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The Relevance of Environmental Concerns 
in Contemplating Development of Fission 

Fusion Hybrids — A Personal View 

•k 
John Holdren 

Introduction 

What is attractive about the notion of a fission-fusion 
hybrid? The primary rationale for pursuing this option is rooted in 
the potential shortcomings of the pure fission and pure-fusion 
alternatives. The main such shortcomings have been said to bes (a) the 
breeding ratio of fission breeder reactors may be too low for the 
expansion of fission-based generating capacity to keep pace with antici
pated electricity demand| (b) fission reactors-especially breeders—are 
expensivei (c) the environmental characteristics of pure fission systems 
are troublesomei (d) successful pure fusion reactors may elude us for 
many years to come because of the technical difficulty of the task; 
(e) the probable need for a high neutron flux through the vacuum wall 
in a pure fusion system may pose severe materials problems and associated 
high costs even after the other problems of pure fusion have been solved. 

For a fission-fusion hybrid to be an attractive alternative, 
then, it must not only be easier to attain and/or cheaper to operate than 
pure fusion, but it must also be significantly better than pure fission 
with respect to at least one of the following; breeding ratio, economics, 
environmental characteristics. (Ultimately, of course, the question must 
be asked in a "systems" contexts Is a mix of generating technologies that 
includes hybrids more attractive than a mix that does not? Still, the 
answer can be yes only if the hybrid is superior to other ingredients of 
the mix in at least one of the respects just mentioned.) 

Timing and Economics 

In comparing hybrids to pure fusion systems with respect to 
timing and economics, I do not find it likely that first-wall problems 
alone could delay pure fusion enough or raise its costs enough to make 
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hybrids interesting; once n {̂  10 has been achieved in a reactor-like 
configuration, one can surely find a solution to the first-wall situation* 
more straightforward (and more economical) than adding a fission blanket. 
Moreover, pure fusion would probably have to be significantly more 
expensive than hybrids before society would choose the latter; that is, 
if there actually were a choice, the manifest environmental advantages 
of the pure fusion system would likely be judged worth paying something 
foxo 

The more interesting issue is whether a hybrid can be brought 
to fruition well before the plasma confinement needed for pure fusion 
is achieved—that is, whether the advantage gained for the hybrid by 
relaxing plasma-confinement requirements will not be offset by the added 
difficulties of cramming fission technology into the awkward geometry 
dictated by the requirements of the fusion core. That the engineering 
difficulties of the marriage can be solved before the confinement problem 
for pure fusion is at least plausible enough, in my view, to justify 
expanded investigation of hybrids—j^ the potential advantages over pure 
fission are there. 

These potential advantages should be more than marginal if an 
expensive program of research and development is to be justified. Are they? 

First consider the issue of breeding ratioo Preliminary studies 
of blankets for fission-fusion hybrids do indicate that breeding ratios 
significantly higher than for pure fission systems can be attained. How 
important this point is--if more detailed engineering studies confirm it— 
depends on one's assumptions about the growth of electricity consumption, 
about the size of uranium resources, and about the cost and availability 
of enrichment capacity. Some recent studies suggest that the rate of 
growth of electricity consumption in the U.So is likely to drop sharply 
in the next few decades, and that uranium resouces„are not as limiting 
as the technical community has been led to believe* If either of these 
assertions proves to be valid, the urgency and economic value of high 
breeding ratios are diminished--the more so if enrichment via centrifuges 
or lasers succeeds cofflmetcially. These issues are still too speculative to 
support concrete conclusions, and a thorough study of the importance of 
breeding ratio under alternative conditions is required,, It is enough 
to note here that the matter is in doubto 

The other aspects of the comparative economics of fission and 
fission-fusion hybrids ^re hardly clearer„ The costs of the U.So Liquid 
Metal Fast Breeder Reactor Demonstration Project are much higher than 
originally anticipated, and the demands that LMFBR technology makes on 
materials and quality control imply high construction costs even in the 
longer term. But is there any reason to believe hybrids can be made 
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to be much cheaper than LMFBl's? I think noto The same inherent 
complexities of a fission-fusion marriage that make it unlikely to 
be cheaper than pure fusion also apply in the comparison with pure 
fission. The one way in which a hybrid seems at all likely to be 
cheaper to build than a pure fission breeder is if the hybrid design is 
intrinsically so much safer that expenditures on containment and 
emergency systems can be significantly reducedo This point raises 
the environmental issue, to which I now want to turn in detail. 

Relevance of Environmental Concerns 

The thrust of the foregoing discussion i§ that a clear and 
compelling case for developing hybrids exists only if these have the 
potential for significant environmental advantages over pure fission 
systemso The other widely offered arguments for hybrids rely on supposed 
advantages that seem unlikely to offset the disadvantages (e^g., relaxed 
first-wall conditions compared to pure fusion), or that are of questionable 
importance (higher breeding ratio than pure fission), or that are at all 
likely to materialize only if the environmental advantages are there 
(lower construction costs than pure fission)» (I believe, incidentally, 
that the most compelling case for pore fusion is also the environmental 
one, since there is little a priori reason to believe fusion î ill be 
cheaper than fission, and there is enough uranium and thorium to last for 
centuries once fission breeders are in business.) It is possible, of 
course, to argue for hybrid development on the grounds that diversity is 
simply a good thing, or that hybrids will provide a useful learning step 
toward pure fusion^ The diversity arguiaenti although appealing on 
philosophical grounds, is unlikely to generate much enthusiasm (or money) 
unless the technology offers some significant potential advantage^ The 
learning argument is also a bit thin unless hybrids have advantages in 
themselves; hybrid technology looks so difficult that the things it could 
teach us about pure fusion could probably be learned in a more straight
forward (and cheaper) way. 

If so much of the case for hybrids really rests on whether or 
not they have environmental advantages over pure fission, then environmental 
considerations should be given great weight in selecting approaches to 
hybrid design for further investigation^ There is little point in pursuing 
approaches that sacrifice for engineering reasons the main rationale for 
developing hybrids at alio 

Environmental Criteria for Hybrid Designs 

The most ifftportant environmental issues surrounding today's 
pure fission fuel cycles are (a) major accidents at reactors or fuel 
reprocessing plants^ Leading to large releases of radioactivity to the 
environment; (b) diversion of fissile materials for use in .explosive or 
radiological weapons; (c) leakage of long-lived radioactive wastes from 
their storage facilities. 
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Possible ways that fission-fusion hybrid designs could reduce 
the probability of these events are of course associated.mainly with 
the treatment of the fission blanket, as followss 

(1) Preclude nuclear critical!ty accidents by designing a 
blanket that is subcritical in its most reactive configurationo 

(2) Preclude blanket melting in the event of loss-of-coolant 
accidents, by designing a blanket that remains below its melting tempera
ture by means of passive cooling, (e«go, natural convection, conduction, 
and radiation) even in the worst circumstances (total loss of coolant 
just before refueling). 

(3) Minimize chance of other types of events that could 
breach containment by minimizing chemical energy stored in blanket and 
associated facilities. 

(4) Minimize consequences of any breach of containment by 
minimizing blanket inventory of radioactivity, especially volatile substances. 

(5) Reduce effective half-life of radioactive wastes by 
facilitating separation, rapid reintroduction into the blanket, and 
subsequent fast fission of plutonium and other actinides. 

(6) Reduce number of points in the fuel cycle where fissile 
materials could be diverted, either by using on-line reprocessing or (at 
least) by designing to facilitate consolidation of reprocessing and fuel 
fabrication activities at the reactor site. 

It is not obvious that all of these approaches are feasible and 
some may conflict directly with each other--eog., minimizing radioactive 
inventory and consolidating facilities may not turn out to be consistent. 
I believe, however, that (1) and (2) represent the minimum that must be 
achieved simultaneously if hybrids are to be widely regarded as signifi
cantly better environmentally than pure fission, and that a strong 
environmental case will require (5) and/or (6) as well. 

Applying the Criteria 

Hybrid blailkets can be characterized by the combinations of moderators 
and coolants employed. This is done in Table 1 for most of the preliminary 
designs described in the literature to datCo In the table, numbers in 
parentheses refer to the notes at the end of this paper. 
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Owing to the very preliminary character of these existing 
designs, it is difficult to say anything at all about the extent to 
which they might fit approaches (4) through (6) of the preceding 
section. It appears that all of them are consistent with approach (I), 
guaranteed subcriticality. Approach (2), passive coolability following 
loss of primary coolant, is in general much more difficult to accomplish. 
The characteristics of the three basic coolants--with respect to stored 
energy, blanket behavior following loss of coolant, and some other 
possible advantages and disadvantages—are summarized in Table 2. 

Conclusion 

Too little information is available to justify any detailed 
conclusions on the environmental comparison between pure fission systems 
and fission-fusion hybrids, or on environmental comparisons between 
different hybrid designso It does appear that there is some potential 
in the hybrid concept for significant environmental advantages over 
pure fission. The case for the desirability of hybrids depends so 
strongly on whether these possible environmental advantages can actually 
be realized, that investigating ways to achieve them should be a 
cornerstone of any hybrid development program. If, on the contrary, 
the environmiental characteristics are treated as secondary concerns to 
be dealt with after one kind of hybrid or another has been intensively 
developed, we are quite likely to find that the kind we developed is so 
irretrievalby handicapped environmentally as to make it not worth having. 
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Table I, Blanket Options for Fission-Fusion Hybrids 

N. Moderators 

Coolants N,̂  

Li metal 

Li salt 

Li/U-Th salt 

helium 

none 
(fast blanket 
or fast region) 

Lidsky (4) 
Lee (5) ^ 
Maniscalco (6) 
Braun (7) 

Lontai^ (8) 

Lontai^ (8) 

Leonard (9) 
Hansborough (10) 

graphite 

Lontai^ (8) 

Lidsky (4) 
Lontai (8) 

Leonard (9) 

LiH, LiD 

B 
Maniscalco (6) 
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Table 2. Some Enviroianental and Engineering Characteristics of 
Coolants for Hybrid Blankets 

liquid lithiums fire hazard 
pumping across magnetic field may be expensive 
low system pressure is'an advantage 
passive cooling after LOCA difficult, although 
easy if forced flow is lost but lithium stays 

high energy amplification readily attained, an 
advantage 

molten salts confinement of fission products worse than with 
solid fuel 

low system pressure 
prospects for on-line reprocessing and low 
total fission-product inventory are good 

energy amplification may be marginal 
limited experience with this coolant in pure 
fission systems 

meltdown is by definition not a problem, but 
what happens if salt escapes primary system? 

helium: high pressure required 
passive cooling after LOCA very difficult in 
fast region, but probably not in graphite-moderated 
thermal region 

high energy amplfication 



-216-

Notes 

lo Bo R. Leonard, Jr., A review of fusion-fission (hybrid) concepts. 
Nuclear Technology, Vol, 20, pp, 161-178, December 1973. 

2. D. Chapman, T. Tyrell, and T. Mount, Electricity demand growth and 
the energy crisis. Science, Vol. 178, pp. 703-713, 17 November 1972; 
Ford Foundation Energy Policy Project, A Time to Choose, Ballinger 
Publishing Co„, Cambridge, Mass., 1974. 

3o John P. Holdren, Uranium Availability and the Breeder Decision, Environ
mental Quality Laboratory Memorandum No. 8, California Institute of 
Technology, January 1974; Uranium supplys EPRI estimates supplies and 
requirements. Nuclear News, p, 67, November 1974, 

4, Lo M. Lidsky, Fission-fusion symbiosiss general considerations and a 
specific example, Proc. BNES Conf. Nuclear Fusion Reactors, Culham, 
England, 1969, 

5o Jo Do Lee, Neutronics of sub-critical fast fission blankets for D-T 
fusion reactors, Proc. 7th Intersociety Conf. Energy Conversion 
Engineering, p. 1294, American Chemical Society, 1972. 

6. James Maniscalco and Lowell Wood, Advanced Concepts in Fusion-Fission 
Hybrid Reactors, UCRL 75835, l974o "A" refers to their "homogeneous" 
design, "B" to their "heterogeneous" designo 

7o Go Wo Braun and Lo M. Lidsky, Geometry and performance of a Theta-Pinch 
power breeder, Proc. 1st. Topical Meeting, on the Technology of 
Controlled Nuclear Fusion, San Diego, 1974, U.S.AoE. C. Conf. 74042. 

8o Lo No Lontaio See descriptions of Lontai's designs in Reference I 
above. A has U salt in fast region but not in thermal region, B the 
reverse. 

9. See the description of the PNL Thermal Fission Hybrid in Ref. 1 above, 

10o Lo Hansborough and R. Werner, A Modular Fission-Fusion Hybrid Blanket, 
U.S. A.EoGo Conf. 740402, 1974 (see note 7). 

• 



-217-

QUESTIONS ABOUT SIXTH PRESENTATION 

Lidsky; I have a comment that I think follows your main line, but I suspect 

you possibly have left out a very important additional consideration; an 

environmental consideration. That is, suppose one comes up with a system 

that allows one to operate safer and environmentally more satisfactory 

fission reactors. Then, in fact there is a certain "load" taken off the 

hybrid device and a larger reservoir of "goodness" one can do. For 

example, suppose you came up with a system that had definite flaws but 

enabled one to avoid building an extensive LMFBR economy on the way to 

achieving Nirvana-pure fusion. The point I would like to make is that one 

has to optimize the whole system; one doesn't optimize any one given machine 

or type of machine and there, I think, is where the environmental issue lies. 

Holdren: OK, let me respond quickly. I agree with you that one has to 

optimize the whole system. I think we should credit to the hybrid any 

environmental advantage that it brings about by permitting an environmentally 

more benign system overall: For example, if one does in fact get a significant 

environmental advantage from hybrids because they permit the use of HTGR's 

or LWR's instead of breeders, then one chalks that up for the hybrid as a 

significant environmental advantage. I think this is proper. It does remain 

to be seen whether people become convinced that LWR's and HTGR's are, in fact, 

intrinsically better environmentally than breeders. Right now there is a 

lot of uproar about whether the potential for a crlticality accident In the 

breeder is worse than the potential for a loss of coolant accident in LWR's. 

The HTGR certainly looks good in these respects but perhaps because we know 

less about it. It remains to be seen. But in principle I agree with you -

one has to optimize the whole system, and this is a potential environmental 

advantage that might accrue to hybrids in this sense. 

Wolkenhauer; I agree with you wholeheartedly except for one point that 

you stated that I disagree with. It relates to the significance of the 

work that Deonigl presented this morning, that hybrids can be more expensive 

than LMFBRs by about 20 percent or so and be competitive. You said they had 

to be cheaper. 

Holdren; OK, I accept the criticism. I didn't mean to Imply that they have 

to be cheaper than LMFBR's, but rather that they should have some economic 

advantage across the board. This is not restricted to capital cost. When 
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one talks about cheaper across the board, one is talking about plutonitim 

production and all elements of the fuel cycle. ' 

Wolkenhauer; When one reviews the economics like we have been doing in the 

past few months, one finds that safety and environmental concerns really don't 

show up very strongly in the economics. It's an unfortunate truism as you 

go through the analysis, but this may change and make your comments more 

pertinent. 

There are just a couple of other minor picky points, areas I'd like to see 

studied. It's maybe not generally recognized that the fission product mixture 

that you get from the fissions in some of these hybrid systems is quite different 

from the fission product mixture that you get from, say, thermal reactors. 

There are possibilities that there are some gains to be found. Somebody 

ought to look into that. Weinberg has pointed that one of the possibilities 

for eliminating or helping the safeguard problem is by recycling the actinides 

into the plutonium, simply to make it very hot stuff so that it can be handled 

only remotely. Because actinide recycle appears to work a little bit 

better, perhaps, in hybrid reactors, this is a possible plus that some

body ought to look at. 

Holdren; Yes, I agree and, in fact, that last item is in my list of six 

ways to get at the potential environmental advantages of hybrids. I agree 

with you that all these things should be looked at in more detail, but 

my hope is that we not, in pursuit of a fast engineering road to hybrids, 

demote these considerations to second place and thus throw out the principal 

merits of the enterprise. 

Wolkenhauer; The loss of coolant thing, for instance, is very sensitive 

to the economics. If you go in the direction the economics says you should 

go, you very quickly lose the capability to withstand the loss of coolant. 

Holdren: Yes, and I think it may well be that when we get a little better 

at asking this type of question, we may find that the public is prepared to 

pay something for extra assurances against this kind of event. As you point 

out, it's very difficult right now to work into a possible cost-benefit 

analysis this issue of how much the public is prepared to pay for additional 

safety, or how much money you should spend to reduce any further what 

presumably is already a small number. But I think we may well find out 



-219-

that in the case of this kind of event, the public is prepared to pay quit^ 

a bit. The same thing may hold for pure fusion. We may find out that pure 

fusion, once it's been achieved, will be considerably more expensive than 

pure fission for some time. That is not inconceivable by any means. But it 

may be that people are willing to pay the price for the environmental 

advantages of the pure fusion system. 

Coffman: I'd like to comment on the perspective of the safety guidelines 

and how we (fusion) compare, for instance, to fission devices. I think the 

jury is still out on the potential inadequacies of the fission systems whether 

they are LWR's or breeders. The 10 CFR 50, Appendix I dose limits at the 

site boundary will give you very nominal or minimal effects from routine 

releases. I think that the Rasmussen study has shown that a probability 

factor of 10 for a major accident gives you a rather nominal risk also. 

I'm just not sure that it's going to be that easy for fusion reactors to do 

much better than that. 

Holdren; I certainly agree that with respect to routine emissions; fission 

Is already very good indeed. As long as things #re routine, you're not 

going to be able to do much better than that because it's already so close 

to zero, and that is why I didn't even list routine emissions from operating 

fission reactors as among the principal issues there. With respect to safety, 

diversion, and radioactive waste, I agree that the jury is still out. Indeed 

with respect to accidents, I don't think that Rasmussen has brought the jury 

in. Rasmussen has made a significant contribution to that debate, but it's 

by no means over yet. I don't think we have time to go into the details of 

the discussion now, but it's still a live issue, 

Coffman: There is one thing that has to be factored in, that is, we tend 

to partition out the breeder from the LWR's, and that is really a false logic 

in that LWR's breed or generate significant quantities of plutonium. If 

there is not an LMFBR economy to use that plutonium, the plutonium that Is 

being bred right now in the existing 50 LWR plants is going to be factored 

right back in, just on the basis of economy. 

Holdren; I agree, plutonium is already a problem with light water reactors. 

I don't dispute that at all. There are some characteristics of breeders that 

are different from light water reactors and, again, I think some of the dis

cussion has already brought it out. It's not really clear whether the 

breeder overall is better or worse. It may be that the HTGR is better than 
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both of them; it may not. But all I wanted to do is call attention to the 

importance of these issues in the fission area and argue that, if hybrids 

cannot do significantly better, then we are going to be very hard pressed to 

find the motivation to make the significant financial gamble to develop them. 

A good gambler doesn't wager a lot of money unless there is a big gain. 

And if the gains over fission are potentially tiny, I don't think we will 

see hybrids developed. We in the fusion community might want to see them 

developed for our own parochial reasons as a stepping stone, for example, 

but I bet we can't sell it on that basis. 




