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It’s time to give up on breeder
reactors

Since the dawn of the nuclear age, nuclear
energy advocates have dreamed of a
reactor that could produce more fuel than it
used. More than 60 years and $100 billion
later, that vision remains as far from reality
as ever.

BY THOMAS B. COCHRAN, HAROLD A. FEIVESON, ZIA MIAN, M. V. RAMANA,
MYCLE SCHNEIDER & FRANK N. VON HIPPEL

HE POSSIBILITY OF A PLUTONIUM-FUELED NUCLEAR
reactor that could produce more plutonium than it con-
sumed (dubbed a “breeder reactor”) was first raised dur-
ing World War II by scientists in the U.S. atomic bomb
program. They were concerned that uranium 235, the rare chain-
reacting isotope that fuels today’s nuclear reactors, was insuffi-
ciently abundant on Earth to support a large-scale deployment of
nuclear power. Over the next 20 years, Britain, France, Germany,
India, Japan, and the Soviet Union followed the United States in es-
tablishing national plutonium breeder reactor programs. (Belgium,
Italy, and the Netherlands joined the French and German programs
as partners.) In all of these programs, the main driver was the hope
of solving the long-term energy-supply problem by deploying large
numbers of nuclear power reactors.
In “Fast Breeder Reactor Programs: History and Status,” a new
report by the International Panel on Fissile Materials, experienc-
es with fast breeder reactors in six countries are examined.! These
studies make clear that the assumptions driving the pursuit of
breeder reactors for the past six decades have proven to be wrong.
False assumptions. The rationale for pursuing breeder reactors
was based on the following key assumptions (sometimes explicit,
sometimes implicit): (1) Uranium is scarce, and high-grade depos-
its would quickly become depleted if light water nuclear reactors,
which do not breed more fuel than they consume, were deployed on
a large scale; (2) breeder reactors would quickly become economi-
cally competitive with light water reactors (the dominant reactor
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design used today); (3) breeder reactors could be as safe and reli-
able as light water reactors; and (4) the proliferation risks posed by
breeders and their “closed” fuel cycle, in which plutonium would be
recycled, could be managed.

These assumptions, however, all proved to be wrong.

The Nuclear Energy Agen-
cy’s Uranium 2007: Resources, Production, and Demand report—
popularly known as the Red Book—found that known global con-
ventional resources of uranium recoverable for less than $130 per
kilogram amounted to approximately 5.5 million tons and estimated
that, with further exploration, an additional 7.6 million tons would
be discovered in the same cost range. (Historically, the spot price of
uranium has always been less than $100 per kilogram, except for a
period in the late 1970s and around 2007.)

In 2007, uranium demand for the global fleet of nuclear power
reactors was (67,000 metric tons—approximately 180 tons per giga-
watt of generating capacity per year. The International Atomic En-
ergy Agency (IAEA) projects that demand for uranium could in-
crease to between 94,000 and 122,000 tons per year by 2030 as part
of an assumed global increase in nuclear energy capacity.? Thus, at
the highest rate of consumption projected for 2030, estimated glob-
al uranium resources would last for about 100 years. But even this
projection is most likely conservative.

Plausible estimates of geological abundance predict that the
amount of uranium recoverable at up to $130 per kilogram is vir-
tually certain to be far greater than the numbers reported in the
Red Book. Furthermore, unlike the situation with oil- or gas-fueled
power plants, the cost of uranium fuel could increase greatly with-
out having a serious impact on the cost of nuclear power. At $130
per kilogram, the cost of uranium contributes only one-third of a
penny to the cost of a kilowatt-hour, which is less than § percent of
the cost of electricity produced by a new light water reactor.

About $100
billion (in 2007 dollars) has been spent worldwide on breeder reac-
tor research and development and on demonstration breeder reac-
tor projects. Yet none of these efforts has produced a reactor that is
economically competitive with a conventional light water reactor.
The capital costs per kilowatt of generating capacity of demonstra-
tion liquid sodium-cooled fast reactors have typically been more
than twice those of water cooled reactors of comparable capac-
ity. Although it could be expected that once in production this cost
ratio would decline, today few, if any, experts argue that breeder re-
actor capital costs could be less than 25 percent higher than that of
similarly sized water cooled reactors.*

Detailed economic comparisons of light water and breeder reac-
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tors show that light water reactors operating on a “once-through”
fuel cycle (i.e., with spent fuel stored or disposed of in a deep geo-
logical repository) would be far less expensive than plutonium
breeder reactors under a wide range of assumptions.’
Pluto-
nium breeder reactors require fast neu-

If the core of a breeder reactor heats trons if they are to breed more plutonium

up to the point of collapse and suffers a
meltdown, the fuel can assume a more critical

than they consume. They therefore can-
not use water as a coolant since neutrons
are slowed down dramatically by colli-

configuration and blow itself apart in a small sions with the light nuclei of hydrogen in

nuclear explosion.

water. To date, the coolant that has been

used in all demonstration breeder reac-

tors is liquid sodium.

Although sodium has some safety ad-

vantages, it also has serious drawbacks.

The most serious: It reacts violently with

water and burns if exposed to air. The
steam generators used in fast reactor systems, in which molten so-
dium and high-pressure water are separated by thin metal pipes,
have proven to be one of its most troublesome features. Any leak
results in a reaction that can rupture the tubes and lead to a major
sodium-water fire.

A large fraction of the liquid sodium-cooled reactors that have
been built have been shut down for long periods by such fires. A
notable exception is Russia’s BN-60o0 reactor, which has had a re-
spectable operating record despite 14 sodium fires between 1980
and 1997. The reactor continued to operate throughout that time be-
cause its steam generators were located in separate bunkers to con-
tain sodium-water fires and an extra steam generator was included
so the reactor could continue to operate while a fire-damaged steam
generator was repaired. Sodium leaks from pipes into the surround-
ing air also have resulted in serious fires. Japan’s Monju prototype
fast reactor experienced a major sodium-air fire in 1995. The reactor
may restart this year after 15 years of being off-line.

Sodium creates other problems as well. When it absorbs a neu-
tron, it turns into sodium 24, a gamma-emitting radioactive isotope.
Thus, the sodium that cools the core becomes intensely radioactive.
To ensure that a steam generator fire does not disperse radioactive
sodium, reactor designers insert an intermediate sodium loop in
which heat generated from the reactor is transferred to non-radio-
active sodium through a sodium-sodium heat exchanger. The non-
radioactive sodium delivers heat to the steam generators that then
generate electricity. The extra sodium loops and associated pumps
contribute to the higher capital costs of breeder reactors.
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Finally, unlike water cooled reactors that cease functioning if
they lose their coolant (a vital safety feature), fast neutron reactors
can actually become more reactive in cases where sodium coolant
is lost. Furthermore, if the core heats up to the point of collapse and
suffers a meltdown, the fuel can assume a more critical configura-
tion and blow itself apart in a small nuclear explosion. Whether
such an explosion could release enough energy to rupture reactor
containment and cause a Chernobyl-scale release of radioactivity
into the environment is the subject of major concern and debate.
These fears convinced Germany to scrap its roughly $4 billion Ka-
lkar demonstration fast breeder reactor and sell it for $3.3 million to
an amusement park operator.®

The necessity of keeping air from coming into contact
with the sodium coolant makes refueling and repairing fast reactors
much more difficult and time-consuming than for water cooled re-
actors. The fuel has to be removed in an atmosphere free of oxygen,
the sodium drained, and the entire system flushed carefully to re-
move residual sodium without causing an explosion. Such headaches
have contributed to many fast reactors sitting idle a large fraction of
the time. France’s defunct Superphénix, the world’s only commer-
cial-sized breeder reactor, generated on average less than 7 percent
of its capacity over its nominal operating lifetime. Japan’s Monju and
Britain’s Dounreay prototype fast reactors and the U.S. Enrico Fermi
1 demonstration breeder reactor had similar records. Russia’s BN-
600 has managed to maintain a respectable capacity factor (the per-
cent of time it runs at full power), but only because of the willing-
ness of its operators to keep it running despite multiple sodium fires.

All reactors make plutonium in their fuel, but breeder
reactors require that this plutonium be separated from the fero-
ciously radioactive fission products in spent fuel and reused. The
separation process, so-called reprocessing, also makes the plutoni-
um more accessible to aspiring nuclear weapon makers.

This concern is not just theoretical. India justified its reprocess-
ing program by citing an interest in breeder reactors, but in 1974, it
used its first batch of separated plutonium to carry out a “peaceful
nuclear explosion.” This led the United States to rethink its promo-
tion of plutonium as the fuel of the future. France used its Phénix
prototype breeder reactor, starting in the late 1970s, to make weap-
on-grade plutonium. Decades of plutonium separation for planned
breeder reactor-based nuclear energy programs have produced
approximately 250 tons of stockpiled weapons-usable plutonium,
enough to make more than 30,000 nuclear bombs.”

The George W. Bush administration proposed a program to make
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reprocessing more “proliferation resistant” by leaving some nep-
tunium, americium, and curium mixed with the plutonium. Even if
this were done, however, the gamma radiation emitted by the mix-
ture would still be one hundred times less than what the IAEA con-
siders sufficient to protect against theft and thousands of times less
than the radiation protecting plutonium

The persistence of breeder programs in when it is in spent fuel.

Russia, India, and China is testimony to the
ability of their nuclear establishments to
tap into national treasuries despite the fact

Future prospects for breeders. After
six decades and the expenditure of the
equivalent of about $100 billion, the prom-
ise of breeder reactors remains largely un-

that breeders will not be able to compete fulfilled. Britain, Germany, and the United
with light water reactors for the foreseeable States have abandoned their breeder re-

future.

actor development programs. Despite the

arguments by France’s nuclear conglom-

erate AREVA that fast reactors will ulti-

mately fission the increasingly large stock-

pile of plutonium in France’s spent fuel,
the country has no operating fast reactors. Superphénix was shut
down in 1996 and Phénix in 2009. No replacement breeder reactor
is planned for at least a decade.

In Japan, there are plans for a new demonstration reactor by 2025
and commercialization of breeder reactors after 2050, but there is
reason to doubt these projections. The Japanese government is not
willing to kill its breeder program entirely, because, as in France,
the breeder is still the ultimate justification for shipping spent fuel
from individual reactors to a central reprocessing site. For decades,
however, Tokyo has been reducing funding for its breeder program
and shifting commercialization further and further into the future.

Russia and India are building demonstration breeder reactors,
and China is considering buying two such reactors from Russia.
The persistence of breeder programs in these countries is testimo-
ny to the ability of their nuclear establishments to tap into national
treasuries despite the fact that breeders will not be able to compete
with light water reactors for the foreseeable future. In India, the
breeder also is justified by its ability to greatly expand the rate of
India’s production of weapon-grade plutonium. Successful negotia-
tion at the U.N. Conference on Disarmament of the Fissile Material
Cutoff Treaty, which would ban the production of fissile materials
for weapons, could foster a new debate in India about the value of
pursuing breeder reactors.

In the United States, during the Bush administration, fast reac-
tors returned to the agenda reconfigured as “burner” reactors to
fission plutonium and other transuranic isotopes (e.g., americium,
neptunium, and curium) that are accumulating in U.S. spent fuel.
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Theoretically, the fast neutrons in sodium cooled reactors would
indeed be more effective at fissioning this material than the slow
neutrons in water cooled reactors. But in 1996, a massive National
Academy of Sciences assessment commissioned by the Energy De-
partment concluded that such an effort would have high costs and
marginal benefits and would take hundreds of years to greatly re-
duce the global inventory of transuranic isotopes. President Barack
Obama and the Democratic majority in Congress share this skepti-
cism and have proposed a new research and development program
to investigate alternative strategies for managing U.S. spent fuel.

The breeder reactor dream is not dead, but it has receded far
into the future. In the 1970s, breeder advocates were predicting that
the world would have thousands of breeder reactors operating this
decade. Today, they are predicting commercialization by approxi-
mately 2050. In the meantime, the world has to deal with the hun-
dreds of tons of separated weapons-usable plutonium that are the
legacy of the breeder dream and more being separated each year by
Britain, France, India, Japan, and Russia.

In 1956, U.S. Navy Admiral Hyman Rickover summarized his ex-
perience with a sodium cooled reactor that powered early U.S. nu-
clear submarines by saying that such reactors are “expensive to
build, complex to operate, susceptible to prolonged shutdown as a
result of even minor malfunctions, and difficult and time-consuming
to repair.” More than 50 years later, this summary remains apt. =
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