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Main research themes and their characteristics

Development of Ultra-High Burnup Metal Fuel for Light Water =
Small Modular Reactor 20 |

Currently, small modular reactors (SMRs), which are considered highly safe next-generation reactors, are being
developed around the world; however, it has been pointed out that they are less economical than large light-water reactors.
One way to overcome this challenge is to reduce fuel costs by increasing fuel burnup. However, with conventional oxide
fuel (UO.) pellets, there have been concerns that the pellet-cladding mechanical interaction (PCMI) associated with high
burnup could lead to fuel failure. Therefore, we are investigating whether this interaction can be mitigated and high burnup
achieved by using metals (UZr, UPuZr) that are prone to creep, rather than oxides, as the fuel material. Figure 1 shows
the results of an analysis of changes in cladding stress when using both conventional oxide fuel and metal fuel. It was 0 . . L L 1 1
confirmed that in the high burnup range (over 100,000 MWdt), cladding stress is reduced when using metal fuel compared 0 2000 0500 @000 00 10600 J2000
to oxide fuel, and no cladding failure occurs. We believe this is because, in the case of metal fuel, axial creep deformation Rod Average Burnup (MWd /)
occurs after the pellet and cladding tube come into contact, thereby mitigating circumferential deformation of the cladding
tube.
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Future prospects

Having completed the development of a physical property model for metallic fuel, as well as models for irradiation-induced behavior such as creep, fission product
gas release, and swelling, and having implemented these into the irradiation behavior analysis code FEMAXI-7, we intend to proceed with fuel design for an actual
reactor. Furthermore, since metallic fuel is a promising candidate for a lunar reactor, we also plan to investigate its behavior in space.




