
DETAILEDTABLEOFCONTENTS

PREFACE

INTRODUCTION

ChapterIFORCESINFLUENCINGU.S.ENERGYCONSUMPTION
A.TrendsandPatternsinU.S.EnergyConsumption:
BriefReviewoftheFacts

B.ResearchNeedsandTheirBroadSetting

ChapterIIFUTUREMINERALFUELRESERVES
A.Introduction
B.'NaturalResourceEndowment:ImprovedKnowledge
andItsApplications

C.ImprovingExplorationandDevelopment
D.EstimatingFutureMineralFuelReserves

ChapterIIIGASEOUSFUELSFROMUNCONVENTIONALSOURCES
A.ProductionofHigh-Btu(Pipeline)GasfromCoal
B.High-BtuGasfromOil

ChapterIVLIQUIDFUELSFROMUNCONVENTIONALSOURCES
A.OilfromOilShale
B.OilfromTarSands
C.OilfromCoal

ChapterVELECTRICENERGYFROMFOSSILFUELS
A.SulfurDioxidePollutionControl
B.ProductionofCleanLow-BtuGasfromCoal
C.GasTurbines
D.CombinedGas-TurbineSteam-TurbinePlants
E.Magnetohydrcdynamics
F.FuelCellsforCentralStationPowerGeneration
G.OtherThermodynamicCycles
H.TransmissionofElectricPower

ChapterVIELECTRICENERGYFROMNUCLEARFUELS
A.NuclearPower―ThermalConverterReactors
B.NuclearPower―BreederReactors

C.ControlofRadioactiveEmissionsfromReactors
andReprocessingPlants

D.TransportationandManagementofRadioactiveFuel
andRadioactiveWastes

E.PreventionandContainmentofAccidents
inLight-WaterReactors
F.FusionReactors



ChapterVIIAUTOMOTIVEPOWERPLANTS

ChapterVIIIRESIDENTIALUTILIZATIONTECHNOLOGY
A.SolarEnergyUtilization

B.ResidentialSpaceHeatingandCooling
C.FuelCellsforSmallInstallations

ChapterIXENVIRONMENTALEFFECTS
A.EffectsonClimateandWeather
B.EffectsofThermalPollution
C.EffectsofOilPollutionoftheOcean
D.EffectsofSurfaceCoalMining
E.EffectsonHealth

ChapterXPUBLICPOLICIESAFFECTINGTHEENERGYINDUSTRIES
A.Cost-EfficiencyoftheEnergyIndustries
B.IncentivesandDisincentivestoPrivate
EnergyIndustries

C.EnergySuppliesinRelationtoNationalSecurity
andInternationalAffairs

D.FederalPublicLandsAsASourceofMineralFuels
E.EnergyResearchandDevelopment
F.EnergyandEnvironmentalQuality



FORCESINFLUENCINGU.S.ENERGYCONSUMPTION

TableofContents
page

INTRODUCTION―I-1

A.TRENDSANDPATTERNSINU.S.ENERGYCONSUMPTION:BRIEFREVIEW
OFTHEFACTS

1.0Long-TermTrendsinMajorAggregatesI-4
2.0TheChangingImportanceofDifferentPrimaryEnergySources―I-9
3.0TheChangingImportanceofDifferentSectorsofConsumption―I-10
4.OShiftsAmongEnergySourcesinDifferentSectorsof
Consumption･I-13

5.0ACloserlookatEnergyConsumptionandEconomicGrowthI-19

B.RESEARCHNEEDSANDTHEIRBROADSETTING
1.0FutureTrendsinEnergyConsumptionGrowthandTheirSocial
andEconomicUnderpinningsI-27
I.1PopulationGrowthandConsumerBehaviorI-27
1.2TrendsintheEnergy-GNPRelationship:Some
BroadAspectsforStudyI-28
1.2.1EnergyConsumptionAmidstShort-Term

EconomicFluctuationsI-29
1.2.2EnergyConsumptionTrendsinthe

TransportationSectorI-30
I.2.3ElectricPowerI-30

1.3Inter-IndustryAnalysisoftheEnergy-GNP
RelationshipI-33
I.3.1BackgroundConsiderationsI-33
1.3.2TheDesirabilityofEmployingthe

Input-OutputApproachI-38
I.4TheMixofEnergySourcesandFormsin
FutureConsumptionI-41

2.0AlternativeEnergyGrowthPaths:TheRoleofSelectedFactorsI-43
2.1TheEffectsofSlowingorHaltingEconomicGrowth―I-43
2.2AlternativeQuantitiesofEnergyConsumptionat
GivenEconomicGrowthRatesI-45

2.3AnalysisofPriceI-47
2.5Non-PriceMeasurestoCurtailEnergyUseI-57

a.MoreEfficientUseI-58
b.ABanorTaxonElectricAppliancesI-60

3.0ImprovedEnergyConsumptionDataI-6l
4.OTheNeedforanEnergyProjectionsResponsibilityI-63

4.1Long-TermProjectionsI-63
4.2Short-TermForecastingI-69







ChapterII

FUTUREMINERALFUELRESERVES

TableofContents
page

INTRODUCTIONII-1

A.NATURALRESOURCEENDOWMENT:IMPROVEDKNOWLEDGEAM)ITSAPPLICATIONS
1.0TheProblemII-5
2.0ResearchNeedsII-6

2.1TheoryofNaturalResourceFormationand
DistributionII-6

2.1.1ProcessofFormationand
DistributionII-6

2.1.2AnalysisofDistributionII-8
2.2QuantitativeEstimationofMineralResource
EndowmentandInferredPotentialSupplyII-11
2.2.1CharacteristicsofSedimentaryRocks-II-14
2.2.2DevelopingaProbabilityDistribu-

2.2.3SimulatingSupplyProspectsII-13

B.IMPROVINGEXPLORATIONANDDEVELOPMENT
1.0TheProblemII-23
2.0TheProcessesofExplorationandDevelopmentII-25

2.1ResearchNeedsII-26
2.1.1TheEconomicsofExplorationII-26
2.1.2ExtrapolatingtheResultsof

ExplorationII-30
2.1.3TheSpecialCaseoftheContinental

ShelvesII-31
2.1AExplorationandDevelopmentTech-

nologyandTechniquesII-32

C.ESTIMATINGFUTUREMINERALFUELRESERVES
OilandGas

1.0WhattheStatisticsMeasureII-46
2.0ResearchNeedsII-48

2.1ImprovementsinReportingResourceand
ReserveStatisticsII-48

2.2IntroducingtheCostDimensionII-51
2.3InvestmentRequiredforHydrocarbonReservoir
DevelopmentII-53

2.4TheSpecialCaseofAlaskanNorthSlope
DiscoveriesII-57

2.5.SecondaryRecoveryofCrudeOilII-58
2.5.1StateoftheArtII-59
2.5.2ResearchNeedsII-61

2.6ImprovementsinNaturalGasDiscoveryII-63



Coal

1.0WhattheStatisticsMeasureII-65
2,0ResearchNeedsII-66

2.1IntroducingtheEconomicDimensionII-66
OilShale

1.0WhattheStatisticsMeasureII-70
2.0ResearchNeedsII-71

Uranium

1.0WhattheStatisticsMeasureII-72
2.0ResearchNeedsII-76

2.1TheSizeofLow-CostUraniumReservesII-76
2.2CostReductionsinPoorerGradeResources

ThoriumII-83

ComparabilityAmongMineralFuels
1.0ReservesandResourcesII-84
2.0CostsandSupplyFunctions―II-85







ChapterIII

GASEOUSFUELSFRCMUNCOKVENTIOimLSOURCES

TableofContents

A.PRODUCTIONOFHIGH-BTU(PIPELINE)GASFROMCOAX
1.0Introduction―III-4

1.1GeneralReactionsandProcessesIII-4
1.2DescriptionofSpecificProcessesIII-9

1.2.1Hygas-Electrothermal(institute
ofGasTechnology)III-9

1.2.2MoltenCarbonate(M.W.KellogCo.)III-12
1.2≪3Bigas(BituminousCoalResearch,Inc.)-III-12
1.2.4Synthane(U.S.BureauofMines)III-12
1.2.5Hygas-Oxygen(instituteofGas

Technology)･III-14
1.2.6Steam-Iron(instituteofGasTech-

nology/FuelGasAssociates)-III-15
1.2.7Hydrogasification(U.S.Bureauof

1.2.8C02-AcceptorProcess(Consolidation
CoalCompany)III-17

2.0StateoftheArtIII-17
2.1CurrentTechnologyIII-17
2.2AdvancedTechnologyIII-19

2.2.1Hygas-ElectrothermalIII-19
2.2.2MoltenCarbonateIII-20
2.2.3Bigas―-III-20
2.2.4Synthane-III-21
2.2.5Hygas-Oxygen1II-22
2.2.6Steam-IronIII-22
2.2.7U.S.BureauofMinesHydrogasification-III-22
2.2.8C02-Acceptor――III-23

2.3EconomicsIII-23
2.3.1EarlierandUpdatedEarlier

EstimatesofCostsIII-24
2.3.2CurrentCostEstimatesIII-29

2.4ProcessComparisons1II-29
3.0ResearchNeedsIII-30

3.1GasificationFundamentalsIII-36
3.2PhysicalBehaviorofCoalandAshinGasifiersIII-37
3.3EntrainedFlowIII-38
3.4FluidizedBedsIII-33
3.5GasPurificationandMethanationIII-39
3.6SolidsFeeding--III-42
3.7HydrogenProductionIII-42

ReferencesIII-44

B.HIGH-BUUGASFROMOIL
1.0IntroductionIII41
2.0StateoftheArt―--III-45
3.0ResearchNeeds-"III-50
References―"―III-50





ChapterIV

LIQUIDFUELSFROM^CONVENTIONALSOURCES

TableofContents
page

A.OILFROMOILSHALE
1.0IntroductionIV-6
2.0StateoftheArtIV-6

2.1RecoveryMethodsIV-6
2.1.1In-SituRecoveryIV-6
2.1.2MiningandRetortingIV-9

2.2Upgrading―-IV-11
2.3Process-WaterPollutionIV-14
2.5SpentShaleDisposalandRunoff-WaterPollutionIV-15
2.5EconomicsIV-15
2.6StatusofDevelopmentIV-20

3.0ResearchNeedsIV-21
ReferencesIV-24

B.OILFROMTABSANDS
1.0IntroductionIV-25
2.0StateoftheArt――IV-25

2.1RecoveryMethodsIV-25
2.1.1In-SituRecoveryIV-25
2.1.2MiningFollowedbySandProcessingIV-26

2.2UpgradingIV-27
2.3EnvironmentalConsiderationsIV-29
2.4EconomicsIV-30

3.0ResearchNeedsIV-34
ReferencesIV37

C.OILFRCMCOAL
1.0IntroductionV-38
2.0StateoftheArtIV-38

2.1Fischer-TropschSynthesisIV-38
2.2PittsburghsndMidwaySolvent-RefinedCoalProcessIV-39

2.2.1TechnologyIV-39
2.2.2EconomicsIV-41

2.3ConsolidationCoalCompanyProcess(Solvent
RefiningandHydrogenation)IV-46
2.3.1Technology-IV-46
2.3.2EconomicsIV-48

2.4PressureHydrogenation(H-Coal)
2.4.1TechnologyIV-49
2.4.2EconomicsIV-51

2.5StagedPyrolysis--IV-53
2.5.1ProjectSeacokeIV-53
2.5.2COEDProcessIV-56



3.0ResearchNeedsIV-62
3.1PittsburghandMidwaySolventRefiningIV-62
3.2ConsolSolventRefiningandHydrogenationIV-63
3.3PressureHydrogenation(H-Coal)IV-64

3.4StagedPyrolysis―IV-64
ReferencesIV-65





Chapter.V

ELECTRICENERGYFROMFOSSILFUELS,.

TableofContents
page

A.SULFURDIOXIDEPOLLUTIONCONTROL
1.0IntroductionV-4

1.1NatureoftheSulfurDioxideProblemV-4

1.2ProjectionsofSulfurDioxideEmissions-V-7
2.0StateoftheArt*V-11

2.1UseofFuelNaturallyLowinSulfur――V-11
2.2FuelDesulfurizationV-12

2.3SulfurRemovalDuringCombustion―V-15
2.5StackGasCleaning-―V-17

2.4.1LimestoneScrubbing―V-20
2.4.2Limestone―DryCollectionV-21
2.4.3Cat-OxProcess--V-22

2.4.4ChemicoMagnesiumOxideScrubbingV-23
2.5StackGasDispersion'―■V-24

3.0ResearchNeedsV-25
ReferencesV-28

B.PRODUCTIONOFCLEANLOW-BTUGASFROMCOAL
1.0BackgroundV-29
2.0StateoftheArt･V-31

2.1First-GenerationProcessesV-32
2.1.1LurgiGasProducer-V-32

2.2Second-GenerationProcesses―V-38
2.2.1GeneralCharacteristicsV-382.2.2IllustrativeSecond-Generation

2.3AdaptationofPipelineGasProcesses-V.43
3.0ResearchNeeds-*V44

3.2Fixed-BedProcessesV-44
3.2Fluidized-BedProcessesV45

3.4Entrained-FlowProcessesV46
ReferencesV49

C.GASTURBINES

1.0IntroductionV-502.0StateoftheArtV-51
2.1PostwarDevelopments-V-51

2.2ProjectionofTurbineSystemPerformancein
Base-LoadOperation―V-54

2.3ProjectionofEconomicsofGasTurbineSystem
inBase-LoadOperationV-56

3.0ResearchNeeds･V-59



D.COMBINEDGAS-TURBINESTEAM-TURBINEPLANTS
1.0introductionV-632,0StateoftheArtV-63
3.0ResearchNeedsV-73

E.MAGNETOHYDRODYNAMICS
1.0IntroductionV-14
2.OStateoftheArtV-75
3.0ResearchNeedsV-77

3.1CoalCombustionV-77
3.2MHDGeneratorsV-78
3.3ElectricalConductivityofCoalCombustionGases―V-79

3.5SeedRecoveryandGasCleaningV-8l3.6.ConclusionsandResearchProcedurev-82
ReferencesV-83

P.FUELCELLSFORCENTRALSTATIONPOWERGENERATION
1.0IntroductionV-84
2.0StateoftheArtV-34
3.0ResearchNeedsV-88
ReferencesV-90

G.OTHERTHERMODYNAMICCYCLES―V-91

H.TRANSMISSIONOFELECTRICPOWER
1.0IntroductionV-92

1.1BackgroundV-92
1.2TheTransmissionSystemV-92

2.0StateoftheArtV-93

2.1UHV(Ultra-HighVoltage)Development(Overhead
ACTransmission)V-94

2.2UndergroundTransmission(AC)V-97
2.3AdvancedCableDesignsforUnderground
Transmission(AC)V-99

2.4HighVoltageDCOverheadTransmissionand
AC/DCConversionV-104

3.0ResearchNeedsV-106
3.1Ultra-HighVoltagev-106.
3.2UndergroundTransmissionV-107
3.3AdvancedUndergroundTransmissionV-107
3.4HighVoltageDirectCurrentandAC/DCConversion―V-108

ReferencesV-110





ChapterVI

ELECTRICALENERGYFROMNUCLEARFUELS

TableofContents
page

A.NUCLEARPOWER--THERMALCOIWERTERREACTORS(Light-Water

ReactorsandHighTemperatureGas-CooledReactors)
1.0IntroductionVI-4

1.1BackgroundVI-4
2.0StateoftheArt.VI-8

2.1IntroductionVI-8
2.2DescriptionofReactorTypesVI-9

2.2.1Pressurized-WaterReactorsVI.-9
2.2.2BoilingWaterReactorsVI-9

2.2.3HighTemperatureGas-CooledReactors-VI-11
2.3PerformanceCharacteristicsVI-12
2.4PollutantsandHazardsVI-l4

2.4.1IntroductionVI-l4
2.4.2WasteHeatVI-l4
2.4.3RadioactiveEmissionsfrom

PowerPlantsVI-15
2.4.4RadioactiveWastesVI-lS
2.4.5ReactorSafetyVI-20

2.5FutureofPresentReactorTypesVI-22
3.0ResearchNeedsVI-23
ReferencesVI-25

B.NUCLEARPOWER―BREEDERREACTORS
1.0IntroductionVI-26
2.0StateoftheArtVI-29

2.1BackgroundVI-29
2.2ReactorTyvesandExpectedPerformancesVI-33

2.2.1LiquidMetalFastBreederReactorVI-33
2.2.2Gas-CooledFastBreederReactorVI-35
2.2.3MoltenSaltBreederReactorVI-38

3.0ResearchNeedsVI-40
3.1Introduction-VI-40
3.2ChoiceofBreederConceptVI-41
3.3LiquidMetalFastBreederVI-42
3.4Gas-CooledFastBreederVI-48
3.5MoltenSaltBreeder:VI-49

ReferencesVI-52

C.CONTROLOFRADIOACTIVEEMISSIONSFROMREACTORSAND
REPROCESSINGPIANTS

1.0Introduction-VI-53
1.1ReleaseofRadioactiveMaterialsatNuclear

ReactorsandChemicalReprocessingPlantsVT-53
1.1.1ReactorsVI-54
1.1.2ReprocessingPlantsVI-55

1.2LegalRestrictionsonReleases―VI-55



2.0StateoftheArtVI-56
2.1ExistingTechnologyVI-56

2.1.1ReactorsVI-56
2.1.2ReprocessingPlantsVI-57

2.2NewTechnologyVI-58
2.2.1ReactorsVI-59
2.2.2ReprocessingPlants―VI-61

3.0ResearchNeedsVI-62
ReferencesVI-64

D.TRANSPORTATIONANDMANAGEMENTOFRADIOACTIVEFUELANDRADIO-
ACTIVEWASTES

1.0IntroductionVI-65
1.1.ScopeandMagnitudeoftheProblemVI-65
1.2HealthandSafetyAspectsofNuclearFuel
CyclePlantsVI-69

2.0StateoftheArtVI-70
2.1Mining,Conversion,andEnrichmentof
UraniumandThoriumVI-70

2.2RadioactiveMaterialShipmentstoandfrom
NuclearPowerReactors'VI-71

2.3PreparationandShipmentofUranium-233and

2.4FuelRecovery(Reprocessing)Plants―VI-74
2.5DisposalofRadioactiveWastesVI-75

3.0ResearchNeedsVI-78
3.1Mining,Conversion,andEnrichmentof
UraniumandThoriumVI-79

3.2RadioactiveMaterialShipmentstoandfrom
NuclearPowerReactors･VI-79

3.3PreparationandShipmentofUranium-233and

3.4FuelRecovery(Reprocessing)PlantsVI-80

3.5DisposalofRadioactiveWastes--VI-30
ReferencesVI-83

E.PREVENTIONANDCONTAINMENTOFACCIDENTSINLIGHT-WATERREACTORS
1.0IntroductionVI-84

1.1GeneralBackgroundVI-84
1.2SitingCriterial―VI-87

1.3TheMaximumHypotheticalAccidentVI-88
1.4TheDesignBasisAccident―VI-90

2.0StateoftheArtVI-92

2.1EngineeredSafetySystemsforMitigationof
theDesignBasisAccidentVI-92

2.2UnknownsinReactorSafetyVI-93

2.2.1UnknownsintheDesignBasisAccident-VI-93
2.2.2UnknownsBeyondtheDesignBasis

Accidentvi-95



3.0ResearchNeedsVI-96
3.1FurtherWorkRelevanttotheDesignBasis

3.2FurtherWorkNeededintheRegionBetweenthe
DesignBasisAccidentandtheMaximum
HypotheticalAccidentVI-97

3.3FurtherWorkintheRealmofAccident

3.4ReactorSitingVI-100

3.5CostsandPayoffofSafetyResearchVI-100
ReferencesVI-103

F.FUSIONREACTORS
1.0IntroductionVI-104

1.1BackgroundVI-104

1.2AdvantagesofFusionPowerVI-106
2.0StateoftheArtVI-108

2.1ScientificFeasibilityVI-108
2.2EngineeringFeasibilityVT-110

2.3PublicHealthandSafety―-VI-111
2.4EconomicFeasibilityVI-113
2.5LaserIgnitionApproachtoFusionVT-115

3.0ResearchNeedsVI-116
3.1ConcerningScientificFeasibilityVI-116
3.2ConcerningEngineeringFeasibilityVI-117
3.3ConcerningLaserIgnitionSystemsVI-118
3.4ConcerningFusion-PowerRelatedTechnologiesVI-119

4.OSummaryVI-120
ReferencesVI-121



ChapterVII

AUTOMOTIVEPOWERPIAM?S

TableofContents

page

1.0Introduction*VII-1
1.1Backgrounds･VII-1

1.2AirPollutionConsiderationsVII-7
2.0StateoftheArtVII-9

2.1PossibleSolutionstothePollutionProblemof
ConventionalInternalCombustionEnginesVII-9
2.1.1COandHCReductionVII-9
2.1.2N0xReductionVII-15

2.1.3FuelModificationVII-16
2.1.4FuelSubstitutionVII-18

2.2AlternativestotheConventionalInternal
CombustionEngineVII-20
2.2.1GasTurbinesVII-21
2.2.2Rankine-Cycle(Steam)EnginesVII-24
2.2.3ElectricDriveVII-27
(a)HeatEngine/ElectricHybridVII-27
(b)All-ElectricBatteryPoweredVII-28

2.2.4HeatEngine/FlywheelHybridsVII-33
2.2.5OtherEngineTypesVH-34

3.0ResearchNeedsVII-38
ReferencesVII-4O







ChapterVIII

RESIDENTIALUTILIZATIONTECHNOLOGY

TableofContents

A.SOIARENERGYUTILIZATION
1.0IntroductionVIII-3
2.0StateoftheArtVIII-7

2.1Flat-PlateCollectors―-VIII-7
2.2FocusingCollectorsVIII-10
2.3PhotovoltaicCellsVIII-11
2.5UseofSolarEnergytoGrowPlantsforFuelVIII-12
2.5ConversionofSolarEnergyDirectlyto
ChemicalFuelsVIII-13

2.6SolarPowerfromOrbitingSpaceStationsVIII-14
2.7StorageofEnergyProducedbySolarEnergy
SystemsVIII-14

2.8ResidentialSpaceHeatingVIII-17
2.9IntegratedSolar-ConventionalEnergy
UtilizationSystemsVIII-20

3.0ResearchNeeds
3.1Flat-PlateCollectors---VIII-20
3.2FocusingCollectorSystemsVIII-22
3.3PhotovoltaicSystemsVIII-23
3.4UseofSolarEnergytoGrowPlantsforFuelVIII-23
3.5ConversionofSolartoChemicalEnergyinVitroVIII-24
3.6SolarPowerfromOrbitingSpaceStationsVIII-24
3.7StorageofEnergyProducedbySolarEnergy
SystemsVIII-26

3.8ResidentialSpaceHeating--VIII-27
3.9IntegratedSolar-ConventionalEnergy
UtilizationSystems―VIII-27

4.OSummaryVIII-29
ReferencesVIII-31

B.BESIDENT3ALSPACEHEATINGANDCOOLING
1.0Introduction-VIII-32
2.0StateoftheArtVIII-32

2.1OrganizationofHeatingandAirconditioning

2.2MaterialandEquipmentDevelopmentVIII-35
2.3Systems.Studies―-VIII-35

2.3.1HomeHeatingCostFormulationVIII-36
2.3.2ExamplesofSystemsStudies―VIII-38

3.0ResearchNeeds―VIII-41
ReferencesVIII-44



C.FUELCELLSFORSMALLINSTALIATIONS
1.0Introduction-――VIII-45
2.0StateoftheArt―VIII-46

3.0ResearchNeeds-VIII-51
ReferencesVIII-52







ChapterDC

ENVIRONMENTALEFFECTS

TableofContents
page

A.EFFECTSONCLIMATEANDWEATHER
1.0ScopeIX-3
2.0TheProblemIX-4
3.0ResearchNeedsIX-9

3.1GeneralResearchAreasIX-9
3.1.1ImprovedInstrumentationand

DataCollectionIX-9
3.1.2DynamicModelingandPredictionIX-10

3.2SpecificDischarges^IX-11
3.2.1CarbonDioxideIX-11
3.2.2.OxidesofSulfurIX-11
3.2.3OxidesofNitrogenIX-12
3.2.4OtherPollutantsIX-12
3.2.5WaterVaporIX-13
3.2.6HeatIX-14

3.3SpecialAspectsIX-l4
3.3.1Nucleation,Cloud,Formationand

PrecipitationIX-14
3.3.2ParticularEnergySourcesIX-15
3.3.3EconomicImpactIX-15

4.0SelectedReferences

B.EFFECTSOFTHERMALPOLLUTION
1.0OriginandExtentIX-18
2.0EffectsofThermalPollutionIX-22

2.1EffectsofHeatonAquaticLifeIX-22
2.2OtherEffectsIX-24
2.3RecordedEffectsIX-25

3.0Cooling'SystemsIX-27
3.1Once-ThroughCoolingIX-27
3.2CoolingPondsandLakes-IX-29
3.3WetCoolingTowersIX-30
3.4DryCoolingTowers
3.5CoolingSystemCosts

4.0OtherMeasurestoReduceThermalPollution-IX-40
4.1PowerPlantEfficiencies―IX-40
4.2AlternativePowerGenerationTechniquesIX-41

5.0ProductiveUseofWasteHeatIX-41
6.0ResearchNeedsIX-44

6.1ImprovedPredictiveCapacityIX-44
6.2Cost/BenefitResearch―IX-45

6.3ResearchonReducingThermalPollution―-―IX-46
6.4BeneficialUseofWasteHeat―IX-47
6.5InvestigativeResearch――――――IX-48



C.EFFECTSOFOILPOLLUTIONONTHEOCEAN―EC-50
1.0SourceandAmountsofOilEnteringtheSeaIX-51

1.1ConventionalSourcesIX-51
1.2NaturalandIndirectSources―IX-53
1.3SourceQuantityEstimatesIX-55

2.0PhysicalConcentration,DistributionandFateofOil
intheSeaIX-57

3.0EffectsofOilPollutionIX-53
3.1UncertaintyIX-59
3.2ToxicityIX-59

3.3LowLevelEffectsonMarineLifeIX-60
3.5EffectsontheFoodChainIX-61

3.5InteractionsofOilandOtherPollutantsIX-6l4,0ControlMeasuresandTechniques:―IX-62
4.1Prevention――――-―――――-IX-62
4.2ChemicalDispersantsIX-64
4.3PhysicalSinkingIX-64
4.4BurningIX-65
4.5MechanicalContainmentandRemovalIX-65
4.6BiologicalDegradationIX-66

5.0InstitutionalAspectsIX-666.0EconomicConsiderations;IX-67
7.0ConclusionsandMajorLinesofResearchNeedsIX-69

D.EFFECTSOFSURFACECOALMINING
1.0TheProblemIX-72
2.0ResearchNeeds―IX-72

2.1EvaluationofExternalCostsIX-73

2.2ControllingEnvironmentalDamageIX-73
2.3SurfaceMiningintheContextofLand-Use
PlanningIX-74

2.4SpecificResearchTopicsIX-74

2.4.1DevelopmentofMiningTechniquesIX-752.42.4.2Soil-MoistureRelationshipsIX-75

2.^.3ErosionandSpoilBankStabilityIX-75
2.4.4PlantPhysiologyIX-762.4.5WaterTreatmentIX-76

E..EFFECTSONHEALTH
HealthEffectsAssociatedwithFuelCombustionIX-77

1.0SourcesofEnergy-AssociatedAirPollutantsIX-73
2.0OxidesofSulfurandParticulatesIX-81

2.1MainGapsinKnowledgeandResultingResearch
DirectionsIX-83
2.1.1EpidemiologicStudiesIX-83

2.1.2EnvironmentalAssessmentIX-84
2.1.3MortalityStudies-IX-86
2.1.4MorbidityStudies-IX-87



2.2ResearchNeedsIX-89
2.2.1CommunityofEpidemiologicStudiesIX-89
2.2.2Animal-StudiesIX-96
2.2.3StudiesInvolvingManIX-92

3.0OzonesandHydrocarbonsIX-92

3.1TheProblemIX-92
3.2ResearchNeedsIX-944.QCarbonMonoxideIX-94
4.ITheProblemIX-94
4.2ResearchNeedsIX-95

HealthEffectsAssociatedwithRadiationIX-98

5.0IntroductionIX-98
6.0HistoryIX-99
7.0UniteofRadiationIX-101
8.0ExtentofRadiationintheEnvironment―■IX-102
9.0TypesofHealthEffectsIX-105

9.1IntroductionIX-105
9.2GeneticEffects―IX-107
9.3SomaticEffectsIX-108

9.3.1NeoplasticDiseasesIX-108
9.3.2CataractsIX-109
9.3.3GrowthandDevelopmentIX-110
9.3.4LifeShorteningIX-110

10.0MovementofRadionuclidesintheEnvironmentIX-111
11.0RadiationStandardsIX-112

11.1OrganizationsandTheirRolesIX-113
11.2TheCurrentRadiationStandardsIX-116

11.2.1PrincipalPointsofControversy
overStandardsIX-116

12.0ResearchNeeds■IX-119
12.1BiologicalEffectsofRadiationIX-119
12.2MovementofRadionuclidesintheEnvironmentIX-122

12.2.1TransportandFateofRadionuclidesIX-122
12.2.2EcosystemEffectsofRadiationIX-123
12.2.3EnvironmentalSystemsAnalysis1X-124

12.3RadiationProtectionandStandardsIX-125
12.4EstimatesofRadiationDosesIX-126





ChapterX

PUBLICPOLICIESAFFECTINGTHEENERGYIMKISTRIES

TableofContents

page

A.COST-EFFICIENCYOFTHEENERGYINDUSTRIES
1.0OilProductionX-3

1.1TheExistingSystemofStateRegulationX-4
1.2ResearchNeedsX-1l

1.2.1UnitizationandItsAlternativesX-11
2.0CoalProduction-X-18

2.1UndergroundMining―X-18

2.1.1ResearchNeedsX-20(a)ProductivityofMineLaborX-20
(b)HealthandSafetyLegislation:
ItsEffectsX-22

(c)SulfurLimitation:ItsEffectsX-24
(d)MineSystemsAnalysisX-25

2.2StripMining>X-26
2.2.1ResearchNeedsX-26

3.0FossilFuelTransportationX-27
3.1ResearchNeedsX-27

3.1.1CoalX-28
3.1.2OilandGasPipelinesX-29
3.1.3MaritimeTransportX-30

4.QElectricEnergy■･―X-31
4.lTheRegulatorySystemX-32
4*2ResearchJfeeds―X-36

4.2.1RegulatoryEconomicsX-36
lj..2.2DirectionsfortheFuture:Technology,

Policy,andIndustrialStructureX-40
5.0TheStructure,BehaviorandPerformanceoftheEnergy
IndustriesX-45

B.INCENTIVESANDDISINCENTIVESTOPRIVATEENERGYINDUSTRIESX-49
1.0DistinctiveTaxProvisions―X-51

1.1TheSysteminBriefX-51
1.2ResearchNeedsX-52

1.2.1TheUseofTaxSavingsX-52
1.2.2TheEconomicsofUncertaintyX-54
1.2.3InteractionofTaxIncentivesand

StateConservationRegulationX-55
1.2.1+DoTaxProvisionsResultinLower

Prices?X-56
1.2.5TheEffectsofCommon-CostandJoint-

SupplyRelatiOiishipsBetweenOil
andGasX-58



2.0RegulationofNaturalGasX-59

2.1TheExistingSystemofFieldPriceRegulationX-59
2.2ResearchNeedsX-64

2.2.1ShouldFieldPricesBeRegulated?-X-64
2.2.2TheBasisforSettingPricesX-65

2.3EndUseControlsX-67

C.ENERGYSUPPLIESINRELATIONTONATIONALSECURITYAND
INTERACTIONALAFFAIRS-X-69
1.0ImportControlsandAlternativeApproachestoSecurity
ofSupplyX-71

1.1ThePresentSystemX-71
1.2ResearchNeeds

1.2.1TheBasicConceptofHeavyReliance
onDomesticResourcesX-72

1.2.2ApproachesNotDependentUponAHeavy
Reliance*X-74
(a)StoragetoMeetEmergenciesX-74
(b)Costof"FallowFields"X-74
(c)Short-TermRationingandLong-

TermEndUseControlX-76(d)IntegratingtheU.S.and
CanadianEconomies―X-77

(e)TechnologicalAlternativesto
CrudeOil―-X-77

2.0ThePoliticalEconomyofInternationalOilX-78

2.1TheProblemofSupplyInterruptionsX-80
2.2ResearchNeedsX-8l

2.2.1SafeguardsAgainstSupplyX-8l
InterruptionsX-8l

2.3RelationshipsBetweenHostGovernmentsand
Foreign-OwnedOilCompaniesX-83
2.3.1EvolutionofthePresentSituationX-83
2.3.2ResearchNeedsX-86
(a)TheOutlookforInternational
OilPricesx-86

D.FEDERALPUBLICIANDSASASOURCEOFMINERALFUELS
1.0TheGovernmentasLandownerX-90
2.0ResearchNeedsX-91

2.1MaximizingGovernmentRevenues―X-91

2.2OptimizingMineralExploitationX-942.3HormonizingDiverseObjectivesX-96

2.4LeadershipintheUnitizationofOilProductionX-982.5TheSpecialCaseoftheNavalPetroleumReserves―X-99
2.6TheSpecialCaseofOilShale･X-100
2.7TheLimitsofNationalSea-BedJurisdictionX-105



E.ENERCYRESEARCHANDDEVELOPMENT
1.0TheProblemX-108
2.0ResearchNeedsX-110

2.1AdequacyofTotalNationalEnergyR&DEffortX-110
2.2BalanceWithinTotalNationalEnergyR&DEffortX-111
2.3CriteriaforGovernmentFinancingX-112
2.4Cost-BenefitMethodologyinRelationtoGovernment
R&DChoicesX-116
2.4.1UseoftheSocialDiscountRateX-116
2.4.2TheEffectsof"Redundancy"and

Interdependency･X-117
2.4.3TheMeasurementofBenefitsX-119
2.4.4TheMeasurementofCostsX-120

2.5ConsistencyWithOtherGovernmentPoliciesX-121
2.6AnalysisofGovernmentEnergyR&DExperienceX-122
2.7EfficiencyinR&DManagementX-123

F.ENERGYANDENVIROIMENTALQUALITY
1.0ThePolicyProblemBroadlyDefinedX-124
2.0DataSpecificationandEvaluationResearchX-126
3.0ResearchonImplementationAlternativesX-130
4.OResearchonInstitutionalApproaches-X-133


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27
	page28
	page29
	page30
	page31
	page32
	page33
	page34

