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Risk reduction methods for preventing corrosion leakage in the novel nuclear field
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Abstract

At the Japan Atomic Energy Agency, approximately 130,000 drums of radioactive waste, each equivalent to 200 liters,
are stored. Some of these drums have been in storage for over 40 years, resulting in significant surface rust. Regular
maintenance, including repairs to the containers, is conducted to ensure safety management. To enhance this process, the
development of reuse technology for carbon steel containers using CW fiber lasers has commenced. This reuse technology
encompasses two main types: rust removal technology and rust prevention technology. The former employs lasers to strip
and eliminate rust and coatings, while the latter aims to improve long-term corrosion resistance through rapid heating and
cooling of the container surface, which facilitates fine crystallization and the formation of an oxide film. Laser rust removal
is an effective method that promotes the creation of non-conductive films with corrosion-resistant properties. However,
even with rust prevention measures implemented through this method, conditions such as high humidity and the presence
of organic matter can lead to rust formation due to microbial corrosion proliferating on the surface of the drums. This
research proposes a storage method that integrates laser evaporation techniques for rapid rust removal with strategies to
mitigate chemical and microbial corrosion effects under storage conditions for rusty drums. Specifically, as a proposal for
rust prevention and removal using laser technology, the focal spot of the continuous wave laser is scanned at high speed
to conform to the shape of the target object. By adjusting the oxygen concentration, both the evaporation of the corrosion
layer and the simultaneous formation of a magnetite protective film are achieved. Additionally, to reinforce the magnetite
protective film layer, chemical treatment is applied through a polyphenol reduction reaction using tannic acid. For
microbial rust control, microbial species that significantly contribute to iron oxidation are identified, and the rusting
mechanism is elucidated through whole-genome analysis of isolated bacteria. The identification of rust-causing
microorganisms and the organization of conditions conducive to iron oxidation are conducted. Furthermore, to detect
moisture within low-level radioactive material storage containers, neutron imaging of simulated waste storage containers
is performed to identify those at high risk of rust formation without the need to open them. As a result, the advancement
of the rust removal process using lasers demonstrates that efficient and high-integrity rust removal is achievable. However,
there remains a risk of rust formation due to the proliferation of microorganisms on the surfaces of drum cans, particularly
when conditions such as humidity and the presence of organic matter are favorable. Microorganisms associated with
corrosion, including Noviherbaspirillum and Massilia, have been identified. Although archaea and fungi were infrequently
detected, there is a possibility that, under specific storage conditions, paint could act as a source of organic matter for
microbial growth.
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Fig.1 Drum cans storing low-level radioactive waste.
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Fig.2 Reuse technology for steel containers using CW

fiber lasers.

Table 1 The mechanisms of microbial corrosion
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Fig. 3 A drum left for 4 months for accelerated
corrosion test @ JAEA.
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Fig.4 Details of the sampling locations from the drum can.
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Fig.5 Neutron irradiation chamber (composed of
scintillator, sample and stage, and shutter)
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Fig. 7 An image of a gel for archaea and fungi
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Fig. 8 Structure of microbial community determined by
MinION from drum left for 4 months for accelerated
corrosion test @ JAEA
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Fig. 9 Concentration of eluted ferric ions

Fig. 10 An image of a gel for bacteria
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Fig. 11 Photo of the mock waste storage in steel container.
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