EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

CHAPTER 3—DESIGN OF STRUCTURES,
COMPONENTS, EQUIPMENT AND

SYSTEMS

TABLE OF CONTENTS

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..........ccooriiiiiiiiiiiiiiiiee e 3.1-1
3.1.1.1  Criterion 1 — Quality Standards and Records............ 3.1-1
3.1.1.2  Criterion 2 — Design Bases for Protection Against Natural
Phenomena...........ooo s 3.1-2
3.1.1.3  Criterion 3 — Fire Protection .............cccoocciiiiiiiinennnnn. 3.1-2
3.1.1.4  Criterion 4 — Environmental and Missile Design Bases.....
3.1-4
3.1.1.5 Criterion 5 — Sharing of Structures, Systems, and
COoMPONENES ... 3.1-4
3.1.2 Protection by Multiple Fission Product Barriers............cccccc...... 3.1-4
3.1.2.1  Criterion 10 — Reactor Design .........cccceeveiiiiiiiinnnnnn. 3.1-4
3.1.2.2  Criterion 11 — Reactor Inherent Protection................ 3.1-5
3.1.2.3  Criterion 12 — Suppression of Reactor Power Oscillations
3.1-6
3.1.2.4  Criterion 13 — Instrumentation and Control ............... 3.1-6
3.1.2.5 Criterion 14 — Reactor Coolant Pressure Boundary .. 3.1-7
3.1.2.6  Criterion 15 — Reactor Coolant System Design......... 3.1-7
3.1.2.7  Criterion 16 — Containment Design ..................eeene. 3.1-8
3.1.2.8 Criterion 17 — Electrical Power Systems.................... 3.1-9
3.1.2.9 Criterion 18 — Inspection and Testing of Electric Power
SYSIEMS ... 3.1-10
3.1.2.10 Criterion 19 — Control ROOM...........cevviiieiiiiiiiieeeennn. 3.1-11
3.1.3 Protection and Reactivity Control Systems ..........cccccceevvvennnnn. 3.1-12
3.1.3.1  Criterion 20 — Protection System Functions............ 3.1-12
Tier 2 Revision 4 Page 3-i



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.1.4

3.1.3.2  Criterion 21 — Protection System Reliability and Testability
3.1-13
3.1.3.3  Criterion 22 — Protection System Independence..... 3.1-13
3.1.3.4  Criterion 23 — Protection System Failure Modes..... 3.1-15
3.1.3.5 Criterion 24 — Separation of Protection and Control
SYSIEMS... e 3.1-15
3.1.3.6  Criterion 25 — Protection System Requirements for
Reactivity Control Malfunctions...................cc.o..... 3.1-16
3.1.3.7  Criterion 26 — Reactivity Control System Redundancy and
Capability........coooiie 3.1-17
3.1.3.8  Criterion 27 — Combined Reactivity Control Systems
Capability........coooiii s 3.1-17
3.1.3.9  Criterion 28 — Reactivity LimitS..........cccccccennn. 3.1-18
3.1.3.10 Criterion 29 — Protection Against Anticipated Operational
OCCUITENCES ... 3.1-18
Fluid Systems ... 3.1-19
3.1.4.1  Criterion 30 — Quality of Reactor Coolant Pressure
Boundary ... 3.1-19
3.1.4.2  Criterion 31 — Fracture Prevention of Reactor Coolant
Pressure Boundary..........ccccooiiiiiiiiiiiiieeeee 3.1-19
3.1.4.3  Criterion 32 — Inspection of Reactor Coolant Pressure
Boundary ... 3.1-20
3.1.4.4  Criterion 33 — Reactor Coolant Makeup.................. 3.1-21
3.1.4.5 Criterion 34 — Residual Heat Removal.................... 3.1-22
3.1.4.6 Criterion 35 — Emergency Core Cooling.................. 3.1-23
3.1.4.7  Criterion 36 — Inspection of Emergency Core Cooling
SYStEM s 3.1-24
3.1.4.8 Criterion 37 — Testing of Emergency Core Cooling System
3.1-24
3.1.4.9 Criterion 38 — Containment Heat Removal System. 3.1-25
3.1.4.10 Criterion 39 — Inspection of Containment Heat Removal
SYSIEM . 3.1-25
3.1.4.11 Criterion 40 — Testing of Containment Heat Removal
SYSIEM 3.1-26
3.1.4.12 Criterion 41 — Containment Atmosphere Cleanup... 3.1-26
3.1.4.13 Criterion 42 — Inspection of Containment Atmosphere

Cleanup System .........cccueiiiiiiiiiiieiie s 3.1-27

Tier 2

Revision 4 Page 3-ii



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.1.4.14 Criterion 43 — Testing of Containment Atmosphere
Cleanup Systems ..........uueiiiiiiiiiiiiiieeee s 3.1-27
3.1.4.15 Criterion 44 — Cooling Water..........cccccccceeeiieeennnnen. 3.1-27
3.1.4.16 Criterion 45 — Inspection of Cooling Water System. 3.1-28
3.1.4.17 Criterion 46 — Testing of Cooling Water System ..... 3.1-28
3.1.5 Reactor Containment...........ccoooiiiiiiiiiiii e 3.1-29
3.1.5.1  Criterion 50 — Containment Design Basis ............... 3.1-29
3.1.5.2  Criterion 51 — Fracture Prevention of Containment
Pressure Boundary...........cccoovvviiiiiiiiiiiiiee e, 3.1-30
3.1.5.3  Criterion 52 — Capability for Containment Leakage Rate
TESHNG e 3.1-30
3.1.5.4  Criterion 53 — Provisions for Containment Testing and
INSPECHION ... 3.1-31
3.1.5.5 Criterion 54 — Piping Systems Penetrating Containment ..
3.1-31
3.1.5.6  Criterion 55 — Reactor Coolant Pressure Boundary
Penetrating Containment.................cccooiiiiiiiiiinnee. 3.1-32
3.1.5.7  Criterion 56 — Primary Containment Isolation.......... 3.1-32
3.1.5.8 Criterion 57 — Closed System Isolation Valves ....... 3.1-33
3.1.6 Fuel and Reactivity Control ..., 3.1-34
3.1.6.1  Criterion 60 — Control of Releases of Radioactive Materials
to the Environment ... 3.1-34
3.1.6.2 Criterion 61— Fuel Storage and Handling and Radioactivity
CoNtrol.....cco e 3.1-34
3.1.6.3  Criterion 62 — Prevention of Criticality in Fuel Storage and
HanNdliNg .......ovveeiii e 3.1-35
3.1.6.4  Criterion 63 — Monitoring Fuel and Waste Storage . 3.1-36
3.1.6.5 Criterion 64 — Monitoring Radioactivity Releases.... 3.1-36
317 REfEIrENCES ...ttt 3.1-37
3.2  Classification of Structures, Systems, and Components...................... 3.2-1
3.2.1 Seismic Classification..............oooevieiiiiiiiiiii e, 3.2-2
3.2.1.1  Seismic Category | .....cccoveeiiiiiiii e 3.2-3
3.2.1.2 Seismic Category Il ......ccccooiiiiiiiiiieiiieeeeeeee e 3.2-4
3.2.1.3 Radwaste SeiSMiC.......ccccueeeeieiieiiiiiieeeieee e 3.2-4
3.2.1.4  Conventional SeiSmIC.........ccccuuieeiiiiiiiiiiiieieeeeeeeeie 3.2-4

Tier 2

Revision 4 Page 3-iii



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.3

3.4

3.21.5  NON-SEISMIC....coiiiiiiiiiiiiieeeie e 3.2-5
3.2.2 System Quality Group Classification ............cccccoueiiiiiiiiiiennnnnn. 3.2-6
3.2.21  Quality Group A.. ..o 3.2-7
3.2.2.2 Quality Group B......ccooiieee 3.2-7
3.2.2.3 Quality Group C.....cooiiiiiiiiieee e 3.2-8
3.2.2.4 Quality Group D.....ccooiiiiiieeeeeeeee e 3.2-8
3.2.2.5 Quality Group E.....coooiee 3.2-9
3.2.3 REfEreNCES ....eeeeeiiee e 3.2-208
Wind and Tornado LOAdINGS .....eeeeeiiiiiiiiiieeeeiiiee e 3.3-1
3.3.1T Wind LoadingS.....cccvvviuiee i 3.3-1
3.3.1.1  Design Wind VeloCity .........ccueeiiiiiiiiiiiiiiiiiieeeeeeees 3.3-1
3.3.1.2 Determination of Applied Wind Forces...........c.......... 3.3-1
3.3.2 Tornado LOAdiNgS.......cuueiiiiiiiiaaiaeeieeee e 3.3-2
3.3.2.1  Applicable Tornado Design Parameters.................... 3.3-3
3.3.2.2 Determination of Tornado Forces on Structures ....... 3.3-3
3.3.2.3 Interaction of Non-Seismic Category | Structures with
Seismic Category | Structures........cccccceeveeeiiiiininnnns 3.3-4
3.3.3 REfErENCES ....uuviiiiiiiieieeeeeeeeee e 3.3-5
Water Level (FIood) DeSign............uvuuiiiiiiiieeeeeeeeeeeeeeee e 3.4-1
3.4.1 Internal Flood Protection ..............ueeiiiiiiiiiiiee 3.4-1
3.4.2 External Flood Protection ..o 3.4-3
3.4.3 Analysis of Flooding Events ... 3.4-4
3.4.3.1 Internal Flooding Events............ccoovv. 3.4-4
3.4.3.2 External Flooding Events ..o, 3.4-6
3.4.3.3 Reactor Building Flooding Analysis..........ccccccceeeveens 3.4-7
3.4.3.4 Safeguard Buildings Flooding Analysis..................... 3.4-9
3.4.3.5 Fuel Building Flooding Analysis .........ccccccciiiennnnnn. 3.4-13
3.4.3.6  Nuclear Auxiliary Building Flooding Analysis .......... 3.4-15
3.4.3.7 Radioactive Waste Building Flooding Analysis ....... 3.4-15
3.4.3.8 Emergency Power Generating Buildings Flooding Analysis
3.4-16

3.4.3.9 Essential Service Water Pump Buildings and Essential
Service Water Cooling Tower Structures Flooding
ANAIYSIS .o 3.4-16

Tier 2

Revision 4 Page 3-iv



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.5

3.6

3.4.3.10 Ultimate Heat Sink Makeup Water Intake Structure

Flooding Analysis ..........coovvmiiiiiiiiiiiieee e 3.4-16

3.4.3.11 Permanent Dewatering System..........ccccccccccceiinn. 3.4-16

3.4.4 Analysis ProCeAUIesS........cccccceeiiiiiiiiiiiiiiiiieeeeeee e 3.4-17
3.4.5 REfEreNCES ....uuuiiiiiee e 3.4-17
Missile ProteCtion ............oooeeeiiiiiie e 3.5-1
3.5.1 Missile Selection and Description...........cccceeeeeiiiiiiiiiiiiiiiiiii, 3.5-2

3.5.1.1 Internally Generated Missiles Outside Containment. 3.5-3

3.5.1.2 Internally Generated Missiles Inside Containment.... 3.5-6

3.5.1.3  Turbine MiISSIIES ..........coeiiiiiiiiiiieeieeee e 3.5-9
3.5.1.4 Missiles Generated by Tornadoes and Extreme Winds ....
3.5-10
3.5.1.5 Site Proximity Missiles (Except Aircraft)................. 3.5-10
3.5.1.6  Aircraft Hazards.............cccooiiiiiiiiieeeeeeeeee, 3.5-11
3.5.2 Structures, Systems, and Components to be Protected from
Externally Generated MiSSIles ... 3.5-11
3.5.3 Barrier Design Procedures ............ooooiiiiiiiiiiiiiiieeeeeeeee e 3.5-12
3.5.3.1  Local Damage Prediction ...............ceueeeeeiiiiiiiinnnnnnn. 3.5-13
3.5.3.2 Overall Damage Prediction .............cccccccevieeeeeeeenen. 3.5-16
3.5.3.3  Ductility Requirements for Missile Barriers.............. 3.5-17
3.5.4 REfEreNCES ....uuuiiiiiee e 3.5-18
Protection Against Dynamic Effects Associated with Postulated Rupture of
0T o PRSP 3.6-1
3.6.1 Plant Design for Protection Against Postulated Piping Failures in
Fluid Systems Outside of Containment...............cccooeriiiiiiiinnnnes 3.6-1
3.6.1.1  Design Basis .......cooeiiiiiiiiiiieiiee e 3.6-3
3.6.1.2  Protection Considerations ..........ccccccccvvieiiieeeieninnnnnn. 3.6-7
3.6.1.3 Failure Mode and Effects Analysis...............cccce... 3.6-10
3.6.1.4 ReferenCes.......ouuuueiiiiiiiieee e 3.6-11
3.6.2 Determination of Rupture Locations and Dynamic Effects Associated
with the Postulated Rupture of Piping .........ccccooviiiiiiiii, 3.6-21
3.6.2.1  Criteria Used to Define Break and Crack Location and
Configuration ..............eiiiiiiiiiie e 3.6-21
3.6.2.2 Guard Pipe Assembly Design Criteria..................... 3.6-30
3.6.2.3 Analytical Methods to Define Forcing Functions and
Response Models...........ccooeevieveiiiiiiiieiiieeeeeeee. 3.6-31

Tier 2

Revision 4 Page 3-v



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.6.2.4 Dynamic Analysis Methods to Verify Integrity and
Operability .......coovvveiecceee e 3.6-33
3.6.2.5 Implementation of Criteria Dealing with Special Features.
3.6-38
3.6.2.6 ReferenCes......ccccoooiiiiiiiiiiiii e 3.6-40
3.6.3 Leak-Before-Break Evaluation Procedures ...........ccccccvvneennnn.. 3.6-42
3.6.3.1  Application of Leak-Before-Break to the U.S. EPR . 3.6-42
3.6.3.2 Methods and Criteria............coevveeiviiiiiiicicie e 3.6-42
3.6.3.3 Potential Piping Failure Mechanisms....................... 3.6-43
3.6.3.4 Inputs for Leak-Before-Break Analysis.................... 3.6-50
3.6.3.5 General Methodology .........ccccuuviimiiiiiiiiiiiiiiieeeeeeee, 3.6-54
3.6.3.6 RESUIS .cooviiiiiiiieiieeeee e 3.6-70
3.6.3.7 Leak Detection ... 3.6-75
3.6.3.8 ReferenCes.......coiceiiiiiiieeieee 3.6-75
3.7  SeisMIC DESIGN......ccoiiieiieccce e 3.71
3.7.1 Seismic Design Parameters ... 3.7-3
3.7.1.1  Design Ground Motion ...........cccceeeeieiiiiiiiiiiiiiiniis 3.7-3
3.7.1.2 Percentage of Critical Damping Values................... 3.7-11
3.7.1.3  Supporting Media for Seismic Category | Structures ........
3.7-12
3.7.1.4 RefereNCeS ......ouuvvueiiiiiiiieee e 3.7-14
3.7.2 Seismic System AnalysiS...........uuuiviiiiiiiiiiieeeeeeeeeeeen 3.7-87
3.7.2.1  Seismic Analysis Methods............ccccvvvviiiciieeeneeee.n. 3.7-89
3.7.2.2 Natural Frequencies and Response Loads............. 3.7-92
3.7.2.3 Procedures Used for Analytical Modeling ............... 3.7-93
3.7.2.4  Soil-Structure Interaction............ccceeveeeeeeeiinnnnnnnn. 3.7-105
3.7.2.5 Development of Floor Response Spectra ............. 3.7-111
3.7.2.6 Three Components of Earthquake Motion ............ 3.7-115
3.7.2.7 Combination of Modal Responses .............ccccuuu.... 3.7-116
3.7.2.8 Interaction of Non-Seismic Category | Structures with
Seismic Category | Structures............ooovvvvvvvnnnnnnnn. 3.7-116
3.7.2.9 Effects of Parameter Variations on Floor Response
SPECHA ... 3.7-122
3.7.2.10 Use of Constant Vertical Static Factors................. 3.7-122

Tier 2

Revision 4 Page 3-vi



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.7.3

3.7.4

3.7.2.11 Method Used to Account for Torsional Effects...... 3.7-122
3.7.2.12 Comparison of ReSponses...........ccccvvveeeeeeeevnnnnnnn.. 3.7-123
3.7.2.13 Methods for Seismic Analysis of Category | Dams 3.7-123
3.7.2.14 Determination of Dynamic Stability of Seismic Category |
SHUCIUIES ... 3.7-123
3.7.2.15 Analysis Procedure for Damping.........ccccccceeeeeeennn. 3.7-123
3.7.2.16 ReferenCes.........oouuuuueiiiiiiiiiiieeeeeeeeeeeee 3.7-123
Seismic Subsystem AnalySiS.......ccccoeeeeieiiiiiiiiiiiien 3.7-291
3.7.3.1  Seismic Analysis Methods...............cooevvrriririnnnnnnnn. 3.7-291
3.7.3.2 Determination of Number of Earthquake Cycles... 3.7-296
3.7.3.3  Procedures Used for Analytical Modeling ............. 3.7-297
3.7.3.4 Basis for Selection of Frequencies........................ 3.7-299
3.7.3.5 Analysis Procedure for Damping.......ccccccccceeeeennnn. 3.7-299
3.7.3.6 Three Components of Earthquake Motion ............ 3.7-302
3.7.3.7 Combination of Modal Responses .............ccccuuu.... 3.7-303
3.7.3.8 Interaction of Non-Seismic Category | SSC .......... 3.7-306
3.7.3.9  Multiply-Supported Equipment and Components with
Distinct INputs........coviiiiii e, 3.7-308
3.7.3.10 Use of Equivalent Vertical Static Factors............... 3.7-309
3.7.3.11 Torsional Effects of Eccentric Masses .................. 3.7-310
3.7.3.12 Buried Seismic Category | Piping and Conduits.... 3.7-310
3.7.3.13 Methods for Seismic Analysis of Category | Concrete
DaMS e 3.7-311
3.7.3.14 Methods for Seismic Analysis of Aboveground Tanks......
3.7-311
3.7.3.15 References.........oouuuuiciiiiiiiiiiieeeeeeeeeeeee 3.7-311
Seismic Instrumentation ..., 3.7-313
3.7.4.1  Comparison with NRC Regulatory Guide 1.12...... 3.7-313
3.7.4.2 Location and Description of Instrumentation......... 3.7-313
3.7.4.3 Control Room Operator Notification ...................... 3.7-316
3.7.4.4 Comparison with Regulatory Guide 1.166............. 3.7-316
3.7.4.5 Instrument Surveillance............cccooiiiiiii. 3.7-318
3.7.4.6 Program Implementation.............cccccoeiiiiiiiiiiiennn. 3.7-319
3747 ReferenCes.....cccccooiiiiiiiiiiieeee e 3.7-319

Tier 2

Revision 4 Page 3-vii



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.8  Design of Category | StruCtures ..........ccccceeeeiiiiiiiiiiiiieeeee 3.8-1
3.8.1 Concrete Containment............coooiiiiiiiiiiiiiiieeeee e 3.8-2
3.8.1.1  Description of the Containment................ccccoeeeeeees 3.8-2
3.8.1.2 Applicable Codes, Standards, and Specifications..... 3.8-7
3.8.1.3 Loads and Load Combinations..............ccccuvucennnennn.. 3.8-9
3.8.1.4 Design and Analysis Procedures .............ccccceeeee. 3.8-16
3.8.1.5  Structural Acceptance Criteria...........cccccceeeeeeeeeeee.n. 3.8-28
3.8.1.6  Materials, Quality Control, and Special Construction
TechniQUeS.......ccooviie e, 3.8-28
3.8.1.7 Testing and Inservice Inspection Requirements ..... 3.8-34
3.8.2 Steel Containment...........coooriiii 3.8-36
3.8.2.1  Description of the Containment............................... 3.8-36
3.8.2.2 Applicable Codes, Standards, and Specifications... 3.8-40
3.8.2.3 Loads and Load Combinations............cccccceeeeeeeeennn. 3.8-42
3.8.2.4 Design and Analysis Procedures .........ccccccccceeeeeennn. 3.8-47
3.8.2.5  Structural Acceptance Criteria............ccccceeeeeeeeeee.n. 3.8-52
3.8.2.6  Materials, Quality Control, and Special Construction
TECNNIQUES ... 3.8-52
3.8.2.7 Testing and Inservice Inspection Requirements ..... 3.8-53
3.8.3 Concrete and Steel Internal Structures of Concrete Containment ....

3.8.4

3.8-54
3.8.3.1  Description of the Internal Structures..................... 3.8-54
3.8.3.2 Applicable Codes, Standards, and Specifications... 3.8-64
3.8.3.3 Loads and Load Combinations...........ccccccceeveeeennnnn. 3.8-67
3.8.3.4 Design and Analysis Procedures ........cccccccccceeeeennnn. 3.8-74
3.8.3.5  Structural Acceptance Criteria............ccccceeeeeeeeeee.. 3.8-83
3.8.3.6  Materials, Quality Control, and Special Construction
TECNNIQUES ... 3.8-84
3.8.3.7 Testing and Inservice Inspection Requirements ..... 3.8-88
Other Seismic Category | Structures.............eeevvvevviinnn. 3.8-89
3.8.4.1  Description of the Structures............ccccccceeeiiee 3.8-89
3.8.4.2 Applicable Codes, Standards, and Specifications... 3.8-96
3.8.4.3 Loads and Load Combinations..........ccccccevvveeeeennnn. 3.8-99
3.8.4.4 Design and Analysis Procedures ..........c.c..ccccoec.... 3.8-107

Tier 2

Revision 4 Page 3-viii



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.9

3.8.4.5 Structural Acceptance Criteria..............ooovvveiieennnn. 3.8-123
3.8.4.6 Materials, Quality Control, and Special Construction
TeChNIQUES ... 3.8-124
3.8.4.7 Testing and Inservice Inspection Requirements ... 3.8-125
3.8.5 FoundationS...........uciiiiiiiei e 3.8-125
3.8.5.1  Description of the Foundations...................ccee..... 3.8-125
3.8.5.2 Applicable Codes, Standards, and Specifications. 3.8-128
3.8.5.3 Loads and Load Combinations............cccccuuvvunnnnnn. 3.8-128
3.8.5.4 Design and Analysis Procedures ..............cccuuun..... 3.8-130
3.8.5.5  Structural Acceptance Criteria...........cccccvvueiennnn. 3.8-141
3.8.5.6  Materials, Quality Control, and Special Construction
TeChniQUES........oooeii e 3.8-144
3.8.5.7 Testing and Inservice Inspection Requirements ... 3.8-145
3.8.6 REfErenCeS .....evveiiiiiee i 3.8-146
Mechanical Systems and Components.............ccoeeviiiiiiiiiieieeeeeeeeeeee, 3.9-1
3.9.1 Special Topics for Mechanical Components .............ccccccoouu. 3.9-1
3.9.1.1  Design Transients ..........ccooevviiiiiiiiiiiiiie e 3.9-2
3.9.1.2 Computer Programs Used in Analyses................... 3.9-17
3.9.1.3 Experimental Stress Analysis..........cccccceevviiiiiennnnnn. 3.9-19
3.9.1.4 Considerations for the Evaluation of the Faulted Condition
3.9-19
3.9.1.5  ReferenCes.......ouuuiiiiiiiiie e 3.9-19
3.9.2 Dynamic Testing and Analysis of Systems, Components, and
EQUIpMENT ..o 3.9-22
3.9.2.1  Piping Vibration, Thermal Expansion, and Dynamic Effects
3.9-24
3.9.2.2 Seismic Analysis and Qualification of Seismic Category |
Mechanical Equipment............ccccoieiiiiiiiii 3.9-27
3.9.2.3 Dynamic Response Analysis of Reactor Internals Under
Operational Flow Transients and Steady-State Conditions
3.9-29
3.9.2.4 Preoperational Flow-Induced Vibration Testing of Reactor
INterNalS.....ooveee 3.9-31
3.9.2.5 Dynamic System Analysis of the Reactor Internals Under
Faulted Conditions ...........ccoooiiiiiiiiiiiiee 3.9-34

Tier 2

Revision 4 Page 3-ix



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.9.3

3.94

3.9.5

3.9.6

3.9.2.6 Correlations of Reactor Internals Vibration Tests with the

Analytical ReSUltS ..o, 3.9-35
3.9.27 RefereNCeS .....couuuieeeiiiiieeeeee e 3.9-35
ASME Code Class 1, 2, and 3 Components, Component Supports,
and Core Support Structures...........oooeevveeeeiiiiiiiceieeeeeeeeeeee 3.9-37
3.9.3.1 Loading Combinations, System Operating Transients, and
Stress LimitS......oooeeiiiiiiiiie e 3.9-39
3.9.3.2 Design and Installation of Pressure-Relief Devices 3.9-43
3.9.3.3 Pump and Valve Operability Assurance.................. 3.9-44
3.9.3.4 Component SUPPOMS ......coeeeieiiiiiiie e 3.9-45
3.9.35 ReferenCes........uciiiiiiieieee e 3.947
Control Rod Drive System............oviiiiiiiiiiiiiiieeee, 3.9-62
3.9.4.1  Descriptive Information of CRDS ............................ 3.9-62
3.9.4.2 Applicable CRDS Design Specifications ................. 3.9-66
3.9.4.3 Design Loads, Stress Limits, and Allowable Deformations
3.9-66
3.9.4.4 CRDS Operability Assurance Program ................... 3.9-67
3.9.45 ReferenCes.......ouuuciiiiiiiii e 3.9-69
Reactor Pressure Vessel Internals.............ccooooivieiiiiiiiiininnnn, 3.9-72
3.9.5.1  Design Arrangements...........ccccoeeeeveiiiiiiieiiiiiiee e 3.9-73
3.9.5.2 Loading Conditions...........cccciuimiiiiiiiiiiiiieeeeeee e 3.9-79
3.9.5.3 Design Bases ..o 3.9-80
3.9.54 BWR Reactor Pressure Vessel Internal Including Steam
DY e 3.9-82
3.955 ReferenCes.......ociiiiiiiieee e 3.9-82
Functional Design, Qualification, and Inservice Testing Programs for
Pumps, Valves, and Dynamic Restraints ...............cccccennnes 3.9-93
3.9.6.1  Functional Design and Qualification of Pumps, Valves,
and Dynamic Restraints .........cccccociiiiines 3.9-97
3.9.6.2 Inservice Testing Program for Pumps................... 3.9-100
3.9.6.3 Inservice Testing Program for Valves ................... 3.9-101

3.9.6.4 Inservice Testing Program for Dynamic Restraints3.9-111

3.9.6.5 Relief Requests and Alternative Authorizations to the OM
GO 3.9-114

3.9.6.6 RefEIrENCES ..o 3.9-115

Tier 2

Revision 4 Page 3-x



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.10 Seismic and Dynamic Qualification of Mechanical and Electrical Equipment

3.11

3.10-1
3.10.1 Seismic Qualification Criteria............ccccooveieriiiiiiiien 3.10-4
3.10.1.1 Qualification Standards .............coooiiiiiiiiinineee. 3.10-4
3.10.1.2 Performance Requirements for Seismic Qualification.......
3.10-6
3.10.1.3 Acceptance Criteria.........ccceeeeeeieiiiiiiicccee e 3.10-6
3.10.1.4  InpUt MOLION.....oviiieiiee e 3.10-6
3.10.2 Methods and Procedures for Qualifying Mechanical, Electrical and
[&C EQUIPMENT ..o 3.10-6
3.10.2.1 Seismic Qualification of Electrical Equipment and
Instrumentation..............ccocceee i, 3.10-9
3.10.2.2 Seismic Qualification of Active Mechanical Equipment.....
3.10-9
3.10.2.3 Seismic Qualification of Non-Active Mechanical
Equipment ..., 3.10-10
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
3.10.5 REfErENCES .....vvnieeeeee e 3.10-13
Environmental Qualification of Mechanical and Electrical Equipment 3.11-1
3.11.1 Equipment Identification and Environmental Conditions ......... 3.11-2
3.11.1.1 Equipment Identification...............cccciieeenn 3.11-2
3.11.1.2 Definition of Environmental Conditions ................... 3.11-6
3.11.1.3 Equipment Operability TImes ...........cccccccveiiiieeeeeee.n. 3.11-8
3.11.2 Qualification Tests and Analysis..........cccccvviiiiiiiiiiiiiiiieeeeeeee, 3.11-8

3.11.2.1 Environmental Qualification of Electrical Equipment3.11-8
3.11.2.2 Environmental Qualification of Mechanical Equipment .....

3.11-10
3.11.2.3 Justification for Using Latest IEEE Standards Not
Endorsed by a RG.......oooiiiiiiiiii 3.11-16
3.11.3 Qualification Test ReSults.........cccooviviiiiiiiiiiiiiiieeieeeeee, 3.11-20
3.11.4 Loss of Ventilation ..., 3.11-20
3.11.5 Estimated Chemical and Radiation Environment................... 3.11-21
3.11.5.1 Chemical Environments ............c.ccoovvrrieiiiiiiinnnnnn. 3.11-21
3.11.5.2 Radiation Environments ..............cccevieiiiiviiiiinnnnn. 3.11-21

Tier 2

Revision 4 Page 3-xi



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.12

3.11.6 Qualification of Mechanical Equipment .................ccceeeeinnn. 3.11-22
317 REfErENCES .. 3.11-22
ASME Code Class 1, 2, and 3 Piping Systems, Piping Components, and
their Associated SUPPOIS ......coooiiiiiiiie e 3.12-1
3121 INtrodUCHION ... 3.12-1
3.12.2 Codes and Standards............ooooviiiiiiiiiiiiiiee e 3.12-1
3.12.3 Piping Analysis Methods ... 3.12-1
3.12.3.1 Experimental Stress Analysis Methods................... 3.12-1
3.12.3.2 Modal Response Spectrum Method........................ 3.12-1
3.12.3.3 Response Spectra Method (or Independent Support
Motion Method) ......coooviiiiiiiiiie 3.12-1
3.12.3.4 Time History Method ...........c.ccuumiiiiiiiiii, 3.12-2
3.12.3.5 Inelastic Analysis Method..............coeiiiiiiiiiin, 3.12-2
3.12.3.6 Small Bore Piping Method...............ooeveviiiiiiiinnnn. 3.12-2
3.12.3.7 Non-Seismic/Seismic Interaction (II/1) .................... 3.12-2
3.12.3.8 Seismic Category | Buried Piping.........ccccceeveeeeee.n. 3.12-2
3.12.4 Piping Modeling Techniques ............ccccciiiiiiiiiiiiieeeeeeeee 3.12-2
3.12.4.1 Computer Codes .......ccooviiiieriiiiiiiii e 3.12-2
3.12.4.2 Dynamic Piping Model...........ccccuuviiiiiiiiiiiiiiiiie, 3.12-2
3.12.4.3 Piping Benchmark Program .............ccccooevviiiieeennnn, 3.12-3
3.12.4.4 Decoupling Criteria............cccooummmmmiiiiiiiiieeeeeeeeeeeee 3.12-3
3.12.5 Piping Stress Analyses Criteria ...........ccccuvviiiiiiiieiiiiiiiiieeeeeeen 3.12-3
3.12.5.1 Seismic Input Envelope versus Site-Specific Spectra.......
3.12-3
3.12.5.2 Design Transients ..........cccccuvvmmimmiiiiiiieeieieeeeeeeeeeee 3.12-3
3.12.5.3 Loadings and Load Combinations........................... 3.12-3
3.12.5.4 Damping Values..........ccooeviiiiiiiiiieieiiiee e 3.12-3
3.12.5.5 Combination of Modal Responses ..........cccccceeeene.. 3.12-4
3.12.5.6 High-Frequency Modes...........cccuuviiiiiiiiiiiiiiieennnennn. 3.12-4

3.12.5.7 Fatigue Evaluation for ASME Code Class 1 Piping. 3.12-4
3.12.5.8 Fatigue Evaluation of ASME Code Class 2 and 3 Piping..

3.12-4
3.12.5.9 Thermal Oscillations in Piping Connected to the Reactor
Coolant System ............uuuiiiiiiiiiiiii s 3.12-4
3.12.5.10 Thermal Stratification .............ccccvviiiiiiii, 3.12-6

Tier 2

Revision 4 Page 3-xii



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.12.5.11 Safety Relief Valve Design, Installation, and Testing........

3.12-8
3.12.5.12 Functional Capability ..........cccccummmiiiiiiiin 3.12-8
3.12.5.13 Combination of Inertial and Seismic Anchor Motion Effects
3.12-8
3.12.5.14 Operating Basis Earthquake as a Design Load ...... 3.12-9
3.12.5.15 Welded Attachments ..., 3.12-9
3.12.5.16 Modal Damping for Composite Structures .............. 3.12-9
3.12.5.17 Minimum Temperature for Thermal Analyses ......... 3.12-9
3.12.5.18 Intersystem Loss-of-Coolant Accident..................... 3.12-9
3.12.5.19 Effects of Environment on Fatigue Design.............. 3.12-9
3.12.6 Piping Support Design Criteria ..........cccoevieeeeeeeeiieeieeennn 3.12-9
3.12.6.1 Applicable Codes ..........coovrmiiiiiiiiiiiiccee e 3.12-9
3.12.6.2 Jurisdictional Boundaries ..........ccccovvvvveiiiiinninnnnn. 3.12-10
3.12.6.3 Loads and Load Combinations...........cccccceeeeeeernnn. 3.12-10
3.12.6.4 Pipe Support Baseplate and Anchor Bolt Design.. 3.12-10
3.12.6.5 Use of Energy Absorbers and Limit Stops ............ 3.12-10
3.12.6.6 Use of Snubbers...........ccoooiiiiiiiiiiiieeee, 3.12-10
3.12.6.7 Pipe Support Stiffnesses..........cccevvriiiiiiiiiiciiennn. 3.12-10
3.12.6.8 Seismic Self-Weight Excitation............ccccccccceeeenn. 3.12-10
3.12.6.9 Design of Supplementary Steel..........cccccovvvvnnnnnnnn. 3.12-10
3.12.6.10 Consideration of Friction Forces .........ccccccccceennnn. 3.12-10
3.12.6.11 Pipe Support Gaps and Clearances...................... 3.12-10
3.12.6.12 Instrumentation Line Support Criteria.................... 3.12-11
3.12.6.13 Pipe Deflection LIiMitS.........cccooeeeeiiiiiiiiiiinn 3.12-11
3127 REfEIENCES ... 3.12-11
3.13 Threaded Fasteners (ASME Code Class 1, 2, and 3)...........ccevveeeeeen. 3.13-1
3.13.1 Design Considerations ...............ouvvuiiiiiiiiieeeeeeeeeeeeeeen 3.13-2
3.13.1.1 Materials Selection.............ccccciiiiiiiiiiiiiiiiieeee, 3.13-2
3.13.1.2 Special Materials Fabrication Processes and Special
CONtrOIS ... 3.13-2
3.13.1.3 Fracture Toughness Requirements for Threaded
Fasteners Made from Ferritic Materials................... 3.13-3
3.13.1.4 Pre-Service Inspection Requirements..................... 3.13-3

Tier 2

Revision 4 Page 3-xiii



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3A

3B
3C

3.13.1.5 Certified Material Test Reports........ccccccceeeiieeeennnn. 3.13-3
3.13.2 Inservice Inspection Requirements ...........ccccceeeeeeeviviiieeeeeeenne. 3.134
3133 REfEIENCES ...t 3.13-4
Criteria for Distribution System Analysis and Support...........cccccoooe.. 3A-1
3A.1T Piping and SUPPOMS .......oooiiiiiiiiee e 3A-1
3A.2 Heating, Ventilation, and Air Conditioning Ducts and Supports .3A-1

3A.2.1 Codes and Standards............coeeeeeeiiiiiiiiiiiiien 3A-1

3A.2.2  HVAC DUCIWOIK ..ottt 3A-2
3A.2.3 HVAC Duct Supports and Restraints .............ccccc....... 3A-3
3A.2.4  Design and AnalySiS........cccccuiiriiiiiiiiiiiiiiiieee s 3A-4
3A.2.5 Other Criteria.......ccuuueieeiiiiieeiieee e 3A-6
3A.3 Cable Tray, Conduit, and SUppOrts ...........ccceeevrivrereeiiiiicceeeenn. 3A-7
3A.3.1  Codes and Standards............cceeeeeeeeiiiieeeeeeeeeeeeeenins 3A-7
BA.3.2  LOAUS...iiiiiiiiiiie e 3A-7
3A.3.3 Load Combinations ........cccceeeieeiiiiiiiiieeii e 3A-8
3A.3.4  Allowable Stress Criteria........cccccveeviiiiiiiieeeeeeieiiiis 3A-8
3A.3.5  DamPing ...ccooooiiiiiiiiiii s 3A-8
3A.3.6  SeismiC ANAlYSIS .....cccoiiiiiiiiiiiiiiee e 3A-8
BA 4 REfErENCES ....uuniiiiiiiiieeeeeeeeeee e 3A-12
Dimensional Arrangement DrawingsS..........ccoouviiiiiieiieiiiiiee e 3B-1
Reactor Coolant System Structural Analysis Methods.......................... 3C-1
3C.1 Hydraulic Model Development.............cooooiiiiiiiiiiiiiiieeeeeeeeeee 3C-1

3C.1.1  Reactor Coolant System Four Loop Hydraulic Model 3C-1
3C.1.2  Steam Generator Secondary Side Hydraulic Model...3C-5
3C.1.3 Reactor Pressure Vessel Isolated Hydraulic Model ...3C-6
3C.1.4  Asymmetric Cavity Pressure Hydraulic Model ........... 3C-7

3C.2 Structural Model Development .........cccooiviiiiiiiiiiiiiiee, 3C-7
3C.2.1  Reactor Coolant System Four Loop Structural Model 3C-8

3C.2.2 Reactor Pressure Vessel Isolated Structural Model.3C-12

3C.3 Hydraulic Loading ANalySes ..........cuuvuuuiiiiiiieeeeeeeeeeeeeeeeeeiiviiaanns 3C-13
3C.3.1  Thrust Loading ......cuvvuuiiiiieiiiieeeeeeeeeeeee e 3C-14
3C.3.2 JetImpingement Loading...........coooovmmmmiiiiiiiiiceeeenn. 3C-14
3C.3.3 System Internal Pressure Waves............cccccceeeeennn.. 3C-15

Tier 2

Revision 4 Page 3-xiv



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3D

3C.3.4 Asymmetric Cavity Pressure Wave Loading ............ 3C-17
3C.4 Structural Loading AnalysSiS...........ouuuiiieiiiiieeieeeeeeeeeeeeeeeeiiiiaaens 3C-18
3C.4.1  StaticLoading.........euvuiiiiiieiiiiiiiiiiee 3C-19
3C.4.2 Dynamic Loading..........cccccoummmmmmimiiiiiiiiieeeceeee e 3C-20
3C.4.3 Load Combinations ........cccceeeeeeeiiiiiieiiie e 3C-27
3C.5 Amplified Response Spectra Generation .............cccccoevvvvinnnnns 3C-27
3C.6 Description of Computer Programs ...........ccccccvviiiiiieeiiiieennennnn. 3C-27
3C.7 REfErENCES ...t 3C-29
Methodology for Qualifying Safety-Related Electrical and Mechanical
EQUIPMENT . 3D-1
3D PUIMPOSE ...ttt e e s 3D-1
0TI Yoo o1 3D-1
3D.3  INtrodUCHION ... 3D-1
3D.4 Qualification Criteria............ooovvvieiiiiiiiei e 3D-2
3D.4.1  Qualification GUIdeS .......cccceeveeieeeiiiiieieiee 3D-2
3D.4.2  DefinitioNS.......cccoeiiiiiiiiii e 3D-2
3D.4.3  Mild versus Harsh Environments...........ccccccceeeiieeennnnn. 3D-4
3D.4.4  TesSt SEQUENCE .......euvvveiiiieeeeeeee e 3D-4
BD4.5  AQING e 3D-5
3D.4.6  Operability TIMe ..o 3D-9
3D.4.7  Performance Criterion ..........cccccoeeeivveeiiiiiiiiiiceeeeeennn 3D-9
3D.4.8  Margin ....cooeeeiiiiei e 3D-10
3D.49 Treatment of Failures ............ccooiiiiiic 3D-10
3D.4.10 Traceability .........coooiiiiiiiiiee e 3D-10
3D.5 Design Specifications ............oooovimiiiiiiiiiiiii e 3D-10
3D.5.1  Normal Operating Conditions...........cccccceeeeeiieennnnnnn. 3D-10
3D.5.2  Abnormal Operating Conditions .............cccccceeeeieennn.. 3D-11
3D.5.3  SeISMIC....cciiiiiiiieeece e 3D-11
3D.5.4 Containment Test Environment............................ 3D-11
3D.5.5 Design Basis Event Conditions ..........cccccceeiiiinnnnn. 3D-11
3D.6 Qualification Methods ...........coooeeiiiiiiiiiiii e 3D-12
3D.6.1  Type Test .o 3D-13
3D.6.2  ANAIYSIS oottt 3D-14
3D.7 Equipment Qualification Maintenance Requirements............... 3D-16

Tier 2

Revision 4 Page 3-xv



U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR

3D.7.1  Operating EXperience............cccceevvveeeeiieeiiinniciieeeennn. 3D-17
3D.7.2  On-Going Qualification ............cccceeeeiiiiieiiiiiniinnn. 3D-18
3D.7.3 Combinations of Methods.............cooiiiiiiiii. 3D-18
3D.8 Documentation .........ccoooeiiiiiiiiieeee e 3D-19
3D.8.1  Equipment Qualification Data Package..................... 3D-19
3D.8.2 Equipment Qualification Test Reports...................... 3D-19
3D.8.3 Qualification Maintenance Requirements................. 3D-19
3D.9 REfErENCES ....uvueiiiie e 3D-19
3D Attach A Sample Equipment Qualification Data Package (EQDP)3D-40
3D Attach BAging Evaluation Program .............ccccciiiiiiiiiiiiiiiiiceeeeen 3D-83
B.1 INtrodUCHION.....eeeee e 3D-83
B.2 ODbJECHIVES....cceeeeeeeee e 3D-83
B.3 Basic Approach ... 3D-83
B.4 Safety-Related Electrical Equipment Located in a Harsh
LOCAtION ... 3D-83
B.5 Safety-Related Electrical Equipment Located in a Mild
LOCAtiON ... ..o 3D-85
3D Attach CEffects of Gamma Radiation Doses Below 10* Rads on the
Mechanical Properties of Materials ... 3D-87
CA1 INtrodUCHION ... 3D-87
C.2 S ToTo] o1 3D-87
C.3 DISCUSSION ...t 3D-87
C4 RESUILS ... 3D-88
C.5 References........oooo oo 3D-88
3D Attach DAccelerated Thermal Aging Parameters.......................... 3D-89
D.1 INtrOdUCHION ... 3D-89
D.2 Arrhenius Equation............iiiiiii s 3D-89
D.3 Activation Energy ... 3D-89
D.4 Thermal Aging (Normal/Abnormal Operating Conditions).
3D-91
D.5 ReferenCes ... 3D-92
3D Attach ESeismic Qualification Techniques ............ccccvvveeeieiiiennen.... 3D-94
E.A PUIPOSE ... 3D-94
E.2 DefinitioNS......coooe e 3D-94

Tier 2 Revision 4 Page 3-xvi



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3E

E.3
E.4
E.5
E.6
E.7
E.8
E.9Q
E.10

Seismic Qualification Methods .............oovvviiiiiinnnnn. 3D-95
Requirements........ccoooiiiiiiii e, 3D-97
Qualification by Test..........cccvvviiiiiiis 3D-98
Qualification by Analysis ........cccccociiiiiiis 3D-103
Qualification by Similarity .........ccccccoeeeiiiiiiiiiiins 3D-107
Deleted..... .o 3D-107
Performance Criteria...........cooveeiiiiiiiiiiieeeeee 3D-107
References ... 3D-108

3D Attach FSample Seismic Qualification Data Package (SQDP)....3D-109
Design Details and Critical Sections for Safety-Related Category |

SHTUCIUIES ... e 3E-1
3E.1 Nuclear Island Structures ...........coooooeiiiiiiiiiiiee e 3E-5
3E.1.1 Reactor Containment Building—Wall to Foundation

CoNNECHION ..o 3E-10
3E.1.2  Reactor Containment Building—Equipment Hatch Area...
3E-12
3E.1.3  Reactor Containment Building—Typical Cylinder Wall and
BUIESS .o, 3E-14
3E.1.4  Reactor Building Internal Structures—Steam Generator
and Reactor Coolant Pump Support and Typical Cavity
WAl oo 3E-16
3E.1.5 Reactor Building Internal Structures—Pressurizer Support
and Typical Cavity Wall...........cccooiiiiis 3E-20
3E.1.6  Reactor Building Internal Structures—Operating Floor
AT ... 3E-21
3E.1.7  Reactor Shield Building — Connection of FB and SB 2 and
3 Roofs to RSB Walll...........ouvviiiiiiiiiiiiiiiieeeeeeeecceee 3E-23
3E.1.8  Safeguard Buildings—Walls Below Grade............... 3E-25
3E.1.9  Foundation of Nuclear Island Buildings and Base Slab of
the RB Internal Structures............ccccceeeiiiiiiiiinnnnnn. 3E-28
3E.2 Emergency Power Generating Buildings...........c.ccoovvvvviinnnnnnn. 3E-177
3E.2.1 Basemat Foundation ............cccccoeiiiiin 3E-180
3E.2.2  Typical Wall at Column Line 11........cccccvviiiiinnnn. 3E-181
3E.2.3 Reinforced Concrete Slab and Composite Beams at
Elevation 51 ft =6 in.....ooooeeiiiiiiie 3E-182
3E.3 Essential Service Water Buildings.............ccccuuiiiiiiiin. 3E-207

Tier 2

Revision 4 Page 3-xvii



U.S. EPR FINAL SAFETY ANALYSIS REPORT

Eri

3E.3.1  Basemat Foundation at Elevation -16 ft — 0 in (Top of

CONCrete)....cocoeeeeeeeec e 3E-209
3E.3.2 ShearWallat Column Line 4........coooveveeviiieiiaann. 3E-210
3E.3.3 Fan Deck Slab at Elevation 63ft—0in.................. 3E-212

Tier 2 Revision 4 Page 3-xviii



	Chapter 3— design of Structures, Components, Equipment AND SYSTEMS Table of Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




