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The CANDU* reactor is the most versatile
commercial power reactor in the world. It has the
potential to extend resource utilization significantly,
to allow countries with developing industrial
infrastructures access to clean and abundant energy,
and to destroy long-lived nuclear waste or surplus
weapons plutonium. These benefits are available by
choosing from an array of possible fuel cycles.

The fuel cycle versatility associated with today's
mature CANDU technology has its roots in more
prosaic goals faced by Canada's nuclear reactor
designers forty years ago. Technical feasibility,
operational economy, and fuel-cycle sustainability were
more important considerations when the CANDU
reactor was being conceived.

This paper describes how several factors, including
Canada's early focus on heavy-water reactor
technology, limited heavy-industry infrastructure, and
desire for both technological autonomy and energy self-
sufficiency, contributed to the creation of the first
CANDU reactor in 1962.

As a natural consequence, other countries with
similar levels of industrial development expressed
interest in the CANDU design. Their ability to sidestep
the same onerous manufacturing and operational
requirements as Canada (the need for uranium
enrichment, a large pressure vessel, and a complex fuel
design) is both a tactical and strategic economic
advantage. The level of technology transfer thus
permitted was unprecedented in the growing nuclear
reactor market, and remains today a key attraction of
the technology.

With the maturation of the CANDU industry, the
unique design features of the now-familiar product -
on-line refuelling, high neutron economy, simple fuel
design, high level of passive and engineered safety -
have lead to serious plans for realizing the full potential
of its fuel-cycle versatility. A diverse line of products
can be offered to suit any international market, while at
the same time the natural-uranium "once-through" fuel
cycle remains the reference CANDU configuration, and
remains an important feature for many clients.

Several fuel-cycle options currently under
development by AECL are discussed in this paper.

The use of slightly-enriched uranium (SEU) can
improve uranium utilization by 30%, furthering the
advantage in resource extraction that CANDU reactors
already have over LWR designs. The use of SEU can
also reduce fuel cycle costs by 20-30%, and allow
greater flexibility in reactor operation that would lead
to further cost savings. The quantity of spent fuel
produced would also be reduced by a factor of 2 to 3.

The ability to run on low levels of uranium
enrichment, suggests that CANDU reactors could be
employed to generate energy from the by-products of
other reactor technologies. It becomes, in effect, a tool
for "recycling" the waste products of electricity
production from other reactor types.

The "Recovered Uranium" (RU) fuel cycle
involves the use of uranium at about 0.9% enrichment,
produced by the reprocessing of conventional LWR
fuel. The enrichment over natural U-235 abundance
(0.72%) means that all of the benefits of SEU fuel
cycles described above are realized. There is the
potential for dramatic savings in fuel cycle costs.

The "Direct Use of PWR fuel in CANDU"
(DUPIC) concept skips the uranium-separation step of
reprocessing, and imports used LWR fuel directly into
a CANDU reactor core. Only dry re-configuration is
applied, and volatile fission products are removed.
Again the benefits of SEU fueling are achieved, and
overall efficiency is improved.

Several fuel cycles involving thorium fuel have
been developed. Thorium's high abundance in the
earth's crust has lead many reactor vendors to study its
application as a "breeder" of reactor fuel. The CANDU
reactor, with its on-line refuelling and remarkable
neutron economy, is uniquely suited to the thorium
option.

In addition, advanced fuel-cycle concepts enable
CANDU reactors to operate in a "waste-burning"
mode, destroying long-lived actinides without creating
more at the same time. A simpler form of this concept
is a CANDU-MOX fuel cycle that burns weapons-
grade plutonium. AECL is currently cooperating with
the US and Russia to test this concept, with potential
near-term application to the disposition of some of the
world's surplus military plutonium.
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