................................3D-10
3D.6 Qualification Methods ...............................................................3D-12
3D.7 Equipment Qualification Maintenance Requirements...............3D-16
3D.8 Documentation .........................................................................3D-19
3D.9 References ...............................................................................3D-19

3E Design Details and Critical Sections for Safety-Related 
Category I Structures ............................................................................3E-1

3E.1 Nuclear Island Structures ...........................................................3E-4
3E.2 Emergency Power Generating Buildings................................3E-487
3E.3 Essential Service Water Buildings..........................................3E-616

3F U.S. EPR Piping Analysis and Pipe Support Design............................. 3F-1

3F.1 Introduction................................................................................. 3F-1
3F.2 Codes and Standards................................................................. 3F-1
3F.3 Piping Stress Analysis Criteria ................................................... 3F-2
3F.4 Piping Analysis Methods .......................................................... 3F-19
3F.5 Piping Modeling Techniques .................................................... 3F-35
3F.6 Pipe Support Design Criteria .................................................... 3F-42
3F.7 References ............................................................................... 3F-52
  Revision  7  Page 11 

4.0 REACTOR....................................................................................................... 4.1-1

4.1 Summary Description ........................................................................... 4.1-1

4.1.1 Principal Design Requirements.............................................. 4.1-4
4.1.2 References............................................................................. 4.1-5

4.2 Fuel System Design ............................................................................. 4.2-1

4.2.1 Design Bases ......................................................................... 4.2-2
4.2.2 Description and Design Drawings ........................................ 4.2-15
4.2.3 Design Evaluation ................................................................ 4.2-22
4.2.4 Testing and Inspection Plan................................................. 4.2-44



U.S. EPR FINAL SAFETY ANALYSIS REPORT
4.2.5 References........................................................................... 4.2-53
4.3 Nuclear Design..................................................................................... 4.3-1

4.3.1 Design Bases ......................................................................... 4.3-1
4.3.2 Description ............................................................................. 4.3-7
4.3.3 Analytical Methods ............................................................... 4.3-32
4.3.4 Changes............................................................................... 4.3-36
4.3.5 References........................................................................... 4.3-37

4.4 Thermal-Hydraulic Design.................................................................... 4.4-1

4.4.1 Design Bases ......................................................................... 4.4-1
4.4.2 Description of Thermal-Hydraulic Design of the 

Reactor Core.......................................................................... 4.4-3
4.4.3 Description of the Thermal and Hydraulic Design of 

the Reactor Coolant System ................................................ 4.4-10
4.4.4 Evaluation ............................................................................ 4.4-11
4.4.5 Testing and Verification........................................................ 4.4-18
4.4.6 Instrumentation Requirements ............................................. 4.4-19
4.4.7 References........................................................................... 4.4-25

4.5 REACTOR MATERIALS ...................................................................... 4.5-1

4.5.1 Control Rod Drive System Structural Materials...................... 4.5-1
4.5.2 Reactor Internals and Core Support Materials ....................... 4.5-3
4.5.3 References............................................................................. 4.5-5

4.6 Functional Design of Reactivity Control Systems................................. 4.6-1

4.6.1 Information for Control Rod Drive System.............................. 4.6-2
4.6.2 Evaluation of the Control Rod Drive System.......................... 4.6-3
4.6.3 Testing and Verification of the Control Rod Drive 

System ................................................................................... 4.6-4
4.6.4 Information for Combined Performance of Reactivity 
  Revision  7  Page 12 

Systems ................................................................................. 4.6-5
4.6.5 Evaluation of Combined Performance ................................... 4.6-7
4.6.6 References............................................................................. 4.6-8

5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS.................. 5.1-1

5.1 Summary Description ........................................................................... 5.1-1

5.1.1 Design Bases ......................................................................... 5.1-1
5.1.2 System Description ................................................................ 5.1-2
5.1.3 System Components.............................................................. 5.1-3



U.S. EPR FINAL SAFETY ANALYSIS REPORT
5.1.4 System Evaluation ................................................................. 5.1-5
5.2 Integrity of the Reactor Coolant Pressure Boundary............................ 5.2-1

5.2.1 Compliance with Codes and Code Cases.............................. 5.2-1
5.2.2 Overpressure Protection ........................................................ 5.2-2
5.2.3 Reactor Coolant Pressure Boundary Materials ...................... 5.2-7
5.2.4 Inservice Inspection and Testing of the RCPB..................... 5.2-18
5.2.5 RCPB Leakage Detection .................................................... 5.2-26
5.2.6 References........................................................................... 5.2-34

5.3 Reactor Vessel ..................................................................................... 5.3-1

5.3.1 Reactor Vessel Materials ....................................................... 5.3-1
5.3.2 Pressure-Temperature Limits, Pressurized Thermal 

Shock, and Charpy Upper-Shelf Energy Data and 
Analyses................................................................................. 5.3-7

5.3.3 Reactor Vessel Integrity ......................................................... 5.3-9
5.3.4 References........................................................................... 5.3-14

5.4 Component and Subsystem Design..................................................... 5.4-1

5.4.1 Reactor Coolant Pumps ......................................................... 5.4-1
5.4.2 Steam Generators (PWR) ...................................................... 5.4-7
5.4.3 Reactor Coolant Piping ........................................................ 5.4-23
5.4.4 Not Used in U.S. EPR Design.............................................. 5.4-26
5.4.5 Not Used in U.S. EPR Design.............................................. 5.4-26
5.4.6 Not Used in U.S. EPR Design.............................................. 5.4-26
5.4.7 Residual Heat Removal System........................................... 5.4-26
5.4.8 Not Used in U.S. EPR Design.............................................. 5.4-37
5.4.9 Not Used in U.S. EPR Design.............................................. 5.4-37
5.4.10 Pressurizer ........................................................................... 5.4-37
5.4.11 Pressurizer Relief Tank........................................................ 5.4-42
  Revision  7  Page 13 

5.4.12 Reactor Coolant System High Point Vents........................... 5.4-44
5.4.13 Safety and Relief Valves ...................................................... 5.4-47
5.4.14 Component Supports ........................................................... 5.4-49
5.4.15 References........................................................................... 5.4-52

6.0 ENGINEERED SAFETY FEATURES ............................................................. 6.1-1

6.1 Engineered Safety Features Materials ................................................. 6.1-1

6.1.1 Metallic Materials ................................................................... 6.1-1
6.1.2 Organic Materials ................................................................... 6.1-6



U.S. EPR FINAL SAFETY ANALYSIS REPORT
6.1.3 References........................................................................... 6.1-17
6.2 Containment Systems .......................................................................... 6.2-1

6.2.1 Containment Functional Design ............................................. 6.2-1
6.2.2 Containment Heat Removal Systems ................................ 6.2-239
6.2.3 Secondary Containment Functional Design....................... 6.2-242
6.2.4 Containment Isolation System ........................................... 6.2-256
6.2.5 Combustible Gas Control in Containment .......................... 6.2-291
6.2.6 Containment Leakage Testing ........................................... 6.2-327
6.2.7 Fracture Prevention of Containment Pressure Vessel ....... 6.2-335
6.2.8 References......................................................................... 6.2-335

6.3 Emergency Core Cooling System ........................................................ 6.3-1

6.3.1 Design Bases ......................................................................... 6.3-1
6.3.2 System Design ....................................................................... 6.3-6
6.3.3 Performance Evaluation....................................................... 6.3-16
6.3.4 Tests and Inspections .......................................................... 6.3-22
6.3.5 Instrumentation Requirements ............................................. 6.3-23
6.3.6 References........................................................................... 6.3-23

6.4 Habitability Systems............................................................................. 6.4-1

6.4.1 Design Basis .......................................................................... 6.4-1
6.4.2 System Design ....................................................................... 6.4-2
6.4.3 System Operational Procedures ............................................ 6.4-6
6.4.4 Design Evaluations ................................................................ 6.4-7
6.4.5 Testing and Inspection ........................................................... 6.4-7
6.4.6 Instrumentation Requirements ............................................... 6.4-8
6.4.7 References............................................................................. 6.4-8

6.5 Fission Product Removal and Control Systems................................... 6.5-1
  Revision  7  Page 14 

6.5.1 ESF Filter Systems ................................................................ 6.5-1
6.5.2 Containment Spray Systems.................................................. 6.5-7
6.5.3 Fission Product Control Systems ........................................... 6.5-7
6.5.4 References............................................................................. 6.5-9

6.6 Inservice Inspection of Class 2 and 3 Components ............................. 6.6-1

6.6.1 Components Subject to Examination ..................................... 6.6-2
6.6.2 Accessibility............................................................................ 6.6-3
6.6.3 Examination Techniques and Procedures ............................. 6.6-4
6.6.4 Inspection Intervals ................................................................ 6.6-5



U.S. EPR FINAL SAFETY ANALYSIS REPORT
6.6.5 Examination Categories and Requirements........................... 6.6-6
6.6.6 Evaluation of Examination Results......................................... 6.6-6
6.6.7 System Pressure Tests .......................................................... 6.6-7
6.6.8 Augmented ISI to Protect against Postulated Piping 

Failures .................................................................................. 6.6-7
6.6.9 References............................................................................. 6.6-8

6.7 Main Steamline Isolation Valve Leakage Control Systems 
(BWRs)................................................................................................. 6.7-1

6.8 Extra Borating System.......................................................................... 6.8-1

6.8.1 Design Bases ......................................................................... 6.8-1
6.8.2 System Description ................................................................ 6.8-1
6.8.3 Safety Evaluation ................................................................... 6.8-3
6.8.4 Inspection and Testing Requirements.................................... 6.8-5
6.8.5 Instrumentation Requirements ............................................... 6.8-5

7.0 INSTRUMENTATION AND CONTROLS........................................................ 7.1-1

7.1 Introduction........................................................................................... 7.1-1

7.1.1 U.S. EPR I&C Systems .......................................................... 7.1-5
7.1.2 Response Time .................................................................... 7.1-83
7.1.3 Identification of Safety Criteria ............................................. 7.1-84
7.1.4 References......................................................................... 7.1-115

7.2 Reactor Trip System............................................................................. 7.2-1

7.2.1 Description ............................................................................. 7.2-1
7.2.2 Analysis................................................................................ 7.2-22
7.2.3 References........................................................................... 7.2-27

7.3 Engineered Safety Features Systems.................................................. 7.3-1

7.3.1 Description ............................................................................. 7.3-1
  Revision  7  Page 15 

7.3.2 Analysis................................................................................ 7.3-37
7.3.3 References........................................................................... 7.3-43

7.4 Systems Required For Safe Shutdown ................................................ 7.4-1

7.4.1 Description ............................................................................. 7.4-1
7.4.2 Analysis.................................................................................. 7.4-8
7.4.3 References........................................................................... 7.4-11

7.5 Information Systems Important to Safety ............................................. 7.5-1

7.5.1 Description ............................................................................. 7.5-1
7.5.2 Analysis.................................................................................. 7.5-2



U.S. EPR FINAL SAFETY ANALYSIS REPORT
7.5.3 References............................................................................. 7.5-9
7.6 Interlock Systems Important to Safety.................................................. 7.6-1

7.6.1 Description ............................................................................. 7.6-1
7.6.2 Analysis................................................................................ 7.6-13
7.6.3 References........................................................................... 7.6-15

7.7 Control Systems Not Required for Safety ............................................ 7.7-1

7.7.1 Description ............................................................................. 7.7-1
7.7.2 Design Basis Information ....................................................... 7.7-3
7.7.3 Analysis................................................................................ 7.7-28
7.7.4 References........................................................................... 7.7-28

7.8 Diverse I&C Systems ........................................................................... 7.8-1

7.8.1 Description ............................................................................. 7.8-1
7.8.2 Analysis.................................................................................. 7.8-7
7.8.3 References............................................................................. 7.8-8

7.9 Data Communication Systems............................................................. 7.9-1

8.0 ELECTRIC POWER........................................................................................ 8.1-1

8.1 Introduction........................................................................................... 8.1-1

8.1.1 Offsite Power Description....................................................... 8.1-1
8.1.2 Onsite Power System Description.......................................... 8.1-1
8.1.3 Safety-Related Loads............................................................. 8.1-3
8.1.4 Design Bases ......................................................................... 8.1-3
8.1.5 References........................................................................... 8.1-11

8.2 Offsite Power System........................................................................... 8.2-1

8.2.1 Description ............................................................................. 8.2-1
8.2.2 Analysis.................................................................................. 8.2-4
  Revision  7  Page 16 

8.2.3 References............................................................................. 8.2-8
8.3 Onsite Power System........................................................................... 8.3-1

8.3.1 Alternating Current Power Systems ....................................... 8.3-1
8.3.2 DC Power Systems .............................................................. 8.3-39
8.3.3 References........................................................................... 8.3-56

8.4 Station Blackout ................................................................................... 8.4-1

8.4.1 Description ............................................................................. 8.4-1
8.4.2 Analysis.................................................................................. 8.4-7
8.4.3 References........................................................................... 8.4-15



U.S. EPR FINAL SAFETY ANALYSIS REPORT
9.0 AUXILIARY SYSTEMS ................................................................................... 9.1-1

9.1 Fuel Storage and Handling................................................................... 9.1-1

9.1.1 Criticality Safety of New and Spent Fuel Storage 
and Handling .......................................................................... 9.1-1

9.1.2 New and Spent Fuel Storage ................................................. 9.1-4
9.1.3 Fuel Pool Cooling and Purification System .......................... 9.1-24
9.1.4 Fuel Handling System .......................................................... 9.1-46
9.1.5 Overhead Heavy Load Handling System ........................... 9.1-111

9.2 Water Systems..................................................................................... 9.2-1

9.2.1 Essential Service Water System ............................................ 9.2-1
9.2.2 Component Cooling Water System...................................... 9.2-25
9.2.3 Demineralized Water Distribution System.......................... 9.2-113
9.2.4 Potable and Sanitary Water Systems (PSWS)................... 9.2-114
9.2.5 Ultimate Heat Sink ............................................................. 9.2-117
9.2.6 Condensate Storage Facilities ........................................... 9.2-136
9.2.7 Seal Water Supply System ................................................ 9.2-137
9.2.8 Safety Chilled Water System ............................................. 9.2-146
9.2.9 Raw Water Supply System ................................................ 9.2-176
9.2.10 Turbine Building Closed Cooling Water System ................ 9.2-178

9.3 Process Auxiliaries ............................................................................... 9.3-1

9.3.1 Compressed Air System ........................................................ 9.3-1
9.3.2 Process Sampling Systems ................................................... 9.3-7
9.3.3 Equipment and Floor Drainage System ............................... 9.3-42
9.3.4 Chemical and Volume Control System (Including 

Boron Recovery System) ..................................................... 9.3-59
9.4 Air Conditioning, Heating, Cooling and Ventilation Systems................ 9.4-1
  Revision  7  Page 17 

9.4.1 Main Control Room Air Conditioning System......................... 9.4-1
9.4.2 Fuel Building Ventilation System.......................................... 9.4-20
9.4.3 Nuclear Auxiliary Building Ventilation System...................... 9.4-32
9.4.4 Turbine Island Ventilation Systems...................................... 9.4-47
9.4.5 Safeguard Building Controlled-Area Ventilation System...... 9.4-48
9.4.6 Electrical Division of Safeguard Building Ventilation 

System (SBVSE).................................................................. 9.4-68
9.4.7 Containment Building Ventilation System ............................ 9.4-87
9.4.8 Radioactive Waste Processing Building Ventilation 

System ............................................................................... 9.4-107



U.S. EPR FINAL SAFETY ANALYSIS REPORT
9.4.9 Emergency Power Generating Building Ventilation 
System ............................................................................... 9.4-118

9.4.10 Station Blackout Room Ventilation System........................ 9.4-129
9.4.11 Essential Service Water Pump Building Ventilation 

System ............................................................................... 9.4-135
9.4.12 Main Steam and Feedwater Valve Room Ventilation 

System ............................................................................... 9.4-144
9.4.13 Smoke Confinement System.............................................. 9.4-149
9.4.14 Access Building Ventilation System ................................... 9.4-154

9.5 Other Auxiliary Systems....................................................................... 9.5-1

9.5.1 Fire Protection........................................................................ 9.5-1
9.5.2 Communication System ....................................................... 9.5-70
9.5.3 Lighting System.................................................................... 9.5-84
9.5.4 Diesel Generator Fuel Oil Storage and Transfer 

System ................................................................................. 9.5-90
9.5.5 Diesel Generator Cooling Water System ........................... 9.5-105
9.5.6 Diesel Generator Starting Air System ................................ 9.5-116
9.5.7 Diesel Generator Lubricating Oil System ........................... 9.5-125
9.5.8 Diesel Generator Air Intake and Exhaust System.............. 9.5-137

9A Fire Protection Analysis.........................................................................9A-1

9A.1 Introduction.................................................................................9A-1
9A.2 Fire Protection Analysis Methodology ........................................9A-3
9A.3 Fire Area-by-Fire Area Evaluation ............................................9A-11
9A.4 References ...............................................................................9A-47

10.0 STEAM AND POWER CONVERSION SYSTEM.......................................... 10.1-1

10.1 Summary Description ......................................................................... 10.1-1
  Revision  7  Page 18 

10.1.1 General Description ............................................................. 10.1-2
10.1.2 Protective Features .............................................................. 10.1-2
10.1.3 References........................................................................... 10.1-4

10.2 Turbine-Generator.............................................................................. 10.2-1

10.2.1 Design Bases ....................................................................... 10.2-1
10.2.2 General Description ............................................................. 10.2-2
10.2.3 Turbine Rotor Integrity ....................................................... 10.2-18
10.2.4 Safety Evaluation ............................................................... 10.2-23
10.2.5 References......................................................................... 10.2-24



U.S. EPR FINAL SAFETY ANALYSIS REPORT
10.3 Main Steam Supply System ............................................................... 10.3-1

10.3.1 Design Bases ....................................................................... 10.3-1
10.3.2 System Description .............................................................. 10.3-2
10.3.3 Safety Evaluation ................................................................. 10.3-9
10.3.4 Inspection and Testing Requirements................................ 10.3-13
10.3.5 Secondary Side Water Chemistry Program ....................... 10.3-13
10.3.6 Steam and Feedwater System Materials ........................... 10.3-18
10.3.7 References......................................................................... 10.3-20

10.4 Other Features of Steam and Power Conversion System ................. 10.4-1

10.4.1 Main Condensers ................................................................. 10.4-1
10.4.2 Main Condenser Evacuation System ................................... 10.4-6
10.4.3 Turbine Gland Sealing System .......................................... 10.4-13
10.4.4 Turbine Bypass System ..................................................... 10.4-17
10.4.5 Circulating Water System................................................... 10.4-21
10.4.6 Condensate Polishing System ........................................... 10.4-28
10.4.7 Condensate and Feedwater System.................................. 10.4-32
10.4.8 Steam Generator Blowdown System (PWR)...................... 10.4-57
10.4.9 Emergency Feedwater System .......................................... 10.4-75

11.0 RADIOACTIVE WASTE MANAGEMENT ..................................................... 11.1-1

11.1 Source Terms..................................................................................... 11.1-1

11.1.1 Sources of Radioactivity: Fission, Activation, and 
Corrosion Products .............................................................. 11.1-1

11.1.2 Design Basis ........................................................................ 11.1-2
11.1.3 Reactor Coolant System and Secondary Coolant 

Realistic Source Terms ........................................................ 11.1-4
11.1.4 References........................................................................... 11.1-5
  Revision  7  Page 19 

11.2 Liquid Waste Management System.................................................... 11.2-1

11.2.1 Design Basis ........................................................................ 11.2-1
11.2.2 System Description .............................................................. 11.2-6
11.2.3 Radioactive Effluent Releases ........................................... 11.2-28
11.2.4 Liquid Waste Management System Cost-Benefit 

Analysis.............................................................................. 11.2-34
11.2.5 References......................................................................... 11.2-34

11.3 Gaseous Waste Management Systems............................................. 11.3-1

11.3.1 Design Basis ........................................................................ 11.3-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
11.3.2 System Description .............................................................. 11.3-5
11.3.3 Radioactive Effluent Releases ........................................... 11.3-17
11.3.4 Gaseous Waste Management System Cost-Benefit 

Analysis.............................................................................. 11.3-22
11.3.5 References......................................................................... 11.3-23

11.4 Solid Waste Management Systems ................................................... 11.4-1

11.4.1 Design Basis ........................................................................ 11.4-1
11.4.2 System Description .............................................................. 11.4-5
11.4.3 Radioactive Effluent Releases ........................................... 11.4-16
11.4.4 Solid Waste Management System Cost-Benefit 

Analysis.............................................................................. 11.4-17
11.4.5 Failure Tolerance ............................................................... 11.4-17
11.4.6 Quality Assurance .............................................................. 11.4-18
11.4.7 References......................................................................... 11.4-18

11.5 Process and Effluent Radiological Monitoring and Sampling 
Systems.............................................................................................. 11.5-1

11.5.1 Design Basis ........................................................................ 11.5-1
11.5.2 System Description .............................................................. 11.5-4
11.5.3 Effluent Monitoring and Sampling ........................................ 11.5-5
11.5.4 Process Monitoring and Sampling ..................................... 11.5-15
11.5.5 References......................................................................... 11.5-27

12.0 RADIATION PROTECTION.......................................................................... 12.1-1

12.1 Ensuring that Occupational Radiation Exposures are As Low 
As Reasonably Achievable................................................................. 12.1-1

12.1.1 Policy Considerations........................................................... 12.1-1
12.1.2 Design Considerations ......................................................... 12.1-2
  Revision  7  Page 20 

12.1.3 Operational Considerations.................................................. 12.1-7
12.1.4 References........................................................................... 12.1-7

12.2 Radiation Sources .............................................................................. 12.2-1

12.2.1 Contained Sources............................................................... 12.2-1
12.2.2 Airborne Radioactive Material Sources.............................. 12.2-11
12.2.3 References......................................................................... 12.2-12

12.3 Radiation Protection Design Features................................................ 12.3-1

12.3.1 Facility Design Features....................................................... 12.3-1
12.3.2 Shielding ............................................................................ 12.3-17



U.S. EPR FINAL SAFETY ANALYSIS REPORT
12.3.3 Ventilation .......................................................................... 12.3-23
12.3.4 Area Radiation and Airborne Radioactivity Monitoring 

Instrumentation .................................................................. 12.3-25
12.3.5 Dose Assessment .............................................................. 12.3-30
12.3.6 Minimization of Contamination ........................................... 12.3-37
12.3.7 References......................................................................... 12.3-71

12.4 Dose Assessment .............................................................................. 12.4-1

12.5 Operational Radiation Protection Program......................................... 12.5-1

12.5.1 References........................................................................... 12.5-1

13.0 CONDUCT OF OPERATIONS...................................................................... 13.1-1

13.1 Organizational Structure of Applicant ................................................ 13.1-1

13.2 Training .............................................................................................. 13.2-1

13.3 Emergency Planning .......................................................................... 13.3-1

13.4 Operational Program Implementation ................................................ 13.4-1

13.5 Plant Procedures................................................................................ 13.5-1

13.5.1 Administrative Procedures ................................................... 13.5-1
13.5.2 Operating and Maintenance Procedures ............................. 13.5-1

13.6 Security .............................................................................................. 13.6-1

13.6.1 Protected Area and Vital Areas............................................ 13.6-1
13.6.2 Security Power System ........................................................ 13.6-2
13.6.3 Security Detection, Surveillance and Lighting...................... 13.6-3
13.6.4 Security Alarm System......................................................... 13.6-3
13.6.5 Security Communications System........................................ 13.6-4
13.6.6 Security Access Control System .......................................... 13.6-4

13.7 Fitness for Duty .................................................................................. 13.7-1
  Revision  7  Page 21 

13.8 References......................................................................................... 13.8-1

14.0 VERIFICATION PROGRAMS....................................................................... 14.1-1

14.1 Specific Information to be addressed for the Initial Plant 
Test Program...................................................................................... 14.1-1

14.2 Initial Plant Test Program................................................................... 14.2-1

14.2.1 Summary of Test Program and Objectives .......................... 14.2-1
14.2.2 Organization and Staffing..................................................... 14.2-8
14.2.3 Test Procedures................................................................... 14.2-8



U.S. EPR FINAL SAFETY ANALYSIS REPORT
14.2.4 Conduct of Test Program ................................................... 14.2-11
14.2.5 Review, Evaluation, and Approval of Test Results............. 14.2-12
14.2.6 Test Records...................................................................... 14.2-12
14.2.7 Conformance of Test Programs with Regulatory 

Guides................................................................................ 14.2-12
14.2.8 Utilization of Reactor Operating and Testing 

Experience in Development of Initial Test Program ........... 14.2-13
14.2.9 Trial Use of Plant Operating and Emergency 

Procedures......................................................................... 14.2-15
14.2.10 Initial Fuel Loading and Initial Criticality ............................. 14.2-16
14.2.11 Test Program Schedule ..................................................... 14.2-20
14.2.12 Individual Test Descriptions ............................................... 14.2-21
14.2.13 References....................................................................... 14.2-389

14.3 Inspections, Tests, Analyses, and Acceptance Criteria ..................... 14.3-1

14.3.1 Tier 1, Chapter 1, Introduction ............................................. 14.3-3
14.3.2 Tier 1, Chapter 2, System Based Design 

Descriptions and ITAAC....................................................... 14.3-3
14.3.3 Tier 1, Chapter 3, Non-System Based Design 

Descriptions and ITAAC....................................................... 14.3-9
14.3.4 Tier 1, Chapter 4, Interface Requirements ........................... 14.3-9
14.3.5 Tier 1, Chapter 5, Site Parameters ...................................... 14.3-9
14.3.6 Design Acceptance Criteria.................................................. 14.3-9
14.3.7 References......................................................................... 14.3-12

15.0 TRANSIENT AND ACCIDENT ANALYSES.................................................. 15.0-1

15.0.1 Radiological Consequence Analysis .................................. 15.0-16
15.0.2 Computer Codes Used in Analysis..................................... 15.0-16
15.0.3 Radiological Consequences of Design Basis Accidents .... 15.0-17
  Revision  7  Page 22 

15.0.4 Plant Cooldown .................................................................. 15.0-42
15.0.5 Compliance with Section C.I.15, “Transient and 

Accident Analyses,” of Regulatory Guide 1.206................. 15.0-42
15.0.6 References......................................................................... 15.0-42

15.1 Increase in Heat Removal by the Secondary System........................ 15.1-1

15.1.1 Decrease in Feedwater Temperature................................... 15.1-1
15.1.2 Increase in Feedwater Flow ................................................. 15.1-6
15.1.3 Increase in Steam Flow...................................................... 15.1-11



U.S. EPR FINAL SAFETY ANALYSIS REPORT
15.1.4 Inadvertent Opening of a Steam Generator Relief or 
Safety Valve ....................................................................... 15.1-15

15.1.5 Steam System Piping Failures Inside and Outside 
of Containment (PWR) ....................................................... 15.1-21

15.1.6 References......................................................................... 15.1-26
15.2  Decrease in Heat Removal by the Secondary System ..................... 15.2-1

15.2.1 Loss of External Load .......................................................... 15.2-1
15.2.2 Turbine Trip .......................................................................... 15.2-3
15.2.3 Loss of Condenser Vacuum................................................. 15.2-8
15.2.4 Inadvertent Main Steam Isolation Valve Closure ................. 15.2-8
15.2.5 Steam Pressure Regulator Failure ..................................... 15.2-14
15.2.6 Loss of Non-Emergency AC Power to the Station 

Auxiliaries........................................................................... 15.2-15
15.2.7 Loss of Normal Feedwater Flow......................................... 15.2-16
15.2.8 Feedwater Line Breaks Inside and Outside 

Containment....................................................................... 15.2-22
15.2.9 References......................................................................... 15.2-30

15.3 Decrease in Reactor Coolant System Flow Rate ............................... 15.3-1

15.3.1 Partial Loss of Forced Reactor Coolant Flow....................... 15.3-1
15.3.2 Complete Loss of Forced Reactor Coolant Flow.................. 15.3-6
15.3.3 Reactor Coolant Pump Rotor Seizure................................ 15.3-10
15.3.4 Reactor Coolant Pump Shaft Break ................................... 15.3-14
15.3.5 References......................................................................... 15.3-14

15.4 Reactivity and Power Distribution Anomalies..................................... 15.4-1

15.4.1 Uncontrolled Control Rod Assembly Withdrawal from 
a Subcritical or Low-Power Startup Condition...................... 15.4-1

15.4.2 Uncontrolled Control Rod Assembly Withdrawal at 
Power ................................................................................... 15.4-6
  Revision  7  Page 23 

15.4.3 Control Rod Misoperation (System Malfunction or 
Operator Error) ................................................................... 15.4-10

15.4.4 Startup of an Inactive Reactor Coolant Pump at 
an Incorrect Temperature................................................... 15.4-16

15.4.5 Flow Controller Malfunction Causing an Increase in 
BWR Core Flow Rate......................................................... 15.4-20

15.4.6 Chemical and Volume Control System Malfunction 
that Results in a Decrease in the Boron 
Concentration in the Reactor Coolant ................................ 15.4-20



U.S. EPR FINAL SAFETY ANALYSIS REPORT
15.4.7 Inadvertent Loading and Operation of a Fuel 
Assembly in an Improper Position...................................... 15.4-31

15.4.8 Spectrum of Rod Ejection Accidents in a PWR.................. 15.4-34
15.4.9 Spectrum of Rod Drop Accidents (BWR) ........................... 15.4-40
15.4.10 References......................................................................... 15.4-40

15.5 Increase in Reactor Coolant Inventory ............................................... 15.5-1

15.5.1 Inadvertent Operation of ECCS or EBS ............................... 15.5-1
15.5.2 Chemical and Volume Control System Malfunction 

that Increases Reactor Coolant Inventory ............................ 15.5-6
15.5.3 References......................................................................... 15.5-11

15.6 Decrease in Reactor Coolant Inventory Events ................................. 15.6-1

15.6.1 Inadvertent Opening of a Pressurizer Safety Relief 
Valve .................................................................................... 15.6-1

15.6.2 Radiological Consequences of the Failure of Small 
Lines Carrying Primary Coolant Outside Containment......... 15.6-7

15.6.3 Steam Generator Tube Failure (PWR)................................. 15.6-7
15.6.4 Radiological Consequences of Main Steam Line 

Failure Outside Containment (BWR).................................. 15.6-18
15.6.5 Loss of Coolant Accidents Resulting from Spectrum 

of Postulated Piping Breaks Within the Reactor 
Coolant Pressure Boundary ............................................... 15.6-18

15.6.6 References......................................................................... 15.6-43
15.7 Radioactive Release from a Subsystem or Component..................... 15.7-1

15.7.1 Radioactive Gas Waste System Leak or Failure.................. 15.7-1
15.7.2 Radioactive Liquid Waste System Leak or Failure............... 15.7-1
15.7.3 Postulated Radioactive Releases due to Liquid-

Containing Tank Failures ..................................................... 15.7-1
15.7.4 Radiological Consequences of Fuel Handling Accidents ..... 15.7-1
  Revision  7  Page 24 

15.7.5 Spent Fuel Cask Drop Accidents ......................................... 15.7-1
15.8 Anticipated Transients Without Scram ............................................... 15.8-1

15.8.1 General Background ............................................................ 15.8-1
15.8.2 Anticipated Transients Without Scram ................................. 15.8-4
15.8.3 Conclusion ........................................................................... 15.8-8
15.8.4 References........................................................................... 15.8-9

15.9 Boiling Water Reactor Stability........................................................... 15.9-1

15.10 Spent Fuel Pool Criticality and Boron Dilution Analysis ................... 15.10-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
16.0 TECHNICAL SPECIFICATIONS

1.0 USE AND APPLICATION

1.1 Definitions .............................................................................. 1.1-1
1.2 Logical Connectors ................................................................ 1.2-1
1.3 Completion Times .................................................................. 1.3-1
1.4 Frequency .............................................................................. 1.4-1

2.0 SAFETY LIMITS (SLs)

2.1 SLs ......................................................................................... 2.0-1
2.2 SL Violations .......................................................................... 2.0-1

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY.... 3.0-1

3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY................... 3.0-4

3.1 REACTIVITY CONTROL SYSTEMS
3.2 POWER DISTRIBUTION LIMITS
3.3 INSTRUMENTATION
3.4 REACTOR COOLANT SYSTEM (RCS)
3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)
3.6 CONTAINMENT SYSTEMS
3.7 PLANT SYSTEMS
3.8 ELECTRICAL POWER SYSTEMS
3.9 REFUELING OPERATIONS

4.0 DESIGN FEATURES

4.1 Site Location .......................................................................... 4.0-1
4.2 Reactor Core.......................................................................... 4.0-1
4.3 Fuel Storage........................................................................... 4.0-1

5.0 ADMINISTRATIVE CONTROLS

5.1 Responsibility ......................................................................... 5.1-1
  Revision  7  Page 25 

5.2 Organization........................................................................... 5.2-1
5.3 Unit Staff Qualifications.......................................................... 5.3-1
5.4 Procedures............................................................................. 5.4-1
5.5 Programs and Manuals .......................................................... 5.5-1
5.6 Reporting Requirements ........................................................ 5.6-1
5.7 High Radiation Area ............................................................... 5.7-1

B 2.0 SAFETY LIMITS (SLs)

B 3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY... B 3.0-1

B 3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY..............B 3.0-12



U.S. EPR FINAL SAFETY ANALYSIS REPORT
B 3.1 REACTIVITY CONTROL SYSTEMS

B 3.2 POWER DISTRIBUTION LIMITS

B 3.3 INSTRUMENTATION

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS)

B 3.6 CONTAINMENT SYSTEMS

B 3.7 PLANT SYSTEMS

B 3.8 ELECTRICAL POWER SYSTEMS

B 3.9 REFUELING OPERATIONS

17.0 QUALITY ASSURANCE AND RELIABILITY ASSURANCE......................... 17.1-1

17.1 Quality Assurance During Design ...................................................... 17.1-1

17.2 Quality Assurance During the Operations Phase............................... 17.2-1

17.3 Quality Assurance Program Description ............................................ 17.3-1

17.4 Reliability Assurance Program ........................................................... 17.4-1

17.4.1 Reliability Assurance Program Scope, Stages, and 
Goals.................................................................................... 17.4-1

17.4.2 Reliability Assurance Program Implementation.................... 17.4-2
17.4.3 Organization, Design Control, Procedures and 

Instructions, Corrective Actions, and Audit Plans................. 17.4-6
17.4.4 Reliability Assurance Program Information Needed in 

a COL Application ................................................................ 17.4-7
17.4.5 References........................................................................... 17.4-7

17.5 Quality Assurance Program Description ............................................ 17.5-1

17.5.1 QA Program Responsibilities ............................................... 17.5-1
17.5.2 SRP Section 17.5 and the QA Program Description............ 17.5-1
  Revision  7  Page 26 

17.5.3 Evaluation of the QAPD Against the SRP and 
QAPD Submittal Guidance................................................... 17.5-2

17.5.4 References........................................................................... 17.5-2
17.6 Description of Applicant's Program for Implementation of 

10 CFR 50.65, the Maintenance Rule ................................................ 17.6-1

17.6.1 Scoping per 10 CFR 50.65(b) .............................................. 17.6-1
17.6.2 Monitoring per 10 CFR 50.65(a) .......................................... 17.6-1
17.6.3 Periodic Evaluation per 10 CFR 50.65(a)(3) ........................ 17.6-1
17.6.4 Risk Assessment and Management per 

10 CFR 50.65(a)(4) .............................................................. 17.6-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
17.6.5 Maintenance Rule Training and Qualification....................... 17.6-1
17.6.6 Maintenance Rule Program Role in Implementation of 

Reliability Assurance Program (RAP) in the 
Operations Phase ................................................................ 17.6-2

17.6.7 Maintenance Rule Program Relationship with Industry 
Operating Experience Activities ........................................... 17.6-2

17.6.8 Maintenance Rule Program Implementation........................ 17.6-2

18.0 HUMAN FACTORS ENGINEERING............................................................. 18.1-1

18.1 Human Factors Engineering Program Management.......................... 18.1-1

18.1.1 Human Factors Engineering Program Goals, 
Assumptions and Constraints, and Scope ........................... 18.1-1

18.1.2 Human Factors Engineering and Control Room 
Design Team Organization .................................................. 18.1-3

18.1.3 Human Factors Engineering Processes and Procedures .... 18.1-3
18.1.4 Human Factors Engineering Issues Tracking ...................... 18.1-5
18.1.5 Technical Program ............................................................... 18.1-6
18.1.6 References........................................................................... 18.1-7

18.2 Operating Experience Review............................................................ 18.2-1

18.2.1 Objectives and Scope .......................................................... 18.2-1
18.2.2 Methodology......................................................................... 18.2-1
18.2.3 Evaluation of Results ........................................................... 18.2-2
18.2.4 References........................................................................... 18.2-2

18.3 Functional Requirements Analysis and Functional Allocation............ 18.3-1

18.3.1 Objectives and Scope .......................................................... 18.3-1
18.3.2 Functional Requirement Analysis Methodology and 

Results Summary................................................................. 18.3-1
18.3.3 Functional Allocation Methodology and Results 
  Revision  7  Page 27 

Summary.............................................................................. 18.3-3
18.3.4 Changes to Functional Analysis or Allocation ...................... 18.3-4
18.3.5 References........................................................................... 18.3-4

18.4 Task Analysis ..................................................................................... 18.4-1

18.4.1 Task Analysis Objectives and Scope ................................... 18.4-1
18.4.2 Task Analysis Methodology ................................................. 18.4-1
18.4.3 Results Summary................................................................. 18.4-2
18.4.4 References........................................................................... 18.4-3

18.5 Staffing and Qualifications.................................................................. 18.5-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
18.5.1 Objectives and Scope of Analysis ........................................ 18.5-1
18.5.2 Staffing and Qualifications Analysis Methodology................ 18.5-2
18.5.3 Results ................................................................................. 18.5-2
18.5.4 References........................................................................... 18.5-2

18.6 Human Reliability Analysis ................................................................. 18.6-1

18.6.1 Objectives and Scope of HRA / HFE Integration.................. 18.6-1
18.6.2 Methodology......................................................................... 18.6-1
18.6.3 Results ................................................................................. 18.6-2
18.6.4 References........................................................................... 18.6-3

18.7 Human System Interface Design........................................................ 18.7-1

18.7.1 Human System Interface Design Inputs............................... 18.7-1
18.7.2 Concept of Operations ....................................................... 18.7-10
18.7.3 Functional Requirements Specification.............................. 18.7-13
18.7.4 HSI Concept Design........................................................... 18.7-13
18.7.5 Guidance for Local Control Station Design ........................ 18.7-16
18.7.6 HSI Detailed Design and Integration.................................. 18.7-18
18.7.7 HSI Verification and Validation (Tests and 

Evaluations) ....................................................................... 18.7-21
18.7.8 HSI Design Results and Documentation............................ 18.7-22
18.7.9 References......................................................................... 18.7-22

18.8 Procedure Development..................................................................... 18.8-1

18.9 Training Program Development ......................................................... 18.9-1

18.10 Verification and Validation................................................................ 18.10-1

18.10.1 Objectives .......................................................................... 18.10-1
18.10.2 Scope ................................................................................. 18.10-1
18.10.3 Methodology....................................................................... 18.10-2
  Revision  7  Page 28 

18.10.4 References....................................................................... 18.10-18
18.11 Design Implementation..................................................................... 18.11-1

18.11.1 Objectives and Scope ........................................................ 18.11-1
18.11.2 Methodology....................................................................... 18.11-1
18.11.3 Verification that HFE Issues Tracking Database Items 

Have Been Addressed ....................................................... 18.11-2
18.11.4 Results Summary............................................................... 18.11-3
18.11.5 References......................................................................... 18.11-3

18.12 Human Performance Monitoring ...................................................... 18.12-1

18.12.1 Objectives and Scope ........................................................ 18.12-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
18.12.2 Methodology....................................................................... 18.12-2
18.12.3 Results Summary............................................................... 18.12-5
18.12.4 References......................................................................... 18.12-5

19.0 PROBABILISTIC RISK ASSESSMENT AND SEVERE ACCIDENT 
EVALUATION ............................................................................................... 19.0-1

19.0.1 NRC Regulatory Requirements and Related Policies .......... 19.0-1
19.0.2 Uses of PRA and Severe Accident Evaluations................... 19.0-2
19.0.3 Structure of Chapter 19........................................................ 19.0-3
19.0.4 References........................................................................... 19.0-4

19.1 Probabilistic Risk Assessment ........................................................... 19.1-1

19.1.1 Uses and Applications of the PRA ....................................... 19.1-1
19.1.2 Quality of PRA...................................................................... 19.1-2
19.1.3 Special Design/Operational Features ................................ 19.1-10
19.1.4 Safety Insights from the Internal Events PRA for 

Operations at Power .......................................................... 19.1-15
19.1.5 Safety Insights from the External Events PRA for 

Operations at Power ........................................................ 19.1-115
19.1.6 Safety Insights from the PRA for Other Modes of 

Operation ......................................................................... 19.1-181
19.1.7 PRA-Related Input to Other Programs and Processes.... 19.1-217
19.1.8 Conclusions and Findings ................................................ 19.1-219
19.1.9 References....................................................................... 19.1-222

19.2 Severe Accident Evaluations.............................................................. 19.2-1

19.2.1 Introduction .......................................................................... 19.2-1
19.2.2 Severe Accident Prevention................................................. 19.2-1
19.2.3 Severe Accident Mitigation................................................... 19.2-5
  Revision  7  Page 29 

19.2.4 Containment Performance Capability................................. 19.2-25
19.2.5 Accident Management ....................................................... 19.2-57
19.2.6 Consideration of Potential Design Improvements under 

10 CFR 50.34(f) ................................................................. 19.2-61
19.2.7 Beyond Design Basis Large Commercial Aircraft 

Impact Assessment ........................................................... 19.2-65
19.2.8 Beyond Design Basis Extended Loss of AC Power 

Assessment........................................................................ 19.2-73
19.2.9 References......................................................................... 19.2-73

19.3 Open, Confirmatory, and COL Action Items Identified as 
Unresolved ......................................................................................... 19.3-1



U.S. EPR FINAL SAFETY ANALYSIS REPORT
19.3.1 Resolution of Open Items..................................................... 19.3-1
19.3.2 Resolution of Confirmatory Items......................................... 19.3-1
19.3.3 Resolution of COL Action Items ........................................... 19.3-1

19A Event Trees for Core Damage Sequences Initiated During 
Power Operation .................................................................................19A-1

19B Event Trees for Core Damage Sequences Initiated During 
Low Power Operation..........................................................................19B-1

19C Containment Event Trees (CET) for Containment Performance 
Sequences Initiated During Power Operation .....................................19C-1
  Revision  7  Page 30 


