
U.S. EPR FINAL SAFETY ANALYSIS REPORT
CHAPTER 4—REACTOR
TABLE OF CONTENTS

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
4.2.1.1 Cladding .................................................................... 4.2-2

4.2.1.2 Fuel Material.............................................................. 4.2-4

4.2.1.3 Fuel Rod Performance .............................................. 4.2-4

4.2.1.4 HMP End Grids and HTP Intermediate Grids............ 4.2-5

4.2.1.5 Fuel Assembly Structural and Thermal-Hydraulic 
Design ....................................................................... 4.2-7

4.2.1.6 Rod Cluster Control and Neutron Source 
Assemblies .............................................................. 4.2-11

4.2.1.7 Surveillance Programs ............................................ 4.2-14

4.2.2 Description and Design Drawings ........................................... 4.2-14
4.2.2.1 Fuel Assembly Description ..................................... 4.2-14

4.2.2.2 Spacer Grids Description ........................................ 4.2-15

4.2.2.3 Quick Disconnect Mechanism Description .............. 4.2-16

4.2.2.4 Top Nozzle Assembly Description........................... 4.2-16

4.2.2.5 Holddown Springs Description ................................ 4.2-17

4.2.2.6 Bottom Nozzle Description ...................................... 4.2-17

4.2.2.7 MONOBLOCTM Guide Tubes Description ............... 4.2-17

4.2.2.8 Fuel Rods Description ............................................. 4.2-18

4.2.2.9 Rod Cluster Control Assemblies Description .......... 4.2-19

4.2.2.10 Stationary Control Component Assemblies 
Description .............................................................. 4.2-20

4.2.3 Design Evaluation.................................................................... 4.2-22
4.2.3.1 Cladding .................................................................. 4.2-22

4.2.3.2 Fuel ......................................................................... 4.2-27
Tier 2  Revision  0  Page 4-i



U.S. EPR FINAL SAFETY ANALYSIS REPORT
4.2.3.3 Fuel Rod Performance ............................................ 4.2-28

4.2.3.4 Spacer Grids Evaluation.......................................... 4.2-30

4.2.3.5 Fuel Assembly Design Evaluation .......................... 4.2-31

4.2.3.6 Reactivity Control, Neutron Source, and Thimble 
Plug Assemblies...................................................... 4.2-41

4.2.4 Testing and Inspection Plan .................................................... 4.2-44
4.2.4.1 Operating Experience.............................................. 4.2-44

4.2.4.2 Fuel Assembly Prototype Testing............................ 4.2-47

4.2.4.3 Fuel Assembly Component Testing ........................ 4.2-49

4.2.4.4 Testing and Inspection of New Fuel ........................ 4.2-51

4.2.4.5 On-Line Fuel System Monitoring............................. 4.2-52

4.2.4.6 Postirradiation Surveillance..................................... 4.2-52

4.2.5 References .............................................................................. 4.2-53
4.3 Nuclear Design..................................................................................... 4.3-1

4.3.1 Design Bases ............................................................................ 4.3-1
4.3.1.1 Fuel Burnup............................................................... 4.3-2

4.3.1.2 Negative Reactivity Feedbacks (Reactivity 
Coefficient) ................................................................ 4.3-3

4.3.1.3 Core Design Lifetime................................................. 4.3-3

4.3.1.4 Fuel Replacement Program ...................................... 4.3-3

4.3.1.5 Reactivity Coefficients ............................................... 4.3-4

4.3.1.6 Control of Power Distribution..................................... 4.3-4

4.3.1.7 Maximum Controlled Reactivity Insertion Rate ......... 4.3-5

4.3.1.8 Shutdown Margins..................................................... 4.3-5

4.3.1.9 Stability...................................................................... 4.3-6

4.3.2 Description................................................................................. 4.3-7
4.3.2.1 Nuclear Design Description....................................... 4.3-7

4.3.2.2 Power Distribution ................................................... 4.3-10

4.3.2.3 Reactivity Coefficients ............................................. 4.3-20

4.3.2.4 Control Requirements ............................................. 4.3-23

4.3.2.5 Control Rod Patterns and Reactivity Worths........... 4.3-28

4.3.2.6 Criticality of Reactor During Refueling .................... 4.3-29

4.3.2.7 Stability.................................................................... 4.3-29
Tier 2  Revision  0  Page 4-ii



U.S. EPR FINAL SAFETY ANALYSIS REPORT
4.3.2.8 Vessel Irradiation..................................................... 4.3-31

4.3.3 Analytical Methods .................................................................. 4.3-32
4.3.3.1 Analytical Methodology Summary ........................... 4.3-32

4.3.3.2 Validation................................................................. 4.3-35

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
4.4.1.1 Departure from Nucleate Boiling Design Basis ......... 4.4-1

4.4.1.2 Fuel Temperature Design Basis................................ 4.4-2

4.4.1.3 Core Flow Design Basis ............................................ 4.4-2

4.4.1.4 Hydrodynamic Stability Design Basis ....................... 4.4-3

4.4.1.5 Additional Considerations.......................................... 4.4-3

4.4.2 Description of Thermal-Hydraulic Design of the Reactor Core.. 4.4-3
4.4.2.1 Summary Comparison .............................................. 4.4-3

4.4.2.2 Critical Heat Flux Ratios............................................ 4.4-3

4.4.2.3 Linear Heat Generation Rate .................................... 4.4-4

4.4.2.4 Void Fraction Distribution .......................................... 4.4-4

4.4.2.5 Core Coolant Flow Distribution.................................. 4.4-4

4.4.2.6 Core Pressure Drops and Hydraulic Loads .............. 4.4-4

4.4.2.7 Correlations and Physical Data ................................. 4.4-5

4.4.2.8 Thermal Effects of Operational Transients................ 4.4-7

4.4.2.9 Uncertainties in Estimates......................................... 4.4-8

4.4.2.10 Flux Tilt Considerations............................................. 4.4-9

4.4.3 Description of the Thermal and Hydraulic Design of the Reactor 
Coolant System ....................................................................... 4.4-10
4.4.3.1 Plant Configuration Data ......................................... 4.4-10

4.4.3.2 Operating Restrictions on Pumps............................ 4.4-10

4.4.3.3 Power-Flow Operating Map (BWR)......................... 4.4-10

4.4.3.4 Temperature-Power Operating Map (PWR)............ 4.4-10

4.4.3.5 Load-Following Characteristics ............................... 4.4-11

4.4.3.6 Thermal and Hydraulic Characteristics Summary 
Table ....................................................................... 4.4-11

4.4.4 Evaluation................................................................................ 4.4-11
Tier 2  Revision  0  Page 4-iii



U.S. EPR FINAL SAFETY ANALYSIS REPORT
4.4.4.1 Critical Heat Flux..................................................... 4.4-11

4.4.4.2 Core Hydraulics ...................................................... 4.4-13

4.4.4.3 Influence of Power Distributions ............................. 4.4-14

4.4.4.4 Core Thermal Response ......................................... 4.4-15

4.4.4.5 Analytical Methods ................................................. 4.4-15

4.4.5 Testing and Verification ........................................................... 4.4-18
4.4.5.1 Tests Prior to Initial Criticality .................................. 4.4-18

4.4.5.2 Initial Power and Plant Operation............................ 4.4-18

4.4.5.3 Component and Fuel Inspections............................ 4.4-18

4.4.6 Instrumentation Requirements ................................................ 4.4-19
4.4.6.1 Fixed Incore Instrumentation................................... 4.4-19

4.4.6.2 Aeroball Measurement System ............................... 4.4-20

4.4.6.3 Excore Neutron Instrumentation.............................. 4.4-21

4.4.6.4 Low DNBR I&C Functions ....................................... 4.4-22

4.4.6.5 High Linear Power Density Functions ..................... 4.4-23

4.4.6.6 Loose Parts Monitoring System .............................. 4.4-24

4.4.7 References .............................................................................. 4.4-24
4.5 REACTOR MATERIALS ...................................................................... 4.5-1

4.5.1 Control Rod Drive System Structural Materials ......................... 4.5-1
4.5.1.1 Materials Specifications............................................. 4.5-1

4.5.1.2 Austenitic Stainless Steel Components..................... 4.5-2

4.5.1.3 Other Materials ......................................................... 4.5-3

4.5.1.4 Cleaning and Cleanliness Control ............................. 4.5-3

4.5.2 Reactor Internals and Core Support Materials .......................... 4.5-3
4.5.2.1 Materials Specifications............................................. 4.5-4

4.5.2.2 Controls on Welding ................................................. 4.5-4

4.5.2.3 Nondestructive Examination...................................... 4.5-4

4.5.2.4 Fabrication and Processing of Austenitic Stainless 
Steel Components .................................................... 4.5-4

4.5.2.5 Other Materials.......................................................... 4.5-5

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
Tier 2  Revision  0  Page 4-iv



U.S. EPR FINAL SAFETY ANALYSIS REPORT
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 Systems . 4.6-5
4.6.5 Evaluation of Combined Performance....................................... 4.6-6
4.6.6 References ............................................................................... 4.6-7
Tier 2  Revision  0  Page 4-v



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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


