
FR0201899

Reprocessing of Gas-Cooled Reactor Participate Graphite Fuel
in a Multi-Strata Transmutation System

J. J. LAIDLER

Chemical Technology Division
Argonne National Laboratory

9700 South. Cass Avenue
Argonne, Illinois 60439-4837

United States of America
e-mail: laidler@cratanl.gov

Spent nuclear fuel discharged from light water reactors (LWRs) contains significant
quantities of plutonium and other transuranic elements. Recent practice in Europe and Japan
has been to recover the plutonium from spent fuel and recycle it to LWRs in the form of
mixed uranium-plutonium oxide (MOX) fuel. Irradiation of the recycle fuel results in the
generation of further plutonium and an increase in the isotopic concentration of the higher
isotopes of plutonium, those having much lower fission cross sections than 239Pu. This
restricts plutonium recycle to one or two cycles, after which use of the plutonium becomes
economically unfavorable. Recycle of the highly-transmuted plutonium in fast spectrum
reactors can be an efficient method of fissioning this plutonium as well as other minor
transuranics such as neptunium, americium and perhaps even curium. Those minor
transuranics that are not conveniently burned in a fast reactor can be sent to an accelerator-
driven subcritical transmutation device for ultimate destruction.

The preceding describes what has become known as a "dual strata" or multi-strata" system.
It is driven by the incentives to realize the maximum amount of energy from nuclear fuel and
to eliminate the discharge of radiotoxic transuranic elements to the environment. Its
implementation will be dependent in the long run upon the economic viability of the system
and on the value placed by society on the elimination of radiotoxic materials that can
conceivably be used in the manufacture of weapons of mass destruction.

The multi-strata concept could lead to a sustainable system of nuclear power for electricity
generation, developing as an evolutionary system. Should fast reactors prove impractical in
title near term, it might be advantageous to send the recovered first-cycle plutonium from
LWRs to gas-cooled thermal reactors, which can consume 239Pu very efficiently while
generating electric power at quite high levels of thermal efficiency and with a high degree of
inherent safety. A non-fertile transuranic-only fuel for this purpose seems practicable. Over
90% burnup of the 239Pu charged is feasible using coated particulate fuel; fissioning of the
remaining higher isotopes of phitonium and other transuranic elements is not, however,
practical. The discharged gas reactor fuel must thus be reprocessed to extract the unburned
transuranics, which can then be directed to an accelerator-driven fast spectrum system for
complete destruction. The quantity of material going to the fast system in this case would be
comparatively small, reducing the demands on this relatively expensive element of the
overall nuclear system. One can envision a scenario in which the accelerator-driven system
evolves into a critical fast reactor system for transmutation, which in turn evolves into a more
expansive reactor system for transuranic burning and electric power generation.



The reprocessing of TRISO-coated paniculate fuel has been an issue in the evaluation of gas
reactor systems for a number of years. The very large quantity of non-fuel materials that
make up each particle, and their chemical stability, necessitate extreme methods for
reprocessing. Each fuel kernel is coated with a porous carbon buffer, then with a pyrolytic
carbon layer, then with a silicon carbide layer, and finally with another outer pyrolytic carbon
layer. Fuel kernels are typically 0.2 millimeters in diameter and the complete fuel particle is
around 0.65-0.8 microns in diameter. The mass of fuel in the kernel is exceeded by the mass
of silicon and carbon in the coating. Previous methods of reprocessing of this fuel centered
on means for removing the TRISO coating, either by fine roll-crushing or by burning. The
exposed fuel kernels could then be leached to dissolve the fuel materials and fission products.
The drawbacks to these processes are the difficult treatment of offgases and the inability to
assure complete extraction of the actinide elements. If the nuclear system is operated in a
mode that requires virtually absolute elimination of the transuranic materials, then a more
efficient reprocessing method is required.

A new reprocessing method is being developed for application to non-fertile particulate fuel
for plutonium-burning gas reactors. The goal of this development project is to establish a
separations method that will achieve better than 99.9% recovery of all transuranic elements
present in the spent fuel. Because long-lived fission products are also of concern for geologic
disposal, the separations method must also provide for the recovery of iodine and technetium.
The process under study is a fluoride volatility process, which removes the TRISO coating in
the form of highly volatile carbon and silicon tetrafluorides, which are then converted to a
mixture of calcium fluoride, calcium carbonate and calcium silicate which can be disposed as
a low-level waste. The volatile fission product fluorides are sent through an off-gas system,
where technetium and iodine are extracted. The transuranic elements are separated by a
second volatilization step from the non-volatile fission product fluorides and then reduced for
subsequent destruction by fissioning in the fast spectrum transmuter. The non-volatile fission
products are converted to fluorapatite for disposal as high-level waste.

The overall flowsheet for this process is currently being developed in detail. Particular
attention is being directed to the offgas system and to the final transuranic separation step. If
the quantity of low-level waste generated is found to be acceptable, then this method
facilitates an important option in the deployment of multi-strata systems by making the
thermal gas-cooled reactor a viable element of the system.


