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E 1, Various fusjon reactions

Classical Fusion Fuel

D+T —n (141 MeV) + ‘He (352 MeV)

Conventional Advanced Fusion Fuels

D+D—p (3MeV) +T(1MeV)

D+D—n (24MeV) +*He (08 MeV)

D+%Li —2%He (224 MeV)

D+3He -~P(146MeV) + *He (3.7 MeV)
Exotic Advanced Fusion Fuels

P+ °6Li —%He (23MeV) +4He (1.7 MeV)
P +UB — 3*He (B7MeV)
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¥ 3. Design characteristics of STARFIRE

DESIGN FEATURES

IMPACTS

Reduce physical size and reactor
output
Steady -state operation

Nondiverter concepts for impur-
ity control and ash removal

Plasma heating technology
Reduce neutral beam energy
RF heating

Startup and shutdown
RF assisted startup

Steady -state operation

Longer startup times (~10s) for

pulsed operation

Maintenance
Modularized first - wall/blan-
ket concept
EF coils outside TF coils
Reduce number of TF coils
Location of vacuum boundary
at shield

Energy conversion
Solid tritium and liquid lead/
lithium breeders
H;O coolants and PWR and BWR

power conversion

Most compatible with current plant sizes and lower unit costs

More reliable operation,lower energy costs

Higher wall loadings -smaller reactor ,lower capital costs
No energy storage - lower capital costs

Simplified energy conversion system-lower capital costs
Reduce size of , or eliminate , OH coil

Lower capital costs

Less complexity ~more reliability

Improved access for maintenance

Higher tritium burnup , lower tritium inventories
Reduced neutron streaming

Use existing positive ion beam technology
Reduce neutron streaming

Easier interface with blanket/shield
Better access for maintenance

Reduced shielding costs

Reduced OH voltage requiraments

Reduce dB/dt for OH coil

Reduce volt - second requirement

Permits long startup times with very small or no electrical

energy storage

Permits long startup times with very small or no electrical
energy storage
Can use conventional power supply and energy storage

technology

Simplified maintenance operations with minimum in-reactor
operations

Better access without moving or disconnecting coils

Better access

Reduced requirements on first wall

Simpler mechanical vacuum seals

Easier access

Improved safety

Simplified BOP systems
Reduce BOP costs

(661)



¥ 4, Design parameters of the commercial Tokamak reactors

NUMAK Culham IIC | STARFIRE| SPTR-P
Design Parameter United States United kingdom| Unifed Sta- Japan
1979 1979 tes 1980 1981
Major Plasma Radius (m) 5.1 7.8 7.0 68
Minor Plasma Radius (m) 1.13 20 1.94 2.0
Plasma Elongation 1.64 1.68 1.6 1.6
Gross Thermal Power (Mw) 2100 1825 4000 3700
Neutron Wall Loading(Mw/ m?) 40 1.5 3.6 33
Plasma Current (MA) 7.2 11.0 10.1 16.4
Average Toroidal Beta (%) 6.5 7.7 6.7 7.0
Burn Pulse Length (s) 225 27 Continuous | Continuous
Plasma Current Drive None None rf rf
--- - - - 90 MW 80 MW
1.7 GHz
Plasma Heating rf NBI of rf
80 MW, 86 MW 90 MW
92 MHz 1.7 GHz
Toroidal Field (T) 12 >8 11 12
Impurity Control Method Gas Blanket None Pumped Pumped
Limiter Limiter
Structural Material /Coolant Ti- Al -V/HO | Stainless Steel | Stainless Stainless -
/ Helium Steel/ H,O | Steel/H,0
Blanket Breeding Material Ligy Pb ss Lithium LiAlO, Li, O
Compound
°ﬂ %6‘]"_ 7/’19-1 ‘?EEE] ‘—’1' o] %l"g‘ 19 fitid 2‘_ tm}}ﬁ_toﬂzﬂ oro &2 ;F]”:ﬁﬁjﬁg—;ﬂ. nE o“ Y JE%BI
o sk # 1007} Folwd ol 21 g & P BEES H504 & 4 gk ol Kol o
o = Rl VAl HEE °F 0.7Qel Hatw ﬁiﬁ st KGE, oM 9 BRAHESol K&K B

Fos 50TW (10'*Wyol #fjo) HEYS o=
mEHt® 3

NFEE AL ERY gkl b £ AEole
Slet. ol 5 KBRS BAREFRE HHE wole

# 5. Limits of various energy sources

Renewable Energy S ources

Solar Electric, Heating & Cooling

Biomass

Wind Power

Wave Power & Tidal Power

Hydroelectric Power

Geothermal Power

Organic Wastes

Practically Recoverable
Fossil Fuels

Coal & Lignite (2.35% 10 tons)

Crude Oil (2.1x%10%! barrels )

POWER LIMITS, TW

by 2030 Ultimately

~3 ~100 ?

3 10

1 3

0.1 1

1.5 2.9

0.2 0.4

0.1 0.1
ENERGY LIMITS

Joules TW- years

53.2 x 102! 1690

12.4 x 103! 390
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Natural Gas (3.4x%10" m® ) 13.1 x 10%! 415
Tar -sand Oil (3 X10" barrels 1.8 x10%! 57
Shale 01l (1.9 % 10! barrels ) 1.1 % 102! 35
Total 81.6 x 107! 2590
Nuclear Fission Fuels Joules TW- years
U- 235 1072 300
U~- 238 Th - 232 >1072%° >3 x10°
Nuclear Fusion F uels Joules TW - years
Lithium for DT Reactors on land 2 x10% 6 x10 *
in Oceans , Containing 0.17 ppm Li 2 x1028 6 x108
Deuterium in Oceans . 8x10% 2 %10

H# 6. Estimated environmental impacts of 1 GWe power plants

UNIT ENVIRONMENTAL
IMPACT

(Per GW yr or GWe ) FOSSIL SOLAR LWR LMFBR HTGR FUSION
Releases in 2040
Heat (102 Btu) 58.0 44.0 66.8 44.0 51.2 44.0
Radionuclides
Tritium (curies ) 0 0 33,300 1,400 36,800 1,400
Krypton (curies ) 0 0 3,480 2,080 4,370 0
Xenon (curies ) 0 0 48.5 0 0 0
Plutonium(curies ) 0 0 0.20 0.16 0.08 0
Transuranics (milli-curies) 0 0 1.06 0.16 0.01 0
Other (curies) 0 0 0.168 0.004 0.020 0
Nonradioactive Materials
S0, (10® tons) 15.7 0 0.034 0.034 0.034 0.034
NOx (10% tons) 36.0 0 0.076 0.076 0.076 0.076
Chlorine (tons) 27.0 20.0 47.1 234 32.9 23.4
Radioactive Waste Burials
High-Level (Ft®) 0 69 69 63 0
Other (Ft?) 0 42,000 42,000 7,500 20,000
Radiation Doses (man -rem)
General Public 0 0 32.5 5.2 32.0 3.2
Employees 0 600 440 490 600
Plutonium Discharged
( metric tons) 0 0 0.53 2.4 0.00004 0
Truck Shipments 0 0 191 111 62 56
Railroad Shipments 33.750 0 30 75 27 0
Land Use (sq, mi, ) 3.0 10.0 1.30 0.67 1.0 0.63
Material Usu
U3 and ThO,
(10 metric tons) 0 0 0.230 0.030 0.163 0
Coal (10% tons) 4.0 0 0 0 0 0
D, O (metric tons) 0 0 0 0 0 0.066
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