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Relative Amount of 
Fusion Reactions to 

Make the Same 
Electrical Power

ARIES-I Wildcat APOLLO-L POLYWELL

The Amount and Form of Energy Required to Make Fusion Power is 
Quite Dependent on the Fusion Fuel Cycle
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Blanket and Shield Design
Objective:  To convert TN heat into useful
energy, i.e.,

Steam
Fissile Fuel

Synthetic Fuel
Electricity (directly)
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Chamber Pressure

Magnetic   ≈ 10-5 torr

Laser  ≈ 1 torr
HIB     ≈ 10-4 torr
LIB      ≈  1-100 torr

What Kind of Materials are in Fusion Reactors?

Chamber Gas He, Ne, Xe

Blankets
Structure Steel, V, SiC, C, Ti Alloys

Breeder Li, Li2O, LiAlO2,Pb-Li. 
H2O +LiOH

Coolants H2O, Li, He, Pb-Li, Li2O

n Multipilers Be, Pb, Zr

Moderator/Reflector Steel, C

Shield Steel, B, Pb, W, Concrete
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The DT Fusion Cycle Uses D and Li Fuels
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Potential Lithium Containing Materials That Could Be Used

to Breed Tritium
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Information Summary of Candidate Breeder Materials

L i ( l i q u i d )
L i P b 4
( l i q )

L i B i 5 P b 4
( l i q ) L i 7 P b 2 ( s ) L i A l ( s ) L i 2 O ( s ) L i A l O 2 ( s ) L i O H ( l i q )

Materials
Data Base

Good Poor Zero Fair Fair Fair Fair Fair

MP °C 1 8 0 2 3 5 1 2 5 7 2 6 7 0 0 1 4 4 0 1 6 0 0 0
Tmin °C 2 3 0 2 8 5 1 7 5 2 7 0 2 5 0 5 0 0 4 5 0 1 0
Tmax °C 4 0 0 5 5 0 4 0 0 3 3 0 3 1 0 8 0 0 8 5 0 2 0 0
Reason
for Tm a x

Corrosion Corrosion Corrosion <--- - - - - - - - - - - - - - -Sinter ing-- - - - - - - - - - - - - - - - -> Corrosion

Breeding
Capability

Good Good Good Excellent Poor Good Poor Good

Steady
Tri tum
recovery

Excellent Excellent Excellent Poor Poor Poor Fair Excellent

Reactor
Relevant

V e r y
Good

V e r y
Good

V e r y
Good

poor Poor ? ? Poor

Chemical
Reactivity

Bad Fair Fair Poor Poor Hygro-
scopic

Best Best









Tritium Decay

  3H-->Beta ( 5.7 keV) + 3He

t 1/2= 12.35 y 5.6% y-1

Tritium Costs

Activity = 10,000 Ci/g
Cost ≈ $ 30,000/g     30$B/tonne

Biological Effects

     • Biological half life ≈ 10 days

• Ingested Dose     1 Ci ≈ 70  mrem

• Maximum Permissible Body Burden ≈ 1 mCi
• Oxide forms ( HTO, T2O) greater hazard than 
gaseous forms







Radiological Hazards of Pu and T2 in a 1 GWePower Plant
Units Plutonium Tritium

Inv. Outside Blanket kg 900 25
Annual Flow Outside Blk. kg/y 1600 32 (BR=1.25)
MPC (air)
Insoluble 239Pu, HT or T2
gas

Ci/km3 0.001 40,000

Sol. 239Pu, HTO vapor Ci/km3 0.0006 200
BHP (air)
Pure 239Pu, T2 km3/g 63 to 1,000 0.25
Reactor Pu*, T in HTO km3/g 300 to 5,000 50
BHP (air)/GWe• y

Insoluble Pu, T2

million
km3/y 450 0.008

Soluble Pu, HTO
million
km3/y 7,500 1.6

BHP (air) /GWe

Insoluble Pu, T2

million
km3 270 0.006

Soluble Pu, HTO
million
km3 4,500 1.25

MPC (water) Ci/km3 5,000 3,000,000

BHP (water)
Pure 239Pu in Soluble
Compound

m3/g 12,500

Reactor Pu* in Soluble
Compound

m3/g 62,500

Pure Tritium in HTO m3/g 3,300,000

BHP/GWe•y km3

water/y 94 110

BHP/GWe km3 water
56 83

* 238Pu, 239Pu, 240Pu, 241Pu, 242Pu


