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No single fuel-cycle path is appropriate for all countries. Many local and global factors will
affect the best strategy for an individual country. Fuel-cycle flexibility is an important factor in
an ever-changing, and unpredictable world. CANDU is an evolutionary reactor, offering a
custom fuel cycle to fit local requirements. Its unsurpassed fuel-cycle flexibility can
accommodate the widest range of fuel-cycle options in existing CANDU stations.

In the short term, the CANFLEX® bundle is nearing power reactor implementation. The
demonstration irradiation of 26 bundles in the Pt. Lepreau power station in New Brunswick,
Canada, started this September, and a water-CHF test will take place later this year that will
confirm the improvement in thermalhydraulic performance. CANFLEX provides enhanced
operating and safety performance through a reduction in peak linear element ratings, and a
significant increase in critical channel power. CANFLEX will be the near-term carrier of
advanced fuel cycles.

While natural uranium fuel provides outstanding advantages, the use of slightly enriched uranium
(SEU) in CANDU offers even lower fuel cycle costs and other potential benefits, such as uprating
capability through flattening the radial channel power distribution. Recycled uranium (RU) from
reprocessing spent PWR fuel is a subset of SEU that has significant economic promise. The use
of SEU/RU is the first logical step from natural uranium in CANDU.

For countries having LWR reactors, the ability to use low-fissile material in CANDU reactors
offers a range of unique synergistic fuel cycle opportunities. At one end of the spectrum is
conventional reprocessing. The recycled uranium can be used directly in CANDU without re-
enrichment. The plutonium can be utilized in conventional MOX fuel. Finally, the actinide
waste can be mixed with some of the plutonium, and incinerated in an existing CANDU reactor
using an inert-matrix carrier, such as SiC, burning most of the fissile plutonium, and a significant
fraction of the actinide waste. At the other end of the spectrum is the DUPIC cycle, employing
only dry thermal/mechanical processes to convert spent PWR fuel into CANDU fuel. With no
purposeful separation of isotopes from the fuel, the DUPIC process has a high degree of
proliferation resistance. This option is potentially simpler and more economical than
conventional reprocessing. The first DUPIC elements have been fabricated by AECL and KAERI
staff for a demonstration irradiation in the NRU reactor, to begin later this year. Between these
two extremes of recycling options are a multitude of other advanced options that offer particular
advantages in exploiting CANDU's high neutron economy to reuse spent LWR fuel without need
of separating, and enriching the contained fissile material.
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Thorium is a nuclear fuel in which there is potential widespread interest in the longer term, and
short-term interest in those countries possessing extensive thorium resources, but lacking
indigenous uranium supplies. Recycling in a CANDU reactor the 233U produced by irradiating
ThC>2 can reduce mined uranium requirements by up to 90%. Complete independence from
uranium is theoretically possible with the self-sufficient-equilibrium thorium fuel cycle in a
CANDU reactor, which in equilibrium, produces as much 233U as is consumed. The full
exploitation of the energy potential from thorium requires recycling, which will not be
economically justified for many years. Since commercial thorium fuel recycling facilities have
not been built, there is an opportunity to develop a new, cheaper, proliferation-resistant
technology for recycling.

In the long term, the CANDU reactor is synergistic with FBRs, with a few expensive FBRs
supplying the fissile requirements of cheaper, high conversion-ratio CANDU reactors, operating
on the thorium cycle. Direct recycle of fuel between the two reactor types is feasible.

The once-through thorium (OTT) cycle provides a bridge between current uranium-based fuel
cycles, and a thorium fuel cycle based on recycle of 233U. The optimal OTT cycle is economical
today, in terms both of money and uranium resources. This cycle creates a mine of valuable 233U,
safeguarded in the spent fuel, for future recovery predicated by economic or resource
considerations. AECL has recently devised practical OTT strategies.

The fuel cycle path chosen by a particular country will depend on many local and global factors.
The CANDU reactor has the fuel cycle flexibility to enable any country to optimize its fuel cycle
strategy to suit its own needs.

94


