


Contents

1.BasicPhysicsoftheAtomandtheNucleus

1.1.TheNuclearAtom1

1.2.TheStructureoftheAtom1

1.3.Radioactivity4

1.3.1,a,β,andyEmission4

1.3.2.TheSystematicsofRadioactiveDecay....8

1.4.MassDefectandBindingEnergy11

1.5.InteractionsofNeutronswiththeNucleus....17

1.6.CrossSectionsforNeutronReactions20

1.7.CrossSectionsofParticularImportanceinReactorPhysics.29

1.8.ExperimentalTechniques34

1.8.1.NeutronSources35

1.8.2.DetectionofChargedParticlesandyRays...37

1.8.3.NeutronDetectors43

2.NuclearFissionandtheNuclearChainReaction

2.1.NatureoftheFissionProcess51

2.2.TheProductsofFission55

2.3.EnergyReleaseinFission58

2.4.TheNuclearChainReaction60

2.5.TheRoleofPlutoniuminNuclearReactors....68

2.6.NuclearCrossSectionsoftheFissileIsotopes....72

3.ElementsofNuclearReactorTheory

3.1.TheNeutronEnergySpectruminaNuclearReactor..77

3.2.TheSpatialDependenceoftheNeutronFluxinaReactor.87

3.2.1.One-GroupMethod90

3.2.2.Two-GroupMethod98

3.3.TheHeterogeneousReactor100

3.4.ReactorKineticsandControl102

3.4.1.KineticsoftheReactorwithoutFeedback...102

3.4.2.ReactivityEffectsArisingfromPowerOperation..Ill

3.4.3.FissionProductPoisoning117

4.NuclearFuelsandTheirCharacteristics

4.1.NuclearPropertiesofFissileMaterials125

4.2.BuildupofPlutoniuminaNaturalUraniumReactor..129

4.3.TheTh232-U233FuelCycle138

4.4.AspectsofFuelManagementinThermalReactors...141



5.MaterialsProblemsforNuclearReactors

5.1.EffectsofIrradiationonReactorMaterials145

5.2.Uranium―ProductionandEnrichment146

5.3.PropertiesofUraniumMetal153

5.4.CeramicUraniumFuel155

5.5.Dispersion-TypeFuelElements159

5.6.Graphite162

5.7.StainlessSteel165

5.8.Zirconium167

5.9.LightandHeavyWater170

6.HeatGenerationandRemovalinNuclearReactors

6.1.Introduction175

6.2.MaximumHeatGenerationRateinFuel175

6.3.HeatConductioninFuelElements180

6.3.1.ThePoissonEquation180

6.3.2.SolutionsofthePoissonEquation182

6.4.TemperatureDistributionsalongaCoolantChannel188

6.4.1.HeatTransferbyConvection188

6.4.2.AxialVariationofFuel,Clad,andCoolantTemperatures190

6.5.HeatTransferbyBoilingCoolant195

6.6.NuclearPowerReactorCoolingSystems203

6.6.1.ChoiceofCoolant203

6.6.2.Water-CooledReactors204

6.6.3.Gas-CooledReactors213

6.6.4.LiquidMetalCooling215

6.6.5.SuperheatandReheat215

7.GeneralSurveyofReactorTypes

7.1.Introduction221

7.2.ClassificationofThermalReactors222

8.TheGas-CooledGraphite-ModeratedReactor

8.1.GeneralCharacteristicsoftheGas-CooledGraphite-Moderated

Reactor227

8.2.TheMagnoxNaturalUraniumGraphite-ModeratedReactor.230

8.3.TheAdvancedGas-CooledReactor234

8.4.TheHigh-TemperatureGas-CooledReactor....241

9.TheLight-Water-ModeratedReactor

9.1.GeneralCharacteristicsoftheLight-Water-ModeratedReactor249

9.2.DevelopmentoftheLightWaterReactor253

9.3.ThePressurizedWaterReactor257

9.4.TheBoilingWaterReactor263



10.TheHeavy-Water-ModeratedReactor

10.1.GeneralCharacteristicsoftheHeavyWaterReactor..269

10.2.TheCANDUPressureTubeHeavyWaterReactor..275

11.TheFastReactor

11.1.Introduction283

11.2.ThePhysicsandTechnologyofFastReactors...284

11.3.DynamicBehaviorandSafetyAspectsoftheFastReactor.294

11.4.TheDounreayPrototypeFastReactor.299

12.SafetyandEnvironmentalAspectsofNuclearReactors

12.1.TheBiologicalEffectsofRadiation305

12.2.EffectsofRoutineReleaseofRadioactivityfromtheNuclear
Industry312

12.2.1.DoseLimitsforRadiationExposure....312

12.2.2.ReleaseofRadioactiveIsotopesfromNuclearPower

Plants315

12.2.3.EstimatedRadiationDosesDuetotheNuclearFuelCycle319

12.3.ReactorAccidents:SafetyStudiesonLightWaterReactors.322

12.3.1.AnalysisofLWRSafety322

12.3.2.AccidentExperiencewithLightWaterReactors..346

12.4.ReactorAccidents:ThermalReactorsOtherthanLWRs.352

12.4.1.TheGas-CooledGraphite-ModeratedReactor..352

12.4.2.TheHeavyWaterReactor354

12.5.TheSafetyoftheFastBreederReactor355

12.6.Long-termStorageandDisposalofRadioactiveWastes..360

12.7.TheThermalEffectsofNuclearPowerStations...365

Appendix367

Bibliography375

Index.............383


	page1
	page2
	page3
	page4

