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Composition of U.S. Spent Nuclear Fuel

Inconel 1.5% RE 0.72%

Zircalloy 25.2%

A TRU 0.68%

FP's 2.7%

Xe 0.37%
Tc 0.05%
U 66.6% Zr 0.26%
Sr 0.04%
Mo 0.23%
Ru 0.15% Te 0.03%
Cs 0.13%
_/
——Kr0.02%
1 0.02%

Average composition, PWR and BWR, accumulated so far (1968
to 2002) and calculated on the basis of 40 years of cooling.
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Introduction

e A responsible and sustainable deployment of nuclear energy
should be based on a life-cycle that maximizes the use and
reuse of the resources and minimizes the amount of wastes,
particularly those requiring geological disposition.

e The U.S. Advanced Fuel Cycle Initiative (AFCI) is developing an
advanced spent fuel treatment process that will separate the
major heat sources, volatile species, long-lived fission
products, actinides, and cladding, and should be able to
recover more than 95% of the spent fuel mass.

o If a plant were to start-up in the United States by 2025 with a
capacity matching the present annual U.S. demand for new fuel
(2000 to 2500 MTU), on an oldest-fuel-first basis, the plant
would never process fuel that had been cooled less that 40
years.
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Advanced head-end process includes recovery and reuse of
cladding, hardware, and many volatile and semivolatile species
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As part of this effort, an advanced hybrid
process Is being studied

e This scheme includes a pyrochemical head-end followed by
aqueous-based separations, which may provide significant
simplifications, improvements, and reduced costs.

e The process of disassembly and decladding removes the second-
largest mass and volume fraction of spent fuel components.

— Processes might include mechanical methods to remove the
fuel pellets and produce a metal waste stream suitable for
either recycle or low-level waste disposal.

— Alternatively, a chemical decladding method might be used to
remove and recover the zirconium with similar or better results.
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Potential Advantages

e Most SNF management scenarios include separation of long-lived
FPs, including Tc. If not removed upfront, a significant amount of Tc
follows the dissolver insolubles making it very difficult to isolate.

e Mo and Tc interfere with several downstream separation processes.

e Unless 3H is separated upfront, it is not practical to isolate it during
the aqueous processing.

e lodine is a source of corrosion and complicates the treatment of
dissolver off-gas.

e Cs is a major source of radiation and heat. Up-front removal reduces
the need for shielding and limits the radiolytic degradation of the
solvents. Its early removal facilitates tracking of fissile materials.

o Because voloxidation is necessary for tritium confinement in any
case, the advanced voloxidation process could provide substantial
benefits without adding significantly to the plant cost.
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Treatment Alternatives for
Hardware and Cladding
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Advanced Head-End Treatment
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Mechanical Disassembly Decladding and
Decontamination: A conceptual design
prepared by Scientech

e A commercial laser tube cutting system was selected because of
its simplicity and ability to keep the laser unit outside the
contaminated area, thus simplifying maintenance.

e Through the use of reflectors, the laser is split into 3 beams to
simultaneously cut the fuel rods at 120 degree separation, the
length of the rod.

e Prior to splitting, the upper end of the fuel rod is removed with a
shear and fission gas is contained and transferred into a
processing system such as those employed in current fuel
processing operations.

e The individual fuel rods are fed through a roller system which can
accommodate the expected twisting and bowing of some of the
fuel rods.
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Design Highlights (cont.)

o A fuel pellet system collects the fuel pellets
once freed from the fuel rod and transfers them
into a criticality safe storage system container

e The fuel rod cladding is cleaned by a
combination of a scraper/brush tool and a laser
ablation system. In addition, a tube expander is
used to assure the release of all fuel pellets.

—A ~7um inner layer contains nearly 100% of
the surface contaminants. 3H, 14C and
activation products need to be addressed
separately.

—These operations are all within a containment
system which captures all emissions.
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Dry chlorination could be a practical way of treating
cladding from spent fuel for purification and recovery

e Dry CI, will not significantly affect the steel components
— i.e. decladding with minimal or no disassembly

e Zr can be purified from most contaminants
— ZrCl, purification is a conventional step for making Zr and Zircalloy

— Because of its long half-life and very weak emissions, %Zr is not a
significant radiological problem
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A “ravioli” made of PWR Zircalloy
filled with a UO,, pellet was
chlorinated at 350-380°C
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Experimental apparatus
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Apparatus at the end of chlorination
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The pellet (after washing and drying)
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The following visual observations were made

e The pellet appeared intact: no appreciable weight change.

e Cream-colored deposits found in the tubing connected to the
exhaust: possibly highly volatile species of SnCl,.

e The bulk of the deposits were white ZrCl,.

e An orange-brown zone near the bottom section: probably

e A purple-pinkish deposit remained at the bottom near the
pellet: possibly CrCl,.

e In all cases, no activity (as measured using a handheld beta-
gamma “pancake” detector) was detected in the deposits.
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Enhanced Voloxidation Option

* Repeated cycling between UO, and U,;04 using air at
~500°C and H, at ~800°C enhances the release of FP’s (e.g.
OREOX process) by breaking the particles.

e Our tests show that black U;0; (prepared by voloxidation
of UO, at 500°C) readily reacts with ozone to form a red
color UO, at temperatures below 200°C that decomposes
back to U;O4 at temperatures above 300°C.

— This fact opens the possibility of a lower temperature cycle without
the potential danger of cycling O, and H, atmospheres.
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Conclusions

e A conceptual design by Scientech for a mechanical
disassembly and decladding process that includes
decontamination appears very promising.

e In addition, proof-of-principle tests showed that dry
chlorination could be used for chemical decladding.

e “Standard” voloxidation has been shown to remove
volatile species. A second step, using a combination of
oxygen and steam and/or ozone, can remove semivolatile
species.

e Cold surrogate tests have shown that chlorination of the
oxide powder generated by voloxidation, followed by
water washing, could remove the soluble chlorinated
products (minor actinides, rare earths, Cs, and Sr) while
leaving behind the insoluble U, Np, Pu, and Zr oxides.
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