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6. Fission-fusion hybrid systems



Essentials of Fusion Power Generation

Neutron multiplication

Tritium breeding 

Power production



Characteristics of Power Reactors

b NWL=3 MW/m2 ;volume was taken for “in-vessel” component and magnets, so plasma void is 
excluded

a ABDOU, M., Exploring Novel High Power Density Concepts for Attractive Fusion Systems, Fusion 
Eng.Des. 45 (1999) 145



Concepts of Hybrid Reactors

Fission 
14 MeV

14 MeV N
A

238 U+n =  Pu
239

Fission 

Capture

232 Th+n =  U233

Fissile:             U-235, U-233, Pu-239

Fissionable:   Th-232, U-238,   MA (Np-237…)



Brief History of Fusion-Fission Hybrids

1954: The idea of hybrids was first considered at the Lawrence 
Livermore Laboratory (Imhoff et al.)

1961: Integral experiments with a natural uranium pile and a DT 
neutrons (Weale et aI.)

1969: The concept of fusion-fission "symbioses"  was presented 
(Lidsky) 

1972: Fusion neutron induced fission of U-238 was introduced as a way 
to improve the power balance of low-Q fusion systems  (Lee). 

1979: Fission-suppressed class of fissile-breeding blankets (U, Th) 
(Lee)

1990-s Fusion-Driven transmutation of nuclear wastes (Minor Actinides)



Power Flows in Fusion Facilities

is the power of i-type (i=fusion power, 
ignited, auxiliary)

is the thermal conversion efficiency 
(j= blanket power, power release in the 
neutron source)
to produce electric power

is the conversion efficiency of 
electric power to the power of 
k-type(k=injection

power, auxiliary power).



Break-Even Condition

efficiency of net electricity generation:
a ratio of net electric power produced to total heat generation

electric power self-sustaining in fusion reactor



Glance at History

1983

On the Role and Technological Readiness of Fast Breeders 
and Fusion-Fission Hybrids in the World Nuclear Future 

S.l. Abdel-Khalik and G.L. Kulcinski Nuclear Engineering Department, University of Wisconsin, Madison, 
Wisconsin 53706 (USA) 
G. Kessler Nuclear Research Center, D-7500 Karlsruhe (FRG)

Examination of the current status of fusion physics 
and technology reveals that there are only three 
fusion devices which might realistically achieve the 
necessary performance and be commercially 
available at such 
✓ tokamaks,
✓ tandemmirror devices, and 
✓ light-ion beam-driven inertial-confinement 

fusion systems

“…whether or not it is possible for hybrids to be commercially 
introduced within the time window (2000-2020) identified earlier as 
necessary for the world demand to be met within the known resource 
base.”

Fuel Breeding:

1 Fast Breeder – supports  2/3 LWR (the same power)
1 Fus-Fis-Hybrid       - 25  LWR

(suppressed fission)                (U-233)



Subcritical Blanket

Parameters&Limitations

a STACEY W., Capabilities of a DT Tokamak Fusion Reactor for Driving a Spent Nuclear Fuel Transmutation Reactor, Nuclear Fusion , 41 (2001) 135
B REITER, D., et al, Edge Plasma Physics Overview,  Transactions of Fusion Technology, Design, 29 (1996) 267

c HOFFMAN, E., et al., Radioactive Waste Disposal Characteristics of Candidate Tokamak Demonstration Reactors, Fusion Technology, 31 (1997) 35

d GIANCARLI, L., et al, Design Requirements for SiC/SiC Composites Structural Material in Fusion Power Reactor Blankets, Fusion Engineering Design, 41 (1998) 165
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