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INERTIAL FUSIiON ENERGY MDPC 92E0008, VoL. Nl
ReacTOR DESIGN STUDIES MARCH 1992

PROMETHEUS-H BASELINE PARAMETER LIST

GENERAL PLANT PABRAMETERS VALUE
Net Electric Power (MWe).........cooce et 999
Gross Electric Power (MWE)..........ccoviiiiieeiice s 1189
Recirculation Power (MWE).......cc.coov it 190
Driver Power (MWEe)...........ccoocrcinincinninieinnnee. 137
Auxiliary Power (MWe).........cocoo e, 28
Cavity Pumping Power (MWe).........ccocoivivcenn. 25
Total Thermal Cycle Power (MW1)........ooooiie e 2780
Net Thermal Power (MW1).......ccoovvvreeeiee, 2759
Blanket (MW)..........cccoonne. 1597
First Wall (MWt).................... 1162
Usable Driver Waste Heat.............cccccvinnn. NA
Usable Pumping Waste Heat............................. 21
Thermal Conversion EffiCiency (%0)...cccvveeeivrerveceeecee e 42.7
Recirculating Power Fraction (%6)....cccccooeeeve e 16
Net System Efficiency (%6).......ooverrrrrnenieeieniinii e 36
Net Thermal Power (MWt) ((1.14x1818)+725-38)......cccccvecuneee.e. 2759
Fusion Power (MW)........cooeevorrer e, 2543
Surface Heating Power ....... 725
Neutron Power ...................... 1818
Energy Multiplication Ratio............ 1.14
Power Loss to Shield.........c.ccooooviiiiiiin -38

REACTOR CAVITY VALUE
Cavity RadiUs (M)....ceeeeeeeeeeeie et e 4.5
Cavity Cylinder Height (m)..........ooviviooimieeeeeeeeee e 4.5
Total Cavity Height (mM).....cccooveee e 13.5
FW Surface Area (IM2)........ceeeevueeeeveeeeiie et 382
VOIIME {M3)...eeee ettt 668
Total Target Yield (MJ)......oooooeeeieceeee e 719
XAy (MU 46
Debris (MJ).....ooveeeee e, 159
Neutron (MJ).......ccoeveveeeeeeee, 514
Power
Surface Heating (MW).......coouvieieeceeeeeeee e 725
Neutrons (MW).........cooei e e 1818
Neutron Source Strength (N/SeC).......ovvveeeeeceeeeeeeeeeeeeen 8.82x1020
FW/Blanket/Shield Characteristic
LI = & U OOV 1.2
Power Multiphication...........cccinnineci e 1.14
Nuclear Power (MW) (1818x1.14)......cciivvviieiieceiee, 2073
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INERTIAL FUSION ENERGY MDC 92E0008, Vou. Il

REACTOR DESIGN STUDIES MARCH 1992
REACTOR CAVITY (Cont) VALUE
Nuclear Power Distribution % MW
First Wall (+Surface Heatg).........cc........ 21,1 ............ 1162
Blanket/Reflector/Plenum...................... 774 1598
Vacuum Vessel........ccccercnnnnicnccnenne. 04 ... 83
Shield (concrete).......oovvevvervreeeceiere 1.4 ... 28
First Wall System
Structural Material..........ccooevrrevivercree e SiC
Coolant Channel Wall Thickness {mm).......ccccevveeneen. 5.0
Coolant Channel Diameter {Cm)......c.ccccceeccieeiencrnene 5.0
Mean Fiber Pore Diameter (Lm).......ccoooeevivvecveiciiecee, 50.0
POFOSIEY (Z0).eveeveeieieeeieee et s 10.0
Permeabi[]ty (m2) ............................................................... 1.76x10-14
Coolant Media..........coevireeieeie e Liquid Lead
Surface Protection Media..........cooveeveveceiceiecvecce Lig Lead Film
Surface Film Thickness (Mm)........c..coovievrrercrnieeee 0.4-0.6
Inlet Temperature (PC).....ovrircirrierrereene e rrereeserseerenes 375
Outlet Temperature (°C)......ccocoveimieicricrree e 525
Delta-T(Bulk) (PC)....oarereeeereeeeeeeee e 150
Mass Flow Rate (KQ/S).....occoeevererrerececeeseeeiee e 54,422
Volume Flow Rate (kg/s)......ccccceeeverererseeneeene O 5.21
Coolant Flow Area(cylindricat chamber...................... 1.1775 (m?3)
Average VelocCity (M/S)........ccovieiircniniineee e 4.42
Reynolds NUMDET........c..c.oooiuieieecce et 1.12x106
Frictional Factor..........c.coov et 0.02
Coolant Path Length (m)....cocooi e 12.34
Frictional Pressure Drop (MPa).......ccooreveeevineiiieen. 0.5
Inlet Pressure (1op)(MPa)........ccocvemeerreereeececee e 1.0
Outlet Pressure (bottom){MPa)............ccococvevverirviiennn, 1.5
Pumping Power (85% efficiency)(MW)....................... 3.0
Maximum SiC Temperature (°C)...ccccoevieiveieceeeeree. 775
No. Lig Lead Steam Generators.........c..ccocceviveeicnnnn, 6
NO. Lig Lead PUMPS......cc it 6
Blanket System
Structural Material.............ccceovreiee e SiC
SiC Min Temperature (PC).....cocevrvieciererereeeee e 400
SiC Max Temperature (PC)....ccviviiinerrienenniencennesenaas 765
Coolant Media.........cccvevcneiiieceee e Helium
Helium Iniet Temperature (°C).....ccviiciiiiiiiiiiiee 400
Helium Outlet Temperature (°C).......coccovevciiiiieeceeie 650
Helium VeloCity {M/S)....ccooeee e 42
Helium Inlet Pressure (MPa)........cccoeeveeeieeeeeeceeceee 1.5
Pressure Drop (KPa)......cccovvcvecerrvcreeciceeceiceeeren e 19
Neutron MURIplier.........cvoviceeeeeeee e FW Lig Lead Coolant
Breeder Material.............ccooeeiiiininiece e LioO
Li20 Min Temperature (°C)......ccoce e, 422
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INERTIAL FusioN ENERGY MDC 92E0008, Vol. Il

ReAacTOR DESIGN STUDIES MARCH 1992
REACTOR CAVITY nt VALUE
Bianket System (Cont)
Lio0 Max Temperature (°C)......oceveererrcenrrrrrrerosrcernnens 765
LioO Theoretical Density Fraction.......c.ccccovvneevenen. 0.8
LizO Density (KO/MB)......ooreereeceeern et teeeeniesenenenas 2.01x103
Beeder Volume (M3).......coovvrrrenrrnsesecreeneeis e 75
Avg Annual Li BUMUP (%0).e.vcoeerenenececiereene e 0.6
Peak-to-Average Bumup (%6).....cccovnrirennieccrcrnieecenne 3
TrtiUm INVENTOTY (). coeeeee e 100
Tritium Generation Rate (g/day).......coovveevoencineieceennes 362
BET Surface Area (M2/Kg).....eovvveeeeereeeeereeeeeeeceeeeeeeaenns 50
Grain Radius (LM J.....ooo oot 10
Grain Diffusion Coefficient:
Pre-exponential Factor (m2/s)....... 6.81x10°7
Activation energy (kJ/mol).............. 84.8
Purge COmMpOoSItioN.........ccoviivrreeie e He + 0.2%H2
Amount of Protium in Purge (%6)......cccoovieviiicrieien e, 0.2
Helium Purge Pressure (MPa)............coooniniiiiiiinne. 0.2
No. Helium Steam Generators............ccoorvmiiinccncie 6
No. Helium Reheaters..........cccoeniiniiieees 6
No. Helium Recirculators. ..o 6
Vacuum System
Cavity Pressure @0 °C (miorr,Pb).....cccocevevvvreecnneen. 100
Background Gas Density (Cm=3)........ccocveeeereececerenenee 3.5x1015
No. Vacuum Pumping POrs.........coccovevveveireieeecicees 4
No. Vacuum Pumps/POm..........cccoormreeeees 3
Vacuum PUMP TYPE....ccorererereeeeeeere ettt Roots Blower
Vacuum Pumping Port Diameter (m)........cccovevvevinicines 1
Vacuum Vessel Material..........coccoeeeecveriiorieee, Ferretic Steel
Cavity Exhaust (total)........ccccovre e 110.6 mg/s.... 48,056 I/s
ma/s s
Hydrogen (total-all forms) ............. 104.6............ 47,308
[ (=117 1 SRR 6.0..cccceenne... 748
DRIVER SYSTEM VALUE
DVET TYPO ettt e et Single Heavy lon Beam LINAC
Target Hlumination Scheme........coocvoioiiiv e Indirect Drive, Two Sided
Number of Beams..(12 main + 2 prepulse)...........cccceeeeneis 18
Repetition Bate (PPS)...c..cveeererrenrire v 3.54
Driver Output Energy (MJ).......... (7.0 delivered to target).... 7.8
lon Accelerated....... ..ot Lead
Charge State........coveeieeeeeriee s ieeiet e st +2
Final Energy (GEV)...c...oo ettt e 4.0

Driver POwWer (MWE).......ccoviicr e snee e 137
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MDC S2E0008, Vo.. Il
MARCH 1992

INERTIAL FusioN ENERGY
REAcTOR DESIGN STUDIES

PARAMETER SUMMARY SINGLE-BEAM, MASCHKE SCALING

(alpha = 0.2, beta = -0.15, gamma = 0.8
Main Prepulse
Ramped Main Beam Preputs Beam
to Fixed Final Beam Final Beam Final
Injection { Transition | Transport | Buncher Focus Buncher Focus
Beam Volage MY 3 49.73 2000 2000 2000 2000 2000
Beam Radius cm 9.39 9.35 9.39 9.94 15.02 10.50 14.84
Lattice Period m ] 05 1.33 4.85 4.67 3.55 4.50 3.56
Puise Length ns 15495.0 1639.0 85.3 70.5 17.8 176.4 54.4
Bunch Length m | 3654 15.74 513 4.24 1.07 10.81 3.27
| Beamlet Current A ] 14 132 2532 3065 12125 3674 11915
Packing Fraction % 69.0 39.3 18.8 21.5 56.2 24.4 55.5
Magnet L@gm m 0.344 0.523 0.911 1.00 1.98 1.10 1.98
Magnet Bore Rad _cm 15.51 15.51 15.51 16.43 24.81 17.34 24.68
Magnet a/l. Ratio 0.273 0.179 0.103 0.099 0.075 0.096 0.076
Core Inner Radius cm 43.0 43.0 43.0 155.44 0 68.0 0
Care Thickness  cm 36.9 150.2 7.8 6.48 0 16.2 0
Depressed Tune Deg { 8 5.25 3.02 2.59 0.86 2.24 0.87
Main Prepuise
Main Beam Prepulse] Beam
Ramped Fixed Storage Beam Final Beam Final
Gradient | Gradient Rings Buncher | Transport | Buncher| Transport
Number Beams 1 1 14 6 3 1 1
Section Leng}hs m 2225 19_53.9 157.3 84.5 180.0 165.6 180.0
Tunnel Widths m 9.8 9.7 8.1 8.1 8.1 8.1 8.1
Core Volume e 906.0 1628.6 0 60.4 0 193.0 0
Pulser Energy M| 013 1.9 0 0.49 0 0.59 0
Number Quadrupoles 300 578 34 18 39 41 37
Quad Lengths cm 40.1 77.0 1.1 94.0 133.4 96.6 141.1
Number Dipoles 0 0 32 0 19 0 20
Dipole Lengths cm 0 o 239.6 0 220.8 0 215.5
Magnet Powers MW 0.9 1.734 0.198 0.054 0.348 0.123 0.342
Driver Efficiency Yo 70.6 85.0 34.4 20.6
| Zion 2 Aion 207 Eion 4
B_pole 1.97 Nbeams 18 Em itn 8.8
O 0.20 Be -0.15 s 0.80
BF 0.20 fBunch 2.1% TGT 7.28
LenSTND 30 faunpp 4.9% TPRE 30
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INERTIAL FUsSION ENERGY MDC 92E0008, Vou. ill

REACTOR DESIGN STUDIES MARCH 1992
TARGET VALUES
TAIGEE TYPE.c. ettt e e eeaenes Hohlraum
Target lllumination Scheme............cocvveeie i Indirect Drive, Two Sided
Driver Output Energy (MJ)......ccveeerrereeeeee et 7.8
Final Beam Transport Efficiency.(%}..cccocveeveeeeirieeeceeeeen 90
TArGET GaIN.....coveereceee e e e s e ers e 103
Target Yield (MUJ)......oo et e 719
Neutron Energy (MJ).....ccvecerneecnncenen. 514
Debris Energy (MJ)..cc.c e, 159
X-ray Energy (MJ).....cccooeoinirieieinnnnnenne 46
Fusion Power (MW).........cccoiiiiinieeeeee e ee e 2543
Neutron Power (MW)..........ccooeii. 1818
Surface Heating Power (MW)................ 725
Repetition Rate (PPS).....coveoevinimeeriineeiec e 3.54
Fuel Burnup Fraction..........ccooeevieeececeeeee e 32%
Tritium Throughput (Q/AaY)......cceeeeie e 1248
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