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The evolution and migration of gaseous fission products in nuclear fuel is of particular importance as they 

can have a detrimental effect on the overall performance of the fuel. Despite extensive investigation of 

UO2 light water reactor (LWR) fuels, many of the fundamental mechanisms governing the gas transport 

remain unknown [1]. In these LWR fuels, it is well known that the high burnup structure (HBS) forms on 

the periphery of the pellets [2]. The HBS porosity retains most of the region’s fission gases and does not 

make a significant contribution to the fraction of gases released from the fuel [3]. It is thus believed that 

the central region of the fuel is responsible for the majority of the gases released, but different fuel 

microstructures conceal the responsible mechanisms. Fuel pellets that experienced high centerline 

temperatures formed an interconnected bubble network that was concluded to be the main source of fission 

gas release [4]. However, fuel pellets that did not form this interconnected network still showed moderate 

fission gas release [5]. Therefore, the mechanisms responsible for the latter scenario’s fission gas transport 

are still unclear. In this work, focused ion beam (FIB) tomography was employed to investigate the bubble 

structures of a UO2 fuel segment. This allowed for the visualization of the evolution of the volumetric 

microscale bubble structures, and thereby gas transport, as a function of both burnup and temperature.  

 

Six areas of interest (AOIs) were selected from the four different microstructural regions of a spent UO2 

fuel slice from the H.B. Robinson reactor. These AOIs were chosen for investigation with three from the 

HBS, one transition, one mid-radial, and one from the central region of the segment. Prior to sectioning, 

the AOI blocks had to be pre-milled. Volumes of 12×12×12 m3 were prepared so that they could be 

sectioned while still attached to the bulk volume. This reduced the time spent on sample preparation, as 

block lift-outs would add an unnecessary amount of time per AOI. To perform the sectioning process, 

FEI’s Auto Slice & View software was set to mill a 16×14×6 m3 volume with 30 kV and 0.5 nA ion 

beam conditions to reduce curtaining effects. The x and y parameters were set larger than the AOI to 

compensate for any drift during milling. The z parameter was optimized so that the FIB would still mill 

the desired amount, while minimizing time required for each section. For the secondary electron 

micrographs collected from the process, the electron beam was set at 5 kV and 0.41 nA to increase the 

contrast between the bubbles and the fuel. This would aid in the analysis efforts to reconstruct the 

volumetric bubbles structures. 

 

Figure 1 shows the reconstructions from the four different microstructural regions. The high burnup 

region, which retains significant amounts of fission gases within its bubbles, showed no interconnected 

bubble networks. As was expected, the central region showed the greatest evidence of bubble 

interconnection with small isolated interconnected networks. However, these networks were concluded to 

be insufficient to cause substantial fission gas release from the pellet at its end of life. This was determined 

due to the low fractional value of the interconnected bubbles compared to the total number of bubbles in 

the region. It was thus concluded that substantial fission gas release from the fuel pellet is unlikely to 

occur under standard operating conditions and current fuel lifetimes. The fuel would have to be run in the 



reactor for longer lifetimes, or reach temperatures seen during accident conditions. Under accident 

conditions, like a loss of coolant accident (LOCA) or reactivity insertion accident (RIA), temperatures 

would spike. If this temperature increase was great enough, the central region’s bubbles would have a 

higher mobility, which would allow them to interconnect and create the pathways for fission gas release. 

A temperature spike could also cause cracking across the pellet radius, which if it intersected with HBS 

bubbles, would release the substantial amounts of gas retained in the region’s bubbles. 
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Figure 1. Bubble reconstructions from the four microstructural regions with bubble size color coded by 

relative volume and axes scaled in microns. 


