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1. Background
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Fusion science and technology 
is making progress，but…

 International Thermal Experimental 
Reactor (ITER) is under construction,

preliminary feasibility of controlled fusion will be
demonstrated in ITER,
Fusion Gain Q~5, Fusion Power:300-500MW

 There are still a long way to go for 
pure fusion reactors: 
High Q: ~30
Material Irradiation: ~200 dpa for structural material

 FFHR can accelerate the early 
application of fusion energy

…
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Traditional  Fusion Fission Hybrid 
Reactor (FFHR)

 FFHR can be classified as Breeders 
and Transmuters
Breeders were popular before 1980s, to produce 
plutonium for fission reactors, and form the so called 
fusion fission symbiotic system

Breeders will need frequent separation of plutonium 
from uranium , which limits its development 

Transmuters become more popular after 1990s，as 
the inventory of accumulated spent fuel increased.

Transmuters need tens of tons of plutonium in the 
blanket, which is nearly ten times the plutonium in a 
fast reactor
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FUSION FISSION HYBRID 
REACTOR FOR ENERGY (FFHR-E)

 fusion power 300~500MW, Q~5. 
The average energy multiplication (M) is about 10, 
and Tritium Breed Ratio (TBR) is greater than 1.15，
blanket power ~3000 MWth
Nearly 600 tons nature uranium, which can be 
reused in multiple cycles, Breed and burn of 
plutonium in blanket
simplified reprocessing without separation of 
TRUs



2. Blanket neutronics and 
Numerical tools
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Couple of Neutron 
transportation and burnup
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Nearly 340 nuclei and 9 different types transition cross 
sections are considered in the transport 
calculation(MCNP)

Nearly 1700 nuclei are considered in burnup 
calculation(ORIGENS)
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MCORGS＝MCNP+ORIGENS
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MCORGS VERIFICATION

MCORGS HAS BEEN TESTED BY THE FOLLOWING PROBLEMS
1. OECD/NEA burnup credit calculation criticality benchmark 

phase I-B, 1996, ORNL-6901
2. VVER-1000 LEU and MOX assembly computational 

benchmarks”.NEA/NSC/DOC(2002), ISBN 92-64-18491-
0 

3. IAEA ADS benchmark results and analysis”. IAEA ADS 
Benchmark , Madrid: TCM.1999:451-482.

4. It is also used to calculate  and analysis the following 
hybrid system the ultra deep burnup hybrid model of 
Laser Inertial Confinement Fusion Fission Energy( LIFE) 

5. Analysis the fluid Transmuter model of In-Zineraters.
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OECD/NEA Burnup Credit Calculation
Criticality Benchmark Phase I-B
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VVER MOX-Gd Benchmark
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IAEA ADS Benchmark
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Numerical results of LIFE
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Numerical results of In-Zinerater

a. No reactivity control b. reactivity control



3.Design guide line and the 
blanket model of FFHR-E
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Design guide line of FFHR-E

1.Tritium self-sufficiency. 
Average TBR in the long run 
should be greater than 1.15

2.M is about 6~10 to maintain 
3000MWth in the blanket.

3.More fissile material generated 
than consumed.
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The blanket model of FFHR-E
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The blanket model

The fusion source
14.1Mev isotropic homogeneous volume neutron source

Blanket thermal power is kept at 3,000 MWth

The fission fuel zone
0.3 cm Be/ 2 cm first wall(FW) /1cm separator/12cm

fuel zone/1cm separator

hollow pipes in FW and separators, to remove heat by 

pumping water in case of an emergency.  

The VR of solid part to water is 2:1 

Average burnup over 5 years is less than 1%.
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The tritium breeding zone

 15 cm thick

 Li4SiO4 is the tritium breeder, the packing ratio is 
0.6. 

 The enrichment of 6Li is 90%. 

 light water is used to moderate the neutron so 
as to improve the tritium generation efficiency 
and reduce the amount of Li4SiO4 in the blanket. 

 The VR of lithium to water is 1:1.
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The shield zone

 68cm thick.

 Fe and light water are arranged alternately. 

 neutrons are moderated dramatically by 
the Light water, so are absorbed in Fe. 

 The leakage rate of neutron from the 
blanket is less than 10-4.



4 Numerical results of FFHR-E
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BOC

 TBR=1.06, M=9.14, F/B=2.27, 
F-B=0.78. 

 fusion power~ 280MW, and 
1100Kg fissile material will be bred 
the first year in FFHR-E. 

 both TBR and M will improve in a 
long time for the better fissile 
material breeding capability of the 
blanket.



DPAs from neutron irradiation
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DPAs  in FW， poloidal direction

Be：plasma facing material

Fe：FW structure material
Zr_front/back：front/back row emergency pipe 

DPAs  in coolant pipes，
poloidal direction

Zr_1~Zr_5:  Coolant pipes from 
row 1 to row 5

Max dpa less than 50 in five years
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The reprocessing strategy

 Decreasing the reprocessing 
frequency
the spent fuel is reused every 5 years and 5 tons 
of depleted uranium is added

Simplifying the reprocessing 
procedure
heating the spent fuel by the decay heat 
since the melting point of the alloy is lower 
than traditional UO2 fuel.
no separation of TRUs
remove only part of the fission products
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Two kinds of reprocessing Scenarios

1. Only part of fission products are removed.

Simplified pyro-reprocessing every 5 years

Heat up the spent fuel to a high reprocessing 
temperature by decay heat, fission product elements 
whose boiling points are below the temperature will 
evaporate. 

2. All the fission products and no transuranics are 
removed.

Simplified aqueous-reprocessing or advanced pyro-
reprocessing every 60 years
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The selection of pyro-reprocessing 
temperature

 2100K is highly suggested

time/year time/year
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The combination of scenarios 1 and 2

 In the first 60 years, the average TBR and M are 
1.15 and 12. From the second to tenth 60 years, the 
average TBR and M are above 1.35 and 18. 

time/year



Plutonium inventory 
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5 Summary

 MCORGS is used to simulate  the Breeding 
and Burning Process of Plutonium in FFHR-E

 FFHR-E can accelerate the early 
application of fusion energy
 The temperature for simplified pyro-

reprocessing is suggested to be 2100K
 The refuelling period is around 10 years; 

the spent fuel can be reused multiple 
times so as to make fuller use of natural 
uranium.
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