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Decommissioning the FDNPS

Lessons Learned from the Chornobyl Nuclear Power Plant

—What is the Condition Needed to Suppress Degradation of Fuel Debris? —

T o SRR L

Fig.1 “Elephant foot” observed immediately after the accident*!
Fuel debris shaped like an elephant's foot was formed during the
Chornobyl NPP accident that occurred in 1986. It was very hard,
glassy, black, lava-like materials with very high radioactivity and
a large amount of concrete components.

The fuel debris generated in the reactors during the accident at
TEPCO's Fukushima Daiichi Nuclear Power Station (FDNPS)
in 2011 may undergo changes in its physical and chemical
properties because of aging over the removal period of several
decades. These changes may affect the retrieval process. Hence,
it is important to predict the aging of fuel debris, but such
knowledge is limited to that gained from the Chornobyl Nuclear
Power Plant Unit 4 (ChNPP-4), where an accident occurred
in 1986. In ChNPP-4, for example, it has been confirmed that
fuel debris shaped like an “elephant’s foot” as shown in Fig.1
has been significantly aging over time, as shown in Fig.2,
about 10 years after the accident. Therefore, in this study, we
investigated the knowledge on the aging of fuel debris formed
in the ChNPP-4 accident and discussed the aging of fuel debris
in the FDNPS and its effects.

The aging of materials is generally classified into three
based on their mechanisms: physical, chemical, and biological
aging. Physical aging refers to material degradation without
any chemical change. Chemical aging is caused by a chemical
reaction without biological effects. Biological aging is due to
biological interactions such as interactions with microorganisms.

The physical aging of fuel debris in ChNPP-4 is attributed
to seasonal and daily temperature changes, airflow caused by
pressure differences inside the building, and due to self-irradiation
of radiation due to a-decay, but these effects are considered to
be relatively small. Next, chemical aging is mainly attributed
to reaction with water that has become more reactive due to
radiation, and precipitates containing uranium as the main
component have been confirmed. These precipitates are regarded
to have actually been formed by reaction with moisture. In
addition, many microorganisms such as fungi have been
confirmed in the building, and the effects of biological aging

Fig.2 “Elephant foot” about 10 years after the accident*?
After approximately 10 years, the elephant foot shown in Fig.1
was confirmed to have started crumbling because of aging, and
some of it was scattered as fine radioactive particles.

due to microorganisms have been discussed, but the detailed
mechanism is not well understood.

Based on these findings, we considered the effects of the aging
of fuel debris on the FDNPS as follows. The current FDNPS
in-vessel is maintained in an inert atmosphere, and it is in a very
stable condition in which cooling water is continuously injected
with hydrazine, which inhibits oxidation and prevents the
growth of microorganisms. Therefore, the aging of fuel debris
is expected to be smaller than that in the case of ChNPP-4.
Formation of the rust layer on the surface of fuel debris mainly
composed of iron immersed in water is expected to increase
drastically temporarily, but the rust layer possibly delays the
corrosion in the long term. In addition, the dissolution of
uranium-rich fuel debris is also likely to be limited.

In the future, when the removal of fuel debris begins, oxygen
will be mixed in and the flow of accumulated water will
fluctuate. These changes may promote the chemical aging of
fuel debris, change its chemical properties, and affect solubility
and radionuclide dispersion behavior. Therefore, to minimize
the effects of aging during the removal process, it is important
to maintain the inert atmosphere inside the vessel and suppress
fluctuations in water flow. In addition, we believe that it is
important to conduct research that considers the effects of
oxygen in the event that oxygen contamination is unavoidable.
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