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The US Department of Energy recently awarded funds to create
the Center for Performance and Design of Nuclear Waste Forms
and Containers (WastePD) as part of the Energy Frontier Research
Center (EFRC) program. EFRCs are multi-investigator collaborations
of universities, national labs, and companies that “conduct
fundamental research focusing on one or more “grand challenges”
and use-inspired “basic research needs” identified in major
strategic planning efforts by the scientific community.”1 The
major performance parameter of nuclear waste forms is their
ability to isolate the radionuclides by withstanding degradation in
a repository environment over very long periods of time. So
WastePD is at heart a center focused on materials degradation.
In the USA, there are two main sources of nuclear waste: spent

nuclear fuel from commercial reactors composed of uranium
metal or oxide, and the legacy of the nuclear weapons program
existing as liquid/solid mixtures in underground steel tanks in
Hanford, WA, and Savannah River, SC. The tank waste will mostly
be mixed with molten borosilicate glass and cast into stainless
steel canisters. Some radionuclides in the tank waste are not
suitable for mixing into glass, and will instead be isolated in
ceramic or metal waste forms. All of the waste will be placed in
corrosion resistant metallic containers and eventually transferred
to a permanent mined underground repository. It should be noted
that the repository program in the US, which is dictated by current
US Law to be located at the Yucca Mountain site in Nevada, was
defunded by the Obama administration. The Trump administra-
tion has not yet indicated how it intends to proceed on this
important topic, but it is possible that the Yucca Mountain Project
will be restarted or that a new location for a repository will
be sought.
It is evident that nuclear waste in the repository and its

containers will take these three forms of solid matter: glass, metal,
and ceramic, and all three can degrade during exposure to the
environment. Glasses and ceramics are often considered to be
nonreactive and corrosion resistant, but they do degrade.2–4 When
exposed to water, glass reacts to form an alteration layer on its
surface that protects the glass and slows the rate of attack. In
some environments, however, this protective layer becomes
unstable and the glass exhibits an accelerated rate of attack.
The details of the exact nature and stability of the protective layer
are not known, and the transition to a non-protective condition
cannot be predicted. As a result, current repository performance
models take a conservative approach by assuming that glass will
corrode at an accelerated rate rather than the slow passive rate. A
better understanding of the glass corrosion process could provide
more robust repository models and influence the repository
design. Ceramic waste forms can also release the incorporated
radionuclides during interaction with the environment through

matrix dissolution, selective leaching, radionuclide diffusion, and
surface reaction. An alteration phase may also form on the surface
of ceramic waste forms to protect against further corrosion.
Furthermore, many of the ceramic hosts under consideration for
nuclear waste are semi-conductive and therefore can undergo
transformative electrochemical reactions in aggressive environ-
ments. The environmental degradation of ceramic waste forms
has not been studied in detail to date and little is known about the
phenomena involved.4 By their nature, metals are often suscep-
tible to corrosion, although extremely corrosion resistant alloys
(CRAs) have been developed by the judicious combination of
alloying elements and prescribed processing. These alloys, such as
the Ni-based Alloy 22 that was planned as the canister material for
Yucca Mountain,5–7 are protected by the spontaneous formation
of a very thin surface oxide layer known as a passive film.
However, such nanometer-thick films can break down and lead to
accelerated forms of corrosion. It is still not clear whether the
corrosion protection of CRAs stems primarily from the ability of
the passive film to resist breakdown or from its ability to reform
when breakdown does occur. Thus, it is clear that there are
unifying concepts in the degradation of the three materials classes
of waste forms.
WastePD involves 13 principal investigators from nine institu-

tions, and is based at The Ohio State University in Columbus, OH,
USA. The other institutions include universities (University of
Virginia, Penn State University, Louisiana State University, Rensse-
laer Polytechnic Institute, and University of North Texas), national
labs (Pacific Northwest National Lab and the French Center for
Atomic Energy, CEA) and one company (QuesTek Innovations).
The PIs are divided into three teams focused on glass, ceramic,
and metal degradation, respectively. WastePD is the first center
ever created to address the degradation of this diverse group of
materials in a comprehensive and coordinated manner. These
teams are tied together by synergistic activities in the areas of
computation, commonalities, and materials design. The three
teams and unifying synergistic activities are illustrated schemati-
cally in Fig. 1. Synergistic collaborations are a critical component
of every EFRC as they are required for making the output of a large
center more than the sum of its individual components. It is
expected that, for WastePD, the interactions of experts in each of
the forms of matter will create new approaches and under-
standing that would not have been possible otherwise.
Materials design has evolved in recent years from a trial-and-

error process to concepts based on Integrated Computational
Materials Engineering (ICME), which uses models of the funda-
mental underlying science to predict material properties.8 ICME
concepts have not been applied to CRAs or nuclear waste glass and
ceramics. It should be noted that, although it is “use-inspired,” the
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research supported by the EFRC program must be very funda-
mental in nature. As such, the goals of WastePD are not to develop
new materials to be used as nuclear waste forms. Rather, this center
will generate the fundamental understanding of the degradation
mechanisms of the waste forms and the innovative ICME design
strategies that will facilitate the subsequent development of new
materials with improved properties. This understanding will also
provide DOE the tools to prevent environmental contamination
and to explore totally new disposal concepts.
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Fig. 1 Schematic representation of the organization of WastePD
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