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'long-standing
public concern energ¡¡"more and
more people are rcalizingthat it may be the most environmen-
tally friendly way to generate large amounts of electricity.
Several nations, including Brazil, China, Egypq Finland, In-
dia, Japan, Pakistan, Russia, South Korea,ar,rd Vietna,m, are
building or planning nuclear planrs. But this global trend has
not as yet extended to the U.S., where work on theJast such
facility began some 30 years ago.
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If developed sensibl¡ nuclear power could be truly sustain-
able and essentially inexhaustible and could operare without
contributing to climate change. In particular, a relatively new
form of nuclear technology could overcome the principal
drawhacks of current methods-namely, worries about reac-
tor accidents, the potêntial for diversion of nuclear fuel into
highly destructive weapons, the management of dangerous,
long-lived radioactive wasre, and the depletion of global re-
serves of economically available uranium. This nuclear fuel
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cycle would combine two innovations: pyrometallurgical pro-
cessing (a high-temperature method of recycling reactor \¡/aSte
into fuel) and advanced fast-neutron reactors capa,ble of,burn-
ing that fuel. \K/ith this approach, the radioactivity from the
generated waste could drop to safe levels in a fewhr¡ndred
years, thereby eliminating the need to segregate waste for tens
of thousands of years. 

.

For neutrons to cause nuclear fission efficiently¡ they must
be traveling either slowly or very quickly. Most existing nucle-
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ar power plants contain what are called thermal reactors,
which are driven by neutrons of relatively low speed (or ener-
gy) ricocheting within their cores. Although rhermal reactors

.generate heat and thus electricity quite efficientl¡ rhey cannor
minimize the output of radioactive waste.

All reactors produce energ¡r by splitting the nuclei of heavy-
metal (high-atomic-weight) aroms, rhainly uranium or elemenrs
derived from uranium. In nature, uraniúm occurs.as a mixture
of two isotopes, the easily fissionable'ùranium 235 (which is
said to be "fissile") and the much more stable uranium238.

The uranium fire in an atomic reacror is both ignited and
sustainêd by neutrons.'When the nucleus of a fissile atom is hit
by a neutron, especially a slow-moving one, itwill most likely
cleave (fission), releasing substantial amounts of energy and
several other neutrons. Some of these emitted neutrons then
strike other nearby fissile atomsi causing them to break apart,
thus propagating a nuclear chain reacrion. The resulting heat
is conveyed out ofthe reactor, where it turns water into steam
that is used to runla turbine that drives an electric generator.

Uranium 238 is not fissile: it is called "fissionable" be-
cause it sometimes splits when hit by.a fast neutron. It is also
said to be "fertile," because when a uranium 238 atom ab-
sorbs a neutron without splitting; it transmutes into plutoni-
um239,which, like uranium 235, is fissile and can sustain a
chain reaction. Aftéri4bourthree ye4li of service, when tçch-
nicians typically remove used {uel from one of today's reac-
tors because ofradiation.related degradation and the Çeple-
tion of the uranium 235, plutoníum is contributing more than
half the power the plant generafes.

In a thermal¡eactor, the neutions, which are born fast, are
slowed (or rnoderated) by interactions with nearby,low-atomic-
weight atoms, such as the hydrogen in the water that flows
through reactor còres. All but two of the 440 or so commercial
nuclear reactors operating are thermal, and most of them-in-
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cluding the 103 U.S. power reactors-
employ water both to slow neutrons and
to carry fission-created heat to the asso-
ciated electric generators. Most of these
thermal systems are what engineers call
Iight-water reactors.

In any nuclear power plant, heavy-
metal atoms are consumed as the fuel
"burns." Even though the plants begin
with fuel that has had its uranium 235
content enriched, most of that easily fis-
sioned uranium is gone after about three
years. When technicians remove the de-
pleted fuel, only about one rwenrieth of
the potentially fissionable atoms in it
(uranium 235, plutonium and uranium
238) have been used up, so the so-called
spent fuel still contains about 95 percent
of its original energy. In addition, only
about one tenth of the mined uranium
ore is converted into fuel in the enrich-
ment process (during which the concen-
tration of uranium 235 is increased con-
siderably), so less than a hundredth ofthe
ore's total energy content is used to gen-
erate power in today's plants.

This fact means that the uscd fuel
from currentthermal reactors stillhas the
potential to stoke many a nuclear fire. Be-
cause the world's uranium supply is finite
and the continued growth in the num-
bers of thermal reactors could exhaust
the available low-cost uranium reserves
in a few decades, it makes little sense to
discard this spent fuel or the "railings'l

left over from the enrichment process.
The spent fuel consists of three class-

es of materials. The fission producrs,
which make up about 5 percent of the
used fuel, are the true wastes-the ashes,

if you will, of the fission fire. They com-
prise a mélange of lighter elemenrs cre-
ated when the heavy atoms split. The mix
is highly radioactive for its first several
years. After a decade or so, the activity is
dominated by two isotopes, cesium 137
and strontium 90. Both are soluble in
water, so they must be contained very se-

. curely. In around three centuries, those
isotopes'radioactivity declines by a fac-
tor of 1,000, by which point they have

. become virtually harmless.
Uranium makes up the bulk of the

spent nuclear fuel (around 94 percent);
this is unfissioned uranium thathas lost
most of its uranium 235 and resembles
natural uranium (which is just 0.71 per-
cent fissile uranium 235). This compo-
nent is only mildly radioactive and, if
separated from the fission products and
the rest of the material in the spent fuel,

r could readily be stored safely for future
, use in lightly protected facilities.

The balance of the material-the tru-
ly troubling part-is the transuranic

. component, elements heavier than ura-
nium. This part of the fuel is mainly a

blend of plutonium isotopes, with a sig-
nificant presence of americium. Although
thè transuranic elements make up onlv

about 1 percent of the spent fuel, they
constitute the main source of toda/'s nu-
clear waste problem. The half-lives (the
period in which radioactivity halves) of
these atoms range up to tens of thousands
of years, a feature that'led U.S. govern-
ment regulators to require that the
planned high-level nuclear waste reposi-
tory at Yucca Mountain in Nevada iso-
late spent fuel for over 10,000 years.

An 0utdated Strategg
EARLy NUcLEAR engineers expected
that the plutonium in the spent fuel of
thermal reactors would be removed and
then used in fast-neutron reactors;
called'fast breeders because they were
designed to produce more plutonium
than they consume. Nuclear power pio-
neers also envisioned an energy econo-
my that would involve open commerce
in plutonium. Plutonium can be used to
make bombs, however. As nuclear tech-
nolggy spread beyond the major super-
powers, this potential application led to
wo¡ries over uncontrolled proliferation
of atomic weapons to other states or
even to'terrorist groups.

The Nuclear Non-Proliferation
Treaty partially addresped that problem
in 1968. States that desired the benefits
of nuclear power technology could sign
the treaty and promise not to acquire
nuclear weapons; whereupon the weap-
ons-holding nations agreed to assist the
others with peaceful applications. Al;
though a cadre of international insþec-
torshas since monitored member adher-
ence to the treat¡ the effectiveness of
that international agreement has been
spotty because it lacks effective author-
ity and enforcement means.

Nuclear-weapons designers require
plu¡onium with a very high plutoniurn
239 isotopìc content, whereas plutonium
from commercial p6wer plants usually
contains substantial quantiries of rhe
other isotopes of plutonium, making,it
difficult to use in a bomb. Nevertheleòs,
use of plutonium from spent fuel in
weapons is not inçonceivable. Hence,
President Jimmy Cartçr'banned civilian
reprocessing of r.ruclear fuel in the U.S.
in'1,977- He reasoned that if plutonium
were not rècovered from spent fuel it
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