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ABSTRACT 

The hybrid reactor, a fusion plasma source driving a subcritical' 
fission assembly, is discussed. Hybrids combine neutron-rich bat power- 
poor fusion, with power- rich but neutron-poor fission. Hybrids may be 
realizable before pure fusion since they substantially relax the plasma and 
engineering requirements. A fissile blanket could be designed with one o r  
more of the following primary goals: energy amplification in a power 
reactor, production of fissionable fuel, and/or an interim system in the 
development of pure fusion. 

Lawrence Livermore Laboratory and Pacific Northwest Laboratory . have undertaken several hybi-id,studies including fast fision blankets, 
thermal blankets, and fusion systems with power production a s  the primary 
goal. Present blanket studies have concentrated largely on neutronic 
performance, 'and energy multiplication in the 7 to 40  range has been 
demonstrated. Beyond the ability of the blanket to energy multiply, it is 
necessary that many other design requirements be satisfied, such a s  .. 

structural, heat transfer and economi'cs. Accessibility of the blanket for 
servicing is very important. System components other than the blanket 
must also be considered. We have begun a complete design study to 
determine whether the hybrid can be economically competitive and 
environmentally acceptable in a time period that precedes pure fusion. 

-3- 

Work performed under the auspices of the U. S. Atomic Energy 
Commission. 



BACKGROUND 

In a world economy highly sensitive to increasing energy demands, it 
is vital to investigate all viable combinations of energy producing methods. 
The fusion-fizsion hybrid is  such a combination. We recognize the goal of 
the ultimate pure"fusion reactor but contend that fusion-fission may be a 
step-along-the-way. Such a step may decrease the time to a demonstration 
reactor since the plasma characteristics necessary to achieve fusion-fission 
a r e  significantly l e s s  than those for pure fusion power. 

A fissile blanket in a fusion reactor could be designed with one o r  
more of the following primary goals: 

Energy amplification in a power producing reactor. 
The fissile blanket can increase energy yield to a s  much a s  
500 MeV per  14- MeV fusion neutron, increasing power output and 
system efficiency. In such a reactor the production of fissionable 
material,  and an adequate tritium breeding ratio, can be retained. 

Producticn of fissionable fuel for fission reactors. 
The fissile blanket can be designed to produce ~ P U  from natural 
(o r  depleted) uranium, o r  2 3 3 ~  from thorium. With the long fuel 
doubling time now postulated for the LMFBR., the hybrid fuel 
factory may better keep up with the growth of electrical power 
requirements. Also, the hybrid fuel factory has possible safety 
advantages over the LMFBFt in that the fissile blanket is designed 
subcritical (K,ff < 1 ) and can operate at low power densities 
alleviating the loss of coolant. 

Intermediate target in the development of fusion reactors. 
Since the Lawson criterion decreases in inverse wrowortion to the 
blanket energy amplification, it is conceivable toAbu&d a hybrid 
system at an eerly stage of fusion development. Hybrid power 
plants of smaller  physical size, lower first-wall loading, lower 
magnetic fields, and lower plasma pressure factor, P, for the same 
power a re  possible. 

The choice between fusion-fission a s  a fuel factory for fission 
... reactors o r  a s  a power producing reactor is. unclear. Some considerations 

a r e  : 

Fuel Factory 

No requirement to run all the 
time since fuel i s  delivered 
yearly . 

Can fuel more than one fission 
reactor. 

Disassembly for fuel recovery 
could be required £re q uently. 

Fuel transport required if 
nuclear park concept not used. 

Power Producing 

Must have - 8030 duty Pactor 
since electricity must be 
delivered continuously. 

Required disassembly for fuel 
processing may be infrequent. 

Fuel reprocessing i s  not 
necessary because -high 
burnup is possible. 



Fuel Factory 

Could be remotely located. 

The fission reactor to which 
the fuel would be supplied from 
the hybrid source has already 
passed licensing tests. 

The hybrid a s  a fuel source 
need not be a net power 
producer. 

Power Producing R-eactor 

R.emoteness would require long 
transmission lines. 

Must pass licensing tests in 
total. 

Must have positive power 
output. 

We have investigated the mir ror  machine a s  the fusion component of 
the fusion-fission hybrid. The mir ror  machine has certain g e o ~ e t r i c a l  
advantages, over other magnetic containment systems since its open 
endedness allows for  removal, maintenance, and processing of the 
blanket modules that contain the fissionable material. Also, because of 
the feasibility of small, low power plasmas in mi r ro r  machines, they may 
be better qualified than other magnetic containment systems to yield power 
levels l e s s  than 1000 MW(e). 

'EVlEW OF PREVIOUS STUDES 

Lawrence Livermore Laboratory (LLL) and Pacific Northwest 
Laboratory (PNL) have undertaken several studies of fissile blankets for 
mi r ro r  reactors ranging from thermal to fast. Studies of fast fission 
blankets [ l ]  and thermal blankets [2] in fusion systems have been carried 
out. As its primary goal, thes'e studies used the same basic blanket 
geometry and energy amplification for a power producing reactor. 
Recently, a joint PNL-LLL study [3] was completed combining the fissiie 
blanket with the mi r ro r  fusion reactor. The blanket was modeled from a 
modular design developed at LLL [4]. This study attempted to satisfy 
basic plasma physics criteria, injector requirements and magnet design a s  
discussed in Ref. 5. 

Every effort has been made .to use existing technology so a s  to keep 
required research and development to a minimum. 

The blanket region performs several functions. They include: 

'Multiplication of the fusion neutron power by a factor of 7 to 40. 

@ Production of fissile fuel (Pu). 

- Production of fusion fuel ( 3 ~  ). 
. . 

For the PNL-LLL design [3], the fissile blanket consisted of a 
number of regions. An inner converter region (-8-cm thick), closest 
to the plasrrla, contained deplctcd U 0 2  fucl plateo clad with stainless 
steel and cooled with helium. This region converted, by means of 
2 3 8 ~  fission (n, 2 n  and n, 3n reactions) Lhe 14 -MeV fusion source 
neutrons to neutrons of lower energy, and bred high quality fissile 
fuel by n,T reactions. This region was followed by a thin (-2 cm) 

, lithium and stainless steel i*~giori cooled with helium. This inner lithium 
; 



region performed. two functions. It bred tr i t ium by neutron absorption in 
lithium, and it shielded the converter f rom reflected low energy neutrons 
that would degrade the quality of the f iss i le  fuel bred in the converter and 
excessively increased the neutron multiplication through 2350 and 2 3 4 ~ ~  
fissions. The radially central region of the blanket contained the fission 
lattice where the bulk of the thermal energy is  produced, and the fusion 
energy multiplication of approximately 40 takes place. It consisted of a 
modified HTGR gas-cooled lattice 180-cm thick. We used slightly en- 
riched 1.3 57" uranium dioxide fuel and an expanded fuel lattice pitch of 
about 3.4 cm. Exterior  to the lattice a r e  a graphite reflector region and an 
outer region of lithium for  tritium breeding. The total blanket i s  2-m 
thick surrounded by a 1 - m  thick radiation shield. 

F o r  the fast fission b1an~e-L [ I ] ,  a thin (- 20 c m )  inner region of 
natural uranium is used to maximize the fast fission of 2 3 8 ~ .  Energy 
multiplication factors of 7 to 14 times the fusion neutron power appear 
achievable. Over 80% of the fission reactions in this  blanket a re  fast  
neutron fissions of 2 3 9 ~ .  Such blankets operate at a lower power density 
and appear capable of high fuel burn-up (>  107~)  resulting in a fuel lifetime 
.of 10 years  o r  more. The total blanket thickness i s  l e s s  than 1 m followed 
by an approximately 1 -m thick shield. Since this blanket is  fueled with 
natural uranium, it has no fissile fuel breeding requirements. Further-  
more, since high neutron energies a r e  used ,  high uranium resource 
utilization can be realized without requirhig fuel reprocessing. Achievable 
fuel burn-up appears' to be limited by radiation damage to the fuel, the 
cladding, and the structure,  and not by degradation of neutronic perform- 
ance. This type of blanket can produce large quantities of fissile material. 
Fo the exa-mple cited, the initial net fissile fuel production i s  1.4 atoms 
of 539Pu p e r  14 MeV fusion neutron. This fuel can be used either to  
enrich the blanket o r  to fuel fission reactors. 

The fission lat t ices in the blankets of these two hybrid systems &re  
designed to be subc ritical (keff < 1 ) in all  stages of operation, the fast 
spectrum blanket having a lower keff than the thermal spectrum version. 
Attention has been paid to the danger of an accidental release of radioactive 
materials  from a hybrid [6]. A basic engineering design goal for  the . .  

hybrid is to require no auxiliary emergency cooling in the event of loss  of 
, coolant. - 

The blanket studies to date have concentrated on neutronic analysis 
and performance using estim,ated but unverified volume fractions for  . structure, fuel cladding etc. The results  have been encouraging. We must 
now determine actual engineering problems and constraints associated 
with the design of a hybrid.. Only after  a complete design study will we 
know whether the hybrid can be an environmentally acceptable and . C 

economically competitive design that can produce commercial power in a . 

time period preceding the pure fusion reactor. Mre have begun such a study. 

PR.ESENT STUDIES 
I 

In the studies previously discussed, the blanket modules were radially 
oriented parallelipipeds a s  discussed, in R.ef. 4 and shown in Fig. - 1. A 
primary.  de.fj,cj.ency of this particular blanket module design is  that there i s  
no simple way to remove and service the modules. 



Retaining the basic volumetric composition of the blanket, we began 
to look f o r  other module designs that would alleviate the accessibility 

I I problem. At LLL we a re  pursuing a separate study called the Accessible 
I I 

. Study, which focuses on the design of a mi r ro r  reactor that is 
fabricable, accessible and easily maintained and repaired. Considerable 
progress has been made in this a rea  and our findings can be used fo r  the 
hybrid design. 

After preliminary review of a large number of different design 
approaches for  m i r r o r  machine blankets, one design was pursued in which 
the blanket would be made up of two similar  units, each unit housed within 
a Yin-Yang coil. The two units join a t  the midplane of the two coils and 
envelop the plasma a s  illustrated in Fig. 2. The two prinicipal units a re  
further subdivided into modules, one of which is  shown being removed in 
the figure. 

. The blanket module developed in this study is  a pie-shaped wedge that 
' may be removed o r  installed through the mouth of the mi r ro r  without 

disturbing the remaining modules o r  the magnet a s  schematicaliy iilustrated 
in Fig. 3.  R.igidity of the blanket module is realized by using.a portion of 
the required 50 to 100-cm thick radiation shield a s  a strongback. The 
reinforced module may move on rol lers  that couple to the other part of the 
shield, which would remain fixed. Quick disconnects would be provided 
for  the helium coolant l ines and a carousel conveyor would attach to the 
modules for installation o r  for  t ransfer  to a containment cell. 

We estimate that each module will weigh on the order  of 20 [short] 
tons,' approximately 10-m long, and about 2-m thick including the shield. 
Externally, the module must satisfy simultaneously the requirements for  
access, repair,  replacement, injection, etc. Gene rally speaking, these 
external requirements may be satisfied independent of the modulevs 
inte rnal composition. 

The internal .design of the hybrid module must meet structural and 
heat '  transfer,  a s  well a s  neutronic, requirements during both normal and. 
abnormal operation. In our present design study we a re  investigating 
various structures,  moderators, coclants, fuels, and fusion related 
components such a s  the magnet, injection and direct conversion subsystems. 

CONCLUSION 

R.esults of present work on the fusion-fission m i r r o r  machine hybrid 
concept a re  encouraging; A modular blanket concept has been developed 
that permits  access to the modules without disturbing the magnet. Both 
significant energy multiplication (up to " 40 t imes) o r  fissile fuel production 
appear possible. Energy amplification by a hybrid blanket (o r  with fissile 
fuel produced in the blanket) greatly reduces the required plasma confine- 
ment and the required energy circulation efficiency relative to pure fusion. 
One advantage gained by such .reductions is, the magnetic field may be 
lowered. so  that present-day NbTi conductor ra ther  than NbgSn might be used 
in the cuperconducting magnet. The direct conversion syatem for  the . 

I recovery of end loss  power, if needed a t  all, could be of a simple one-stage 
type. ' Similarly, the injection system could be of the present-day positive 
ion type rathe,r than the negative ion type which needs much more develop- 
ment. 

. . I 



We believe pure fusion to be the power source of the future. IVe are  
developing the f usion-fission hybrid concept to ascertain whether o r  not 
hybrids can be economically competitive in the time period before pure 
fusion power is  realized. 
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F1GUR.E CAPTIONS 

Fig., 1. Preliminary design of hybrid.mirror reactor. 

Fig. 2. Modular blanket design emphasizing accessibility. 

Fig. 3. Blanket module removal. . 
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