
Present I Near future 

Letters 

Fusion Reactor Design Studies 

In his Research News articles of 25 
June (p. 1320) and 2 July (p. 38) William 
D. Metz discusses fusion research and 
draws a picture of the fusion program, 
particularly in the second article, based 
upon the results of recent fusion reactor 
conceptual design studies. In particular, 
he infers conclusions about the size of 
fusion reactors based in part on a series 
of studies we have carried out at the 
University of Wisconsin. We will discuss 
three key items: (i) the role of conceptual 
power reactor studies at an early stage in 
the development of a new power tech- 
nology area like fusion; (ii) the infer- 
ences which can be drawn about the size 
and cost of fusion reactors, particularly 
tokamaks, at this stage; and (iii) the di- 
rections in which fusion technology is 
likely to go based on these early concep- 
tual design studies. 

Research on fusion technology prob- 
lems began in earnest just 5 to 6 years 
ago. At that time, it was concluded that 
there was a strong need to define the 
many technological aspects of fusion re- 
actors in order to provide some idea of 
which problems might be most impor- 
tant. The first approach was to attempt a 
relatively comprehensive conceptual de- 
sign study of a future fusion reactor, and 

the UWMAK-I reactor study (1), re- 
ferred to by Metz, was one of the earliest 
efforts of this type. While these and oth- 
er studies have provided us with many 
fundamental insights, they cannot, and 
should not, be viewed as optimal or final, 
particularly with regard to size or cost. 
Indeed, the purpose of our subsequent 
studies, UWMAK-II (2) and UWMAK- 
III (3), was to consider technologically 
different systems to provide the basis for 
beginning optimization studies. Note 
that, not exactly knowing where we 
would end up in these studies, we were 
very conservative in a number of key 
design assumptions. Some of these deter- 
mined the physical size of the system, 
especially in UWMAK-I and UWMAK- 
II. 

It is hard to optimize a design when a 
quantitative technical base is not yet de- 
veloped. Let us illustrate this and the 
impact of very conservative assumptions 
by pointing out the shape of some fast 
fission breeder reactor core designs in 
the mid-1960's. Large and convention- 
ally shaped liquid metal cooled fast 
breeder reactor (LMFBR) cores typi- 
cally have a positive central sodium void 
coefficient, and this is well known. In an 
effort to ensure negative feedback ef- 
fects, core designs were developed in the 
mid-1960's that had large surface-to-vol- 

200 - 

160 

12 

8 

4 

- c z Estimated range of total cost 
am Operating and maintenance cost 

- Fuel cost 
CZ Capital cost 

I I 
I I 

i I 

I I 
I I i I 

It-I 
Currently operational Operational from 1980's] | Operational from 1990's 

0 

_ I 

r---v 

F---n r-- 

r- I - - - - r - - - I- I . II - M 
0 .. _ , 

. 

.....i 

o - ! ?^ -:::':.:*.: 'w/ \ ^ ?*'.;.*:;: i-%^ 
- 

-^,l :?'I :? ^ i. ^ 'i 

_C i_2 _^__^_^ _^ _^ _ii_ii_ 
Light Coal- Oil- 

water fired fired 
reactor steam. gas 

turbine 

Geo- Fuel 
thermal cells 

Solar Fast coai- 
breeder fired 
reactor magneto- 

hydro- 
dynamics 

UWMAK 
toka- 
maks 
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sources (3, chapter xiii). 
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ume ratios to increase neutron leakage. 
These pancake-shaped core designs did 
indeed have negative central sodium 
void coefficients, and such a design ap- 
proach would be classified as highly con- 
servative. They also produced a highly 
unoptimized reactor design. Never- 
theless, this result did not mean that fast 
breeders were inherently too expensive 
or that it would be futile to pursue fur- 
ther development of such systems. Rath- 
er, the results pointed to the severe pen- 
alty of such a conservative approach and 
spurred the research and development 
needed to ensure a safe system design in 
a more optimum core shape. Today, fast 
reactor cores are designed as right circu- 
lar cylinders, not as pancakes. The early 
fusion reactor conceptual designs must 
likewise be viewed as pointing out criti- 
cal problem areas and not as the final 
word on the size and shape of things to 
come. 

The impression is given in Metz's ar- 
ticle that tokamaks must generate large 
amounts of power and that they must be 
inherently large and therefore expensive. 
Our third study, UWMAK-III, considers 
a noncircular tokamak system where the 
plasma volume is one-third of that in 
UWMAK-I to generate the same thermal 
power output. Thus, the size of all the 
main reactor components like the mag- 
nets and the blanket and shield are sub- 
stantially reduced. The fact that most 
conceptual designs are in the 1500 to 
2000 megawatts electric range really re- 
flects the fact that we assumed central 
station power units in the future would 
be somewhat larger than the approxi- 
mately 100 Mwe units presently built. 
We did not intend to imply that smaller 
tokamaks (500 to 1000 Mwe) could not 
be built; they certainly can. Rather, pow- 
er plants of 1500 to 2000 Mwe seemed 
more in tune with the early 21st century. 
Certainly, there is some economy of 
scale, as there is for most systems, but 
that does not imply that all tokamaks 
must be as large as the UWMAK-I de- 
sign. 

The cost of fusion power 25 or more 
years hence is difficult to state quan- 
titatively at this time, but our prelimi- 
nary studies (partly in conjunction with 
the Bechtel Corporation) show that it 
will probably be comparable with the 
cost of LMFBR's and cheaper than elec- 
tricity from solar energy. Figure 1 summa- 
rizes the results of a self-consistent com- 
parison of the cost of electricity in fourth- 
quarter 1975 dollars for present-day ener- 
gy sources (most of which are temporary 
because of limited fuel supplies) and for 
several energy sources that are not fuel- 
limited and that will have to be exploited 
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in the long term. The details behind these 
g numbers can be found in the UWMAK- 

Cut density radient report (3, chapter xiii). Even the 
WIiIEhIiUNhL iIImILIUhhl early conceptual fusion 

EE aS designs that they could be com- pin Wi uFyall S tiui 
petitive with future fast breeder reactors, 

R and C-5 IIU7IIU new high-efficiency coal stations, geothermal stations, and fuel cells. All systems seem 
substantially less expensive than central 

SS-90 vertical rotor. station solar units. Thus, to suggest the 

cost of electricity from fusion will be 
several times that from advanced fission 
reactors is simply not consistent with our 
work. Any final choice among the avail- 
able options (if such a choice must be 
made) will be made for a combination of 
reasons, including the long-term environ- 
mental impact (resource availability 
storage of radioactive materials, land 
despoilment, and so forth) and the short- 
term societal impact (diversion of impor- 

tant materials, vulnerability to terrorist 
attacks, and so forth). We have found 
that fusion shows great promise in some 
of these areas, and that conclusion, com- 

ed with "reasonable" costs, encour- 
s us to push on with fusion research 
rrive at the final answers. 

Undertaking the first generation of fu- 
n reactor studies, conceptual though 
y are, has been a very healthy aspect 
he fusion program. An effort is being 

made to understand the entire system 
and not to leave key aspects for 10 or 20 
years hence or to spring surprises at that 
late date. We have discovered that cer- 

The Sorvall? RC-5 refrigerated superspeed centrifuge tam engineering design approaches once 
with a Rate Controller is ideal for density gradient work. The thought most favorable are not particu- 
soft start and soft Stop characteristics of the Rate Controller larly attractive. On the other hand, more 
prevent mixing of the gradient at speeds between 0 and optimized designs are being developed to 
1,000 rpm. take their place. We can now more 

With this feature and the new Sorvall 58-90 vertical rotor, clearly see the direction to go and we 
the RC-5 provides high resolution with reduced spin times. have a detailed basis to guide our analy- 
The rotor holds the tube at a fixed angle of 0 while the SiS. 

gradient reorients from horizontal to vertical. This means the In his article, Metz notes that several 
particle must travel only the width of the tube, not the length. people have called for a program that 
It also improves resolution by increasing the surface area and puts more emphasis on innovation and 
reducing the depth of the starting zone. In fact, the K factor discovery, particularly referring to 
calculated for the ultracentrifuge swinging bucket rotor of plasma confinement schemes. We would 
comparable volume is 265, while the K factor for the SS-90 argue that this first generation of reactor 
vertical rotor is 210. And since the SS-90 holds 8 tubes studies has in fact laid the foundation for 
instead of 6, you can spin more total volume, us to proceed ahead with innovation and 

The Sorvall? RC-5 also features solid state speed and imagination in the engineering design of 
temperature control systems, direct reading tachometer and these reactors to produce a more highly 
temperature gauge, and an instrument panel with convenient optimized system. Five or six years is 
push-button controls. And it accepts RC-2B as well as RC-5 only enough time to scratch the surface 
rotors. It is built with the high quality and attention to detail that of an area like fusion reactor technology, 
have been characteristic of Sorvallv centrifuges for years. and it should be clear that our most 

For more information on the SorvaW RC-5 centrifuge, promising engineering discoveries still 
just write Du Pont Instruments, Biomedical Division, lie in the future. 
Room 23708A, Wilmington, DE 19898 RoBERT W. CONN 

GERALD L. KuLcINsKI 
____________________________________________________________________ Fusion Technology Program, 

Nuclear Fngineering Department, 
(nIl University of Wisconsin, flflkll) dison 53706 Du Pont Instruments urui' Ma 
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