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A PWR fuel cycle is proposed, with the purpose of eliminating weapons grade
plutonium and degrading such plutonium to a proliferation resistance level. This RTPI
(Radkowsky Thorium-fuel Pu Incinerator) cycle is based on retrofitability of core and
assemblies to a Westinghouse type PWR. However the assembly is a seed-blanket
unit in which the seed, fueled with a Pu/Zr alloy in a high moderator/fuel volume
ratio, is supercritical, driving the subcritical blanket, loaded mainly with ThO2,
generating and burning in-situ U233. Blankets are loaded once every six years. Seed
undergo the usual three-batch management, one third of all seeds replaced every year.
The core generates about 1100 MWe.
Equilibrium conditions are established almost from the second seeds loading. For
such conditions the annual average of the disposed (namely core loaded) plutonium is
1210 Kg. Of these, 722 Kg are entirely eliminated and the remainder 488 Kg are
discharged with a high percentage of even mass isotopes, namely degraded from the
point of view of weapons fabrication. The number of spontaneous fissions per second
in a gram of this degraded plutonium is about 500, a value representing a considerable
proliferation resistance.
At the end of a six years of core residence the blankets discharge contains 780 Kg of
U233 (including the Pa233) and 36 Kg of U235. However, these fissile isotopes
constitute only 17% of the total uranium discharged since the blankets are loaded with
a relatively large amount of U238. This 17% enrichment of mostly U233 represents
the same criticality as 20% of U235 enrichment, hence the discharged uranium poses
no proliferation hazard.
The control of the RTPI core seems to be as feasible as that of a PWR: the RTPI
control variables, namely the moderator temperature coefficient, the reactivity per
ppm soluble boron, and the control rods reactivity worth, are about the equal to those
of a PWR.
The RTPI stockpile ingestion toxicity is, over a period often million years, about the
same as the counterpart toxicities of a regular, or MOX, PWR.
Compared with known PWR-MOX variants, the RTPI is a highly more potent
incinerator of weapons grade plutonium. Per 1000 MWe of power the RTPI and the
PWR-MOX each disposes of about 1000 Kg of Pu. However while the MOX core
eliminates only 260 Kg, the RTPI core eliminates 600 Kg; and the 400 Kg of RTPI
discharge Pu are considerably more degraded than the 740 Kg of the MOX discharge
Pu.
Although the RTPI core and assemblies are retrofitable to those of a PWR, there are a
number of features unique to the RTPI core and cycle, in comparison with the PWR
core and cycle.
One - The assembly hosts 17X17 pin positions of which the central 11x11 constitute
the plutonium bearing seed. The remaining 168 pin positions constitute the thorium
bearing blanket. A water gap of 2 mm width separates between the seed and the
blanket. This type of assembly is also known as an SBU, a Seed Blanket Unit. The
SBU geometry allows for the separate seed and blanket fuel managements. The seeds
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are three-batch managed with a checkerboard pattern for the fresh and twice burned,
and with once burned seeds in the core periphery. The blankets reside six years in
core to allow the slow buildup of U233 to take effect such that the blanket share in the
core power can be set a t about 44%.
Two - The moderator/fuel volume ratio in the seed is 3.14. This high value is chosen
for a twofold reason: to maximize the seed criticality, hence its driving power vs., the
blanket, and to augment the effective thermal cross section of the control rods to
counter the competition by Pu239 absorption (which is considerably higher than that
of U235 in a PWR assembly), thus maintaining a sufficiently high control rod worth.
The high moderator/fuel ratio is realized by utilizing annular thin fuel pins. In the
blanket both the pins and the moderator/fuel ratio are of regular values.
Three - While the seed power density (watts/cc) is only slightly higher than that of a
PWR, the specific power (MW/T) is considerably higher, namely 180 MW/T. This is
due to the relatively small amount of heavy metal in the seed. In three years of core
residence the seed fuel will acquire an average of 160T GWd/T. An oxide fuel will
not endure such an exposure, but the Pu/Zr alloy will.
Four - The Pu/Zr seed alloy will not sustain a temperature higher than about 500C.
The annual seed pins are designed to enable a relatively flat radial temperature profile,
hence a compliance with the 500C limit.
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