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In a world economy highly sensi t ive t o  increasing energy demands, i t  

is vi t a l  t o  investigate a1 1 viable combinations o f  energy producing methods. 
The fusion-fission hybrid is such a combination. We recognize the ultimate 

"pure" fusion reactor but contend tha t  a s tep  along the way ma;; be fusion- 

f iss ion.  I t  may decrease the time t o  a demonstration reactor since the plasma 

character is t ics  necessary t o  achieve fusion-fission are s igni f icant ly  1 ess 

than those - f o r  pure fusion power. 

A f i s s i l e  blanket i n  a 

fol  lowing primary purposes: 
N O T I C E  

fusion reactor  could be designed fo r  the 
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a)  Neutron mu1 t i ~ l i  cation 

The fissionable ~ a t e r ' i a l  rnay be used as neutron mult ipl ier  (more 
. . e f f t c i en t ly  than Be) i n  order . to increase the t r i t ium 'breeding . . 

. . . . . . .  . . . . .  . . . .  . . .  . . . .  . . . . . . . . 
. . . . . . . . . .  ' .  rat io . .  . .  . 

b )  A breeder of f iss ionable material fo r  fissi'on 'reactors 

. With the long fuel .doubling time now postulated for  the LFIFBR:, . , : . . . . .  
' . .  . . . . .  . . 

. . (>. 3.0 years) versus shor t  doubling time fo r  fusion-fission;. the . . . . .  . . .  . . 
- .  . . 

. . . . ' . . l a t t e r  may . better,.keep . u p  w i t h  growth'.of e l e c t r l i a l  power . .  . . . . 
. . .  . . 

. . . .  . . .  requi re.ments. . . . .  . . .  . . .  . . .  . . .  . . .... -. . . -  . - .  

The f i s s i l e  blanket can be designed to  be a very ef fec t ive  breeder. 

I t  can breed 2 3 9 ~ u  from natural ( o r  depleted) uranium o r  233" 

from thorium, with a r e l a t ive ly  shor t  "doubling time." The f i s s i l e  

blanket i s  designed subcri t i ca l  and has low power density a1 leviat ing 

the loss  of cool ant, problem 

c) Energy amplification i n  a power producing reactor 

The f i s s i  l e  blanket increases the energy y ie ld  per fusion to  

as much as 1000 MeV per 14 MeV source neutron which increasec 

power output and thermal efficiency. . In such a reactor,  breeding 
! 

of fissionable 'material and adequate t r i  t i  urn breeding r a t io  can 

be retained. 

. . . . .  d) Intern~ediate ta rqe t  i n  the development of fusiofi reactors. 

Since the Lawson cr i te r ion  decreases in inverse proportion to  

the blanket en.ergy amplification, i t  i s  conceivabie t o  buiid such 
a system a t  a re la t ive ly  ear ly stage of fusion develep~aent. 

Hybrid power plants w i t h  smaller physical s i z e ,  lower f i r s t  wall 

I c a d i ~ g ,  !c:er B f f e l d s ,  2nd 1c:;ler f! f c r  t he  s2me paver are 

possible. 



I .. The choice between fusion-fission as a f u e l '  factory producing fuel for  

fiission reactors or as a power producing reactor i s  not c l ea r . .  Some- 

pluses and. minuses :are: . . . .  . . . . . . .  . - . . .  . . -. 

Fuel Factory. .- . . . . . . .  - .  Power Producing. Reacto'r 
. . .  .No reqlii renent - to run'.all . . Must have.. % 80% duty factor ,  

..the. time . . .  . . . . . . 

. . Can .fuel n .reactors .i .% . . . . .  ......: - . . -  . . . . .  . . -  . . . .  . . . . . . . . . . .  . . . .  . . . . : . . 
. . . . 

. . Disassembly. fo r  fuel recovery . ~ i m e :  to~disassembly may not  be - , 

could be d i f f i c u l t  a s igni f icant  parameter . . . .  
. ., . . . .  . . . .  . . . .  . . . . . . . .  - .  . . . 

' ~ e ~ u i r e s o n l y 6 n e  plant ' ' '  . ' '  

- . .  Requires.fusion plant and . . 
f i ss ion  plant so costs could 

. b e  high 

Fuel transport  required 

Could be remotely located 
0 

Low neutr-on, wall. load . . . 

Eases Lawson cri ' terion 

.The f i ss ion  reactor. par t  has 
a1 ready passed r.egul a tory 
t e s t s  

Fuel burned i n  s i  t u  

Must be near urban centers 

Low neutron wall load 
. . ,. . . 

Eases Lawson cr i te r ion  

Must pass the A E C  regulatory 
t e s t s  i n  total  ' :. 

Need not be a net power producer Must have posit ive power output 

In a cooperative e f f o r t ,  the Lawrence Livermore Laboratory (LLL) and 
Pacific Northwest Laboratories (PNL) have undertaken a ser ies  of studies 

encompassing f i s s i  le .  blankets ranging .from thermal to  f a s t . ,  .LLL has. . . 

concentrated on the f a s t  spectrum, and PML on the therxal l a t t i c e .  Both use . 
. . . .  . . t h e  same basic blanket geometry, 2nd- both use energy amplification . f o r a  . 

. . 

power producing reactor as the primary goal. , 

. . .  . . .  T h e  particula-r.  bl,anke,t..used i s  based on . a . mirror fusion . . reactor developed 
:., . . - .. 

by L L L .  In th i s  design, every e f f o r t  has been made t o  use exis t iag .Lo;hr;logy 
- .  . . -. . - 

in order tha t  research and d6ve16psent b9 k e p t  t o  a rriinin;ufi. The blanket. , 

region i s  based on a geodesic georxetry. Some 320 triangu,lar prisms, called 

niodules, are  used to  fann a nearly spherical b l a n k e t .  The blanket r e ~ i o n  



o Mu1 t ip l ica t ion  of the fusion neutron power by a fac tor  of 7 t o  50 
I 

' . o Production of f i s s i l e  fuel (Pu) . . 

3 . . o Production of fusion fue l '  ( M )  . . 
. . 

.. . ,. . . . . 
. . 
. . .  

For the PM!. approach; .the. f i s s i  le blanket consists of a hmber.of . . . 
. . 

regions. An inner region (2. 8 cm thick)  consists of depleted U$ s ta in less -  

s t e e l .  clad fuel 'plates cooled with he1 iun. This converter region perfornis 

sevgral functions. I t  converts, by means of 2 3 8 ~  f i s s i o n ,  n ,211 and n ,3n .. 

reactions the 14 MeV fusion source neutrons to  neutrons of,l.ower energy 

and 'breeds high qual i ty  f i s s i l e  fgel . This region i s  Pol lowed by a thin 
. . . .. .. . 

(". 2 m)  lithium, s t a i n 1 . e ~ ~ - s t e e l  region cooled with helium. ' This inner . . 

' t r i t ium breeding region pe'rforms tido functions. ' I t ' b reeds  t r i t ium by neutron . 

absorption in 1 ithium, and i t  shields the converter from lower energy neutrons 

which woul-d degrade the quality of the f i s s i l e  fuel bred in  the converter 

and excessively increase the neutron multiplication through 2 3 9 ~ u  f i ss ions  

i n .  the converter.. . The.centra1 .region, of the blanket, the Sission...l a t t i c e ,  
. . . . . 

i s  the reg-ion where the 'bulk of the thermal energy i s  produced and 'energy 

mu1 t ip l i ca t ion  of '  approximately 50 takes place. I t  consists of a modified 

HTGR gas ' coo ' l ed la t t i ce .150  cm thick. Sl ight ly enriched (2 .  1%) uranium 

dioxide f u e i a n d  an expanded fuel l a t t i c e  pitch ( ~ 3 . 3 6  c.) are  used. Exterior 

to  the l a t t i c e  a re  a graphite re f lec tor  region and an outer t r i t ium breeding 

region. The total  blanket i s  2 m  thick surrounded by a 1 In thick radiation 

shield; 

. , . .  

For the  L L L  f i s s i l e  blanket, a thin (2. 20 cm) inner region of natural 

uranium i s  used to  naxi r ize ' the  f a s t ' f i s s i o n  of 2 3 8 ~ .  ' ~ n e r ~ ~  mu1 t i p l  i cation 

.factors of the fusion neutron pokder of '  7 to 14 appear achievable. Over  . 

80% of the f i s s ion reac t ions  i n  t h i s  blanket a r e  2 3 S ~  f a s t  neutr0.n f i ss ions .  

Such blankets operate a t  low power d.ensity and appear capable of high. fuel 
. . 

b u r n - u p  .(,> 10%). resulting in a fuel ltfetinie of 10 year;s or  more. The tota.1 

h?anket thick.ness i s  < 1 meter followed by a 2. rn thick shield. ,  Since th i s  

blanket. ,is fueled wi-t\-~ natui-a1 uranium,. i t  has r,o f iss ' lo .  fuel . h r ~ e d i n ? ,  

requ,irements: Furthermore, since high neutron energies a re  u t i l i zed ,  high 

~rrnnii~m resource u t i l i za t ion  can be realized without' requiring fuel . '  

reprocessing. Aciiievatl e f u ~ l  b u r n - u p  appears to  be liriiited by radiation 

damage to cladding arid s t r ~ c t u r e  and not by degradation of neutronic 

performance. 



. . . . 
. . .  . 

The f i s s i o n  l a t t i c e s  i n  the  blankets . of . these  two hybrid systems . . 

a re  designed t o  be subcr i  t i c a l  [keff ' 1 ) i n  a l l  s t ages  of opera t ion ,  the 

f a s t  spectrum' blanket  having a lower keff  than t h e  thermal . . . , .  spectrum. 
~ t t e n t i o n  has been p a i d  to  the  . danger . of an acc iden ta l  . . re lease  of radio- .  . . 

. . 
acti 've . mate r i a l s  . .. . from a hybrid. A basic  engineeri'ng design goal f o r  t h e  

. . .  . .. . 
hybrid is t o  requ i re  no emergency cooiing i n  the  event o f  loss  of coolant .  .' . . 

. 

The de ta i l ed  engineering prdblems due to  t h e  in t roduct ion of f i s s i l e .  . ' 

material  i n to  the  blanket a r e  s t i l l  unexplored. , They wi l l  cause some 
complexity in  reac tor  design. Kouever, the  potent ia l  benef i ts  of t h e .  

fus ion-f iss ion hybrid revealed by studies t o  da te  p rov ide  a s t rong , '  

impetus f o r  continued research i n  t h i s  area .  A 

. .  . ,  

. . .  . . . . 
. . . . .  

*Work performed under t he  auspices of the  U.S .  ~ t o m i c  Energy Commission. 
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