INERTIAL FUSION ENERGY MDC 92E0008, Vou. li
ReactorR DESIGN STUDIES MARCH 1992

LIST OF FIGURES - VOL. |1l

No, Title Page
3.3-1 Gain as a Function of Energy for Directly-Driven Laser Targets.......cccoovveevvennennneennn. 3-6
3.3-2 Gain as a Function of Energy for Directly-Driven Laser Targets........ccoo v vvemiceeineeeenn. 3-6
3.3-3 Irradiation Non-uniformity (¢ rrs) as a Function of Focus Ratio for 24-, 32-, 60-,

and 96-Beam GEOMEIIRS .......covv ittt e s e s en b esn e s ee e e 3-8
3.3-4 Irradiation Non-uniformity {o¢ rms) as a Function of Focus Ratio for 32 and

GO BRAIMS ... e r e e e e e e bbb e e 3-9
3.3-5 Eftect of Beam Pointing Error on liradiation Non-uniformity for 32- and 60-Beam

System.......... et eeeeememiseeevessieteeeecetssssasstessressssseerereasennanseeeertnncesinnnniseeneraraennres 3-10
3.3-6 Gain as a Function of Laser Energy for Indirectly-Driven Targets............ccoeiineennnn 3-12
3.3-7 Power as a Function of Laser Energy for Indirectly-Driven Targets.............occovveenin 3-12
3.3-8 Target Gain for Indirect-Drive Heavy lons as a Function of Driver Energy, lon Range,

and Focal Spot Size for Targets Driven by Two Diametrically Opposed Beams ........ 3-14
3.3-9 Peak Power Requirements for Indirect-Drive Heavy lons as a Function of Driver

Energy, lon Range, and Focal Spot Size for Targets Driven by Two Diametrically

1O oere L ToTa T o U 3-14
3.3-10 lon Range as a Function of lon Mass and Kinetic ERergy .....c.coovvvveeeiiviiniciec e 3-15
41.1-1  Comparison of Baseline and Optimistic Gain Curves for Direct and Indirect Drive

BT 1o [ - OO PS 4-3
4.1.1-2 Laser System Architecture for Prometheus-L Driver Design .........cccoveeeierviniivnnnne. 4-4
4.1.1-3  System Performance Comparison for Direct (Solid) and Indirect (Dashed) Drive

Targets with Baseling Gain CUIVES ... e 4-8
41.1-4  System Performance Comparison for Direct {Solid) and Indirect (Dashed) Drive

Targets with Optimistic Gain CUIVES ........... oo e 4-8
4.1.1-5  System Performance Comparison for Constant (Solid) and Zoomed {Dashed) Spot

LT 11 0T =TSR UUPTI 4-9
4.1.2-1  Comparison of Multiple and Single Beam LINAC Configuration..........c..cccciveccuiieecunin 4-11
4.1.2-2  Assumed Metglas Loss Scaling with Pulse Length for LINAC System Studies........... 4-13
4.1.2-3  Comparison of Projected COE and Driver Capital Cost for Multiple and Single

BeAM LINACS ..ttt e e rana e e e e e e e eae s e aar s e e sanrrr sansan verr eres 4-14

4.2.1-1  Angular Multiplexing is Accomplished by Synthesizing a Long Laser Pulse from a
Series of Suitably Delayed Shorter Laser Pulses, Each Propagating at a Specific

Angle with Respect to the Optical Axis of the System............c.ccnnn, 4-20
4.2.2-1  The Forward Rotational Raman Accumulator Permits 16 Separate KrF Laser
Beamlets to be Combined in a Single Coherent Beam .......cccoeeiveecvviieceiccenn, 4-22
42.2-2 Rotational Raman Gain Coefficient as a Function of p for Different Values of
CRAM ARG, B..ieiiiiiiiiiir et st eres s e s e s e st arae e s se e earaees s s ananne raenenenaecns 4-24
42.2-3 Accumulator Conversion Efficiencies as a Function of Cell Length with AE = 4 kd,
- 30 cm, Tpyise = 600 ns, and Maser =248 MM . 4-24
4.2.2-4 The Accumulator 8onversion Efficiency Depends on the Raman Cell Length with
AE =4 Kkd, Damp - 30cm, Tpulse = 600 ns, and Maser =248 NM...c..overvrevemrccreeennns 4-25

4.2.2-5 With an Input of 100 kJ in a 250 ns Pulse for A = 248 nm in Deuterium at

Sensitivities of 0.7, 1.1, and 1.4 amagat with the CRAM Angle = 10°, the

Conversion Efficiency Bepends Upon the RAC Length ... 4-26
4.2.2-6 The Backward Raman Pulse Compressor Overlaps the Long Excimer Laser

Pulse with a Shorter, Backward-Propagating Stokes Seed to Achieve Pulse

0Ty £ Tt o T o OO SRR P OUPRTPRRRRN 4-27
4.2.2-7 The Three Steps Associated with Pulse Compression in the SBS Pulse

00T 1] o) SOOIt 4-29
4.2.2-8 Use of SBS Pulse Compressor Cell Coupled with Polarized Input and Quiput

Laser Beams Facilitates integration into Reactor .........ccoovviiirii s 4-30
4.2.2-9 The SBS Pulse Compressor Is Readily Integrated into the Reactor Driver System

Following the Raman ACCUMUIZIONS .........ooerviniviciiee e ceeree e e s oo 4-31

McDonnell Douglas Aerospace
Use or disciosure of data .
subject to litle page restriction Vil



INERTIAL FusioN ENERGY MDC 92E0008, VoL. Il
REACTOR DESIGN STUDIES MARCH 1992

LIST OF FIGURES - VOL. Il (CONT.)

No. Title Bage
4.2.2-10 By Selecting Various Temporal Ramp Pulse Shapes for "Chirped” SBS Stokes

Seeds, a Variety of Compressed Pulse Shapes Can Be Generated....................... 4-32
4.2.2-11 The Dependence of Spontaneous SBS Linewidth with SFg Density Defines

Limitations on the Compressed Pulse Bandwidth...............cooeeeo i, 4-32
4.2.2-12 A Variety of Cutput SBS Pulse Shapes in SF6 as Functions of SBS Stokes Seed

Ramp Ratios is Available for D/T Target COMPression.........o.coccceiicne. 4-34
4.2.2-13 The SBS Conversion Efficiency Depends on SBS Seed Ramp Ratios...........cce....... 4-34
4.3.1-1  Multiple Beam LINAC Cross SeCtion .......ccvvoveecririeenss e cernr s 4-38
4.3.1-2  Single Beam LINAC Cross-SeCHON........c.ocviriirecie et 4-39
4.3.2-1  Ballistic Focusing Of HIBaIMS .........ccoiiiiiiirireieerrer e e err e e e ae s e 4-41
4.3.2-2 Pinched Channel Transportin Target Chamber...........coocvvevviiiieieieiseviee e eeeeeens 4-42
4.5.3-1 Dependence of the Specific Heat and Thermal Conductivity of SiC on Temperature..4-52
4.5.3-2 Temperature Dependence of the Fracture Stress and Young's Modulus of SiC.........4-54
4.5.3-3 Volumetric Swelling of SiC as a Function of Temperature at a Neutron Fluence of

1.2X1022 11 M2 (E30.18 MEV) oot 4-55
4.5.4-1  Stress-Strain Behavior of Monolithic and Unidirectional Composite SiC at Room

T I DEIALLTE . oevvuaeernreeeeiae e e e euevunrtrariensarrernsses s sere s esbrrssreasesnenrnsssrnanssnsssersrnesses 4-57
4.6.1-1 Schematic of Laser Direct-Drive IFE Target SHUCIUIe .......veeivvviiinrveeree v erenieesr e vens 4-59
4.6.1-2  The Laser Pulse Features a 80 ns Prepulse Containing 30% of the Energy............... 4-65
4.6.1-3  The Laser Prepulse Ablates a Dilute Plasma Atmosphere 3.2 cm Deep from

LT = o T OO S SRURS 4-65
4.6.1-4  The Laser/Plasma Inverse Bremsstrahiung Absorption Fraction Depends on

the Incident ANgIE, Bo. ..o e e e 4-66
4.6.1-5  The Inverse Bremsstrahiung Energy Absorbed by Direct-Drive Targets Depends

on the Incident Angle and Target Diameter...........cccooei e 4-67
4.6.1-6  The incident Laser Beam Can Be Decomposed Into Annular Zones to Calculate

Absorption EffiClencies........... e 4-67
4.6.1-7 The Absorbed Laser Energy/Beam Depends on the Direct Drive Target Diameter

for Inverse Bremsstrahlung for Static Target Diameters.. ... vvvverrvvevvrsreeeenennen, 4-68
4.6.1-8  The Direct Drive Target Diameter Implodes to Half the Laser Beam Diameter by

the End of the Main Laser PUISE ... e erae e s 4-69
4.6.1-9  The Calculated Spatial Dependence of the Laser Power Absorbed by Resonance

Absorption IS NOt HOMOGENBOUS ....ccccoiriiiirie e meeess e s rsas e e anre e s ansrene s a s 4-70
4.6.1-10 The Fraction of Laser Power Absorbed Via Laser/Piasma Resonance Absorption

Is a Function of the Incident ANGE, Bo. 4-71
4.6.1-11 The Resonance Absorbed Energy for Direct Drive Targets Is a Function of Both

iricident Angle and Target Diameter..........cocciieeeieiieer e se e eeeraasneraneneses 4-72
4.6.1-12 Estimated Absorbed Laser Energy/Beam vs, Direct Drive Target Diameter for

Resonance Absorption Assuming Constant Target Diameter......................... 4-73
4.6.1-13 Meshing Trapezoidal Intensity Distributions Permits Smooth Near-Field

llumination of Direct Drive Targets ..o ee e e ae e e e eae e amnrneas 4-74
4.6.1-14 Meshing Trapezoidal intensity Distributions with Low w/r Ratios Relaxes

Near-Field Laser Beam Alignment TOISrances .........oooveeveriernvimmeisccceee e eeeaeeeaeeees 4-74
4.6.1-15 AnIsometric View of Trapezoidal Beam lllustrates the Interlocking of Multiple

Near-Field Laser Beams Aligned on Direct Drive Fusion Targets..................co...... 4-75
4.6.1-16 Near-Field Focusing Geometry for Trapezoidal Nesting........covvvvvvvermemeermereceseenanienns 4-76
4.6.1-17 DD Target Misalignment Geometry for Alignment Laser Reflecting Off of Shine .

Shield: Angular Deflection - Al.....ccooivveieeeee e 4-77
4.6.1-18 Laser Beam Fill Factors as a Function of Trapezoidal Ramp Lengths, r........ccooooverneee. 4-78

McDonnell Dougias Aerospace
Use or disclosure of data .
subject to tite page restriction IX



INERTIAL FUsioN ENERGY MDC 92E0008, Vor. Hl
REACTOR DESIGN STUDIES MARCH 1992

LIST OF FIGURES - VOL. Il (CONT.)

No. Title Page
4.6.1-19 The Laser/Target Coupling Efficiency, £T, Depends on the Number of Laser Beams

luminating the DireCt Drive TArQeL........c.o oot e e 4-78
4.6.1-20 The Laser/Target Coupling Efficiency, £T , Depends on the Critical Surface

TAGEE DIAMEIEI ... ..ottt sttt eeae e s e anassnas s ra s e acs i o seaenis 4-79
4.6.1-21 The Imploding Direct Drive Target Critical Surfaces Requires Zooming of the

Near-Field Laser Beams to Maintain Homogeneous Hlumination................c..ce. 4-80
4.6.2-1  The Direct Drive HID Target Has Spherical Symmetry and Requires Uniform

Power Loading of lts Converter Shell............cooiii i 4-81

4.6.2-2  Alternative Direct Drive HID Target with Pb Tamper and Li-Pb Pusher (HIBALL-}........ 4-82

5.3.1-1  Gain Curve Scaling with Hohlraurm Temperature Relative to Gain for the

EMF CONAItIONS. ...t csreet e e cbasnn e e e e 5.3-3
5.3.1-2  Projected Cost Scaling for Small-Size KrF Laser and Heavy-lon LINAC Drivers...........5.3-4
5.3.1-3  Projected Efficiency Scaling for Small-Sized KrF Laser and Heavy-lon LINAC

T F Y=+ OOV 5.3-5
5.3.1-4  Projected 100 MWe Demonstration Power Plant Gain Space Windows for the

Prometheus-L Driver Configuration ...........cooooii i 53-6
5.3.1-6  Projected 100 MWe Demonstration Power Plant Gain Space Windows for

the Single Beam Prometheus-H Driver Configuration............cccoooiiin, 5.3-7
5.3.1-6  Projected 100 MWe Demonstration Power Plant Gain Space Windows tor

a Muttiple Beam LINAC DAVEY ..ot ettt e e 5.3-8
5.3.2-1  Diagram of Tangential Direct Drive Target lllumination Geometry at Start of

MaEIN PUISE ...ttt e e e e b s ranaa s 5.3-11
5.3.2-2  Diagram of Tangential Laser Hlumination Geometry at End of 6 ns Laser Pulse ........... 5.3-12
5.3.2-3 Geometry for Computing Angular-Dependent Light/Plasma Coupling Efficiencies.....5.3-13
5.3.2-4  Fraction of Incident Laser Light Absorbed for Linear Ptasma Density Profile............... 5.3-14
5.3.2-5 Resonant Absorption Contours on Spherical DD Target.........cccccocoiniiininn e 5.3-18
5.3.3-1  Schematic of Prometheus Approach for Heavy lon Single-Sided ID Targst

13 = Ta 1 1o o H O O SO UP PR UPU PR PR 5.3-20
5.3.3-2  Schematic of Double-Sided Heavy lon ID Target Irradiation Geometry....................... 5.3-21
5.3.7-1  Schematic Model of the Fuel Cycle for IFE Reactor Operated on the DT Cycle.......... 5.3-32
53.7-2 Varnation of Required TBR with Reactor Parameters..............cooooerviieeniiiin 5.3-35
5.3.7-3  Variation of Required TBF as a FUNCHON 0f T10 .ovvvvveerimiiiiimicvees e 5.3-36
5.3.8-1  Cavity Vapor Pressure and Temperature Histories Following the Blast....................... 5.3-38
5.3.10-1 Minimum Velocity Required for Film Attachment on the Upper Hemisphere............... 5.3-42
5.3.10-2 Turbulent Film Thickness and Minimum Flow Rate Required for Film Attachment

on the Upper HEMISPNBIE. ...... .o ettt ceece b s s e s e s aa e 5.3-42
5.4-1 The Solubility of Hydrogen in Selected Metals and AOYS.....ccoovvvvviiiiieeieees 5.4-20
54-2 Protection Options for Final Optics Protection. ... 5.4-61
5.5-1 Testing Logic for the First Wall Protection System.........ccccooiiiiic i 5.5-48
55-2 Example Bulk Shield Test Assembly - Homogeneous Assembly........................ 5.5-60
55-3 Example Bulk Shield Test Assembly — Heterogeneous Assembly ... 5.5-61
55-4 Example Bulk Shiekd Test Assembly with Discontinuities and Penetrations

— Straight Plane Gap ASSemMBEY........oo et e 5.5-61
5.5-5 Example Bulk Shield Test Assembly with Discontinuities and Penetrations

— Steeped Plane Gap ASSeMbIY ..o e 5.5-61
55-6 Example Bulk Shield Test Assembly with Discontinuities and Penetrations

— Assembly with Circular (Or Rectangular) DUCE.........coooeivieeiniimrer e 5.5-62
5.5-7 Proposed Configuration for Test Module for Verification of Mirror Protection

and Quadrupole Magnet Protection SCheme .........c.ccovvieviiieeicreeeccee e 5.5-64
6.2-1 Simple Power Flow Diagram for an Inertial Fusion Power Plant .....................ccc 6.2-1

McDonnell Douglas Aerospace
Use or disclosure of data

subject to title page restriction X



INERTIAL FusioN ENERGY MDC 92E0008, Voui. ll
Reactor DESIGN STUDIES MARCH 1992

LIST OF FIGURES - VOL. 1l (CONT.)

No, Title Page
6.2-2 Baseling Gain Curves for KrF Laser DIiver. ...t crn e 6.2-2
6.2.1-1  Scaling of Prometheus-L Driver Capital Cost, COE, and Pulse Repetition Rate

with Driver QUIDUL ENBIOY ...t e 6.2-5
6.2.1-2  COE Sensitivity to Prometheus-L. Design and Performance Assumptions................. 6.2-5
6.2.2-1  Baseline Gain Curves for Indirect-Drive, Heavy ion Targets With a 3 mm Radius

FOCAI POt .. e e i e 6.2-7
6.2.2-2 SBLINAC Size and Cost Scaling Vs. lon Energy for a +2 Lead, 7.8 MJ and 5 pps

System With Lee Lattice SCaliNg......coooiemiieiiiiereeinieecciireccvr s sesrs e svmnesssaee e 6.2-8
6.2.2-3  Scaling of Prometheus-H Driver Cost, COE, Repetition Rate, and Number of

Beamlets with QULPUL ENEIGY...ccoivveiriirrieriireescerree e e e s st e s s sae e e maaeeens 6.2-12
6.2.2-4  COE Sensitivity io Prometheus-H Design and Performance Assumplions................. 6.2-13
6.3.1-1  Prometheus-L Plant Site Trimetnic View .. ..o e 6.3-2
6.3.1-2 Prometheus-L Plant Site Plan View ... .. e 6.3-2
6.3.1-3  Prometheus-L Building Plan View ... e 6.3-3
6.3.1-4  KrF Laser and Reactor Buildings — Plan View......c.ccccecvviviiinineciieci e 6.3-4
6.3.1-5 Elevation View ~ Typical Laser Beam Routing - 5 Places.........ococcoeviininiiniiiiincnnns 6.3-5
6.3.1-6  Elevation View ~ Typical Laser Beam Routing - 10 Places........ccooceineiiiiininiiiinn, 6.3-5
6.3.1-7  Electric Discharge Laser SubsyStem .. ... e 6.3-6
6.3.1-8  KrF Gas Flow Schematic for Waste Heat Recovery ..........ccoviiviiiiiiiiiies 6.3-7
6.3.1-9  Electric Discharge Laser MotuUIB. ..ot e eir e e ren e 6.3-8
6.3.1-10 Raman Accumulator/SBS Cell/Delay Ling......cccovreverririneecerrcinicen e remcenenead 6.3-9
6.3.1-11 Angular Beamline/Reactor Cavity Interface LOCations............eecvuereieeecieninninniennce 6.3-11
6.3.1-12 3-D Beamline/Reactor Cavity Inferface — Plan View ... 6.3-12
6.3.1.13 3-D Beamline/Reactor Cavity Interface — Timetnic ........cocccoeiiiiiiiiinniie 6.3-12
6.3.1-14 Final Optics Configuration — Reactor Building ... 6.3-13
6.3.1-15 Schematic of Final Mirror Protection Methods ..o 6.3-14
6.3.1-16 Elevation of Central Reactor Cavily Region.............ocoi oo, 6.3-16
6.3.1-17 Vacuum Pumping/Reactor/Final Optics Systems Interface ... 6.3-17
6.3.1-18 Prometheus-H Plant Site Trimetric View ... 6.3-19
6.3.1-18 Prometheus-H Plant Site Plan VIew ... 6.3-20
6.3.1-20 Prometheus-H Building Plan View ... v e e e e 6.3-21
6.3.1-21 Schematic of Heavy lon Driver SUbSYStEMS .........coooveimiiiiriiici e 6.3-22
6.3.1-22 Configuration of Induction Cores and Quadrupole Magnets ... 6.3-23
6.3.1-23 Typical Cross-Section LINAC Tunnel COmMPIeX ......oooooccvriiiiee e e 6.3-24
6.3.1-24 Storage Ring Plan VIEW ..........oooiiviiiiiiiric st e 6.3-25
6.3.1-25 Storage Ring Tunnel Cross-Section and Typical Beam Detail............cc.ccocoinceeee e 6.3-26
6.3.1-26 Buncher Accelerator Cross-Section........c.vvuiiiie it rreee e ee e 6.3-27
6.3.1-27 Beamline Configuration — Rouiing from LINAC to Reactor ... 6.3-28
6.3.1-28 Heavy lon Beam Final Focus Subsystem Configuration..............ccooo e 6.3-29
6.3.1-29 Elevation View — HI Beams/Reactor Systems Interface...........ccocceeviiiiiniiiccin e, 6.3-30
6.3.1-30 Plan View — HI Beams/Reactor Systems Interface ..o 6.3-31
6.3.1-31 HI Beam Channel Transport Configuration...........c.occieoiiiriiieineen e cemeec e 6.3-32
6.3.1-32 Elevation View — Reactor Systems/Heat Transport Interface..........cccccovvimeeeinenen. 6.3-33
6.3.1-33 Prometheus-H Elevation of Central Reactor Cavity Region...........o.ccooiiiiiiiie 6.3-34
6.3.1-34 Prometheus-H Target Injection System........... .. 6.3-35
6.3.2-1  Plant Site Plans for Two Reactor Design Options .........cccccveev i 6.3-40
6.3.2-2  Reactor and Laser Building Layout Shown with the Primary Coolant Systems

and a Portion of the Laser Beam LiNeS ... .cooovvmmmimemnciicii e 6.3-41
6.3.2-3  Heavy lon-Driven Reactor Has Two Beam Bundies Located on Opposite Sides

of the Reactor Vessel ... e 6.3-41
6.3.2-4  Reactor Vessel Cross Section with Major System Components Shown..................... 6.3-43
6.3.2-5 A Blanket Module Sector with Associated Coolant DuctS...........oooccc 6.3-44
6.3.2-6  General Arrangement of the Major Laser-Driven Reactor Equipment........................ 6.3-45

McDonnell Douglas Aerospace
Use or disclosure of data :
subject to title page restriction Xi



INERTIAL FusioN ENERGY MDC 92E0008, VoL. I

REACTOR DESIGN STUDIES MARCH 1992
LIST OF FIGURES - VOL. Il (CONT.)

No. Title Page
6.3.2-7  General Arrangement of the Major Heavy lon-Driven Reactor Equipment................... 6.3-46
6.3.2-8  Access to Reactor Vessel with Upper Bulk Shielding and Helium Coolant Bucting

BEMOVEM......ooiio i eeee e e ee et ieeeee e e et s e e e eeemn e eeaeseee e st s anan s e naman s erarrrsess 6.3-47
6.3.2-9  Segment of Reactor Vessel with Coolant DUCting............coocciiiiiie e 6.3-48
6.3.2-10 Segment of Reactor Vessel Showing Some Laser Ducts Removed................ocoevoein 6.3-49
6.3.2-11 Remote Manipulator Working on Vessel Lid Attachment Flange ...............cc.cooieeeeei 6.3-50
6.3.2-12 Reactor Vessel with Lid and Top Ring Manifold Removed ..., 6.3-51
6.3.2-13 Reactor Vessel with Manifolds Removed...........ooveviecin i, 6.3-52
6.3.2-14 Reactor Vessel with Upper Blanket Ring Removed............oooooieirrviniiiiec i 6.3-53
6.3.2-15 Reactor Vessel with First Wall Top Dome Removed.........o.ooiieiiivcnniniiiiiiinn 6.3-54
6.3.2-16 Vertical First Wali Panels Are Attached to Blanket Modules.................. 6.3-56
6.3.2-17 First Wall Aftachment OptionNs. .. ... oo 6.3-57
6.3.2-18 Reactor Building Maintenance Equipment and Provisions.........c.cccccvveniemeininininne 6.3-58
6.3.2-19 Main Bridge Crane and Exo-Vessel Maintenance of Target Injection System............. 6.3-59
6.3.2-20 Remote Handling Equipment for Final Optical Elements.............ccoveeiiniciiiciicnnns 6.3-560
6.3.2-21 Sector of Bulk Shield Wall Showing Positions of Vacuum Pumps Relative to Laser

BOaMINES.. oo e e e e e r e et e pr e enes 6.3-61
6.3.2-22 Schematic Arrangement of Remote Handling Equipment for Vacuum Pump Room....6.3-62
6.3.2-23 Lead-Steam Generator Maintenance .........cocoiiiiiiiieie e ciracvac e e 6.3-63
6.3.2-24 Helium-Steam Generator Maintenance.........c.ccccoveniiieiinnciree e viir e e 6.3-64
6.3.2-25 Lead Tank MaintenanCe........ ..ottt cetcitee e e eersrar e s mnr e e e e 6.3-66
6.3.2-26 Maintenance of the Electric Discharge Power Amplifier Module .......................cc. 6.3-67
6.3.2-27 Typical Maintenance System for a Linear Accelerator.............oveeeenoeiine e, 6.3-68
6.3.2-28 A Complete Set of Blanket Modulesinthe Hot Cell...........c...oo v 6.3-69
6.4.1-1  Beams with Top Hat Profiles Deliver Acceptable lllumination Symmetry ..................... 6.4-3
6.4.1-2  Top Hat Beam Performance Is Not Significantly Worse Than That of Beams

With sin®x/x2 Profiles in the Presence of Random Mispointing Errors..................... 6.4-4
6.4.1-3  Reasonable Loss Scenarios Do Not Lead to Target Failure With Top Hat Beams........ 6.4-5
6.4.1-4  Beams With sin®x/x2 Profiles Do Not Show Significantly Better Performance in

Beam Power Imbalance SCeNAN0S ... ..c..oov it 6.4-5
6.4.2-1  Shell Held in Place by Three Laps, Driven by Independently Controlied Motors......... 6.4-11
2

6.4.2-2  Target Costs Can BE Kept Low if Present Shell Production Technologies Can Be

Enhanced to Produce Reactor-Sized Targets ......cvvvrvvorivee e iircieceteeianiinins 6.4-14
6.4.2-3  Pressure Vessel for Diffusion FIliNG......ooo e 6.4-14
6.4.2-4  Energy From Beta Decay Can Form a Unitorm Solid Layer of DT Fuel ....................... 6.4-17
6.4.2-5 The Thermal Conductivity of the Shell Material Is an Important Factor in

Determining the Rate of Heat Transfer.........veuveeiiine e 6.4-18
6.4.2-6 Indirect Target Production ProCess. ..o vt 6.4-22
6.4.3-1  Functional Relationships for Buildings in Target Factory ..............cc.cccooviniiinni 6.4-25
6.4.3-2  Direct-Drive Sabots Must be Precisely Machined to Insure a Straight Trajectory

for the Loosely Seated Capsule ... 6.4-26
6.4.3-3  Zone ! Layout for Direct and Indirect Drive Targets Shows High Pressure and

Lo o Ta T o ol o T 1 £ ST PP 6.4-27

6.4.3-4 Computer Generated Interferometric Reference Patterns Suggest the Possibility
of Mass Inspection with the Aid of Pattern Matching and Artificial Intelligence.......... 6.4-28

6.4.4-1  Schematic of One of the Eight Direct Drive Pellet Injection Modules.............cccceooc.. 6.4-33
6.4.4-2 Electromagnetic Direct Target Injection System Employed in the Laser-Driven

217 Lo o) FR OO PPN 6.4-34
6.4.4-3  Pneumatic Indirect Target Injection System for Heavy lon-Driven Reactor.................. 6.4-36
6.4.4-4  Constant Gas Pressure Is Maintained During Acceleration by a Piston in the

L€ R ST oY o T SR 6.4-36

McDonnell Douglas Aerospace
Use or disclosure of data o
subject to title page restriction Xl



INERTIAL FUSION ENERGY MDC 92E0008, VoL. ll
REACTOR DESIGN STUDIES MARCH 1592

LIST OF TABLES - VOL. II

No, Title Page
3.51 Prometheus Economic GUIHEINES......c.cccv i iin v reer et cssne e e 3-17
4.1.1-1  Summary of Design Options Considered for KrF Laser System.........ccoccvvirininrcinnenn. 4-2
4.1.1-2  Laser System Scaling SUMMAIY ...ttt eee s e e e eressm e e e s 4-6
4.1.1-3 Optics Cost Basis for Prometheus-L Trade Studies...........ccccceviiinecnneciieise 4-6
4.1.1-4 Prometheus-L Design Peoint Optical Component and Cost Summary.........cccoceeeenen. 4-7
4.1.2-1 Summary of Design Options Considered for Heavy lon System.......cccccoovvv v 4-10
4.1.2-2 Heavy-lon System Scaling SUMMALY ........c.oeviiriiicrin e ereree e e e rer e srne 4-12
4.2.2-1 Parameters Appropriate for SBS Pulse Compressor Calculations..............cccoooecoeeeee. 4-33
4.4.1-1 Main Wall Protection Design Options Considered........coovvvveveiveeeiemeeeeiieeieeceeereenens 4-43
4.5.3-1 Coefficients of Polynomial Fits to Selected Properties of SiC ... 4-52
4.6.1-1 Parameters for Direct Drive Nested Trapezoidal Beam Arrangements ..............coooveeee. 4-75
5.1-1 Organization of Components and Technical Areas for Which Technical Issues

Are Identified. ... ... e e e 5.1-3
5.1-2 Definition of Potential lmpact Abbrevigtions........cooviiiiciiieiii e e eeeeaens 51-4
51-3 Definition of Design Specificity Abbrevialions ..o 5.1-4
51-4 Key to Operating ERVIFONMENTS.........ccoooiriiii e cireee s e D. 15
5.2-1 IFE K@Y ISSUBS SUIMITIATY ... ...ecrerieiet ittt e it te et e e et ee b ame s re e e e e es e en sranens 5.2-1
5.31 List of Critical Issues Identified by the Prometheus Design Study ........ccooeeiei 5.3-1
5.3.1-1 Summary of Demonstration Power Plant Direct Cost Scaling Used in Required

GaIN CUVE SHIAY.....coiiiit ettt e e e e et e b e e r e e 5.3-4
53.7-1 Abbreviations Used in Figure 5.3.7-1 ..o e 5.3-33
5.3.7-2 Reference Parameter Set for Tritium Self-Sufficiency Calculation................cccoceeeeninie. 5.3-34
5.3.15-1 Design Requirements for EBEL.......ocooiiiiiiiiiiic e eeir s eeeee e s eeee e £.3-54
5.3.15-2 Desigh Requirements for EDEL ...t re e e e 5.3-54
5.3.15-3 EBEL Developmental Problems ........oooi it 5.3-55
5.3.15-4 EDEL Developmental Problems ... ...t e 5.3-55
5.4-1 Tritium Inventories for Fuel Cycle Systems........oi s 5.4-22
5.4-2 Potential IFE Reactor Accidents by Subsystem. ... 5.4-58
5.4-3 Final Mirror Protection SUMMANY.........oooiiiiiie oo eeeee e e ae e nenns 5.4-63
5.5-1 Summary of Laser Driver R&D Task and Duration Estimates ...........c..ccocoveviiinnnnn. 5.5-9
5.5-2 Summary of Heavy lon Driver R&D Task and Duration Estimates................cn 5.5-10
5.5-3 Summary of Target R&D Rask and Duration Estimates ... 5.5-10
55-4 Feasibility of Laser-Driven Direct-Drive Target System R&D Task and Duration

L0 11 £ LT S T OO SO PO URT USSP POt 5.5-12
5.5-5 Feasibility of Heavy lon Driven indirect Drive Target System R&D Task and

DUrAtION EStiMate S oot e e e e as e 5.5-16
55-6 Feasibility of Laser-Driven Indirect-Drive Target Systermn R&D Task and Duration

(711 & =TT OO P VUSSP PO PTUTOUORTORR 5.5-19
5.5-7 Cost Reduction in the Heavy lon Driver R&D Task and Duration Estimates..................5.5-23
5.5-8 Demonstration of High Overall Laser System Efficiency R&D Task and Duration

S . (= U PSPPSR 5.5-31
55-9 Reliability and Lifetime for Laser Driver R&D Task and Duration Estimates ................... 5.5-40
5.5-10 Reliability and Lifetime for Heavy lon Driver R&D Task and Duration Estimate............... 5.5-40
5.5-11 Demonstration of Non-Linear Optical Laser Driver R&D Task and Duration Estimates...5.5-46

McDonnell Douglas Aerospace
Use or disclosure of data .
subject to titie page restriction X1k



INERTIAL FusioN ENERGY MDC 92E0008, Vou. Il
Reactor DESIGN STUDIES MARCH 1992

LIST OF TABLES ~ VOL. Il (CONT.)

No, Title Page
5.5-12  First Wall Protection R&D Task and Durafion EStimates.............ccceeoviriniiinniicicn e 5.5-49
6.2.1-1 Summary of Design Options Considered for KrF Laser System.............c.oooeecveeennne 6.2-3
6.2.1-2 COE Sensitivity to Variations in Key Prometheus-L. Design Parameters...................... 6.2-6
6.2.2-1 Design Options Considered for Heavy 10n System ... .ccoiivveiooiieeei e e 6.2-7
6.2.2-2 Prometheus-H Transport Lattice Scaling Model ............ccccceeiirieiimiccn e 6.2-9
6.2.2-3 Summary of LINAC Lattice Scaling Trade Studies for a 4 GeV, 7.8 MJ, +2 Lead

3 (=1 1) U UP SO 6.2-11
6.2.2-4 COE Sensitivity to Variations in Key Prometheu-H Design Parameters ............c.......... 6.2-12
6.3.2-1 Major Mainenance BEMS ... ..ottt e e s e e esern e en e areees 6.3-37
6.3.3-1 Reported Availability for Existing Power Plants............ccocoiiiiiiineniiicee e 6.3-71
6.3.3-2 IFE Failure Rates and Repair Times for Subsystems .........cccocveiveivieneciecieicieie e 6.3-76
6.3.3-3 Heavy fon Driver: Failure Rate and Time AnalysiS .............cccoveioeueivrreo e i 6.3-80
6.3.3-4 Maintainability Task Analysis SUMMATY.........ccccvrvreeirreeinsernerrecerraeeesee e ees e eeas 6.3-81
6.3.3-6 IFE Inherent Availability Computations..........ccccooiiiiii e e 6.3-82
6.3.3-7 Summary of Blanket and First Wall Reliability and Maintainability Data ................ccc...... 6.3-82
6.4.1-1 Effects of Cavity Environment on Direct Drive Targets After 0.099 seC..........c.....cccc.. 6.4-7
6.4.3-1 Target Factory Staffing ReqUIremMentS.......ooo oo i e e e 6.4-31

McDonnell Douglas Aerospace

Use or disciosure of data .

subject to title page restriction Xlv



