
Re-irradiation of Flux Thimble Tubes Using Heavy Ions  

M. Song1, K.G. Field2, J.T. Busby2, C. Topbasi3, G.S. Was1 

1University of Michigan, Ann Arbor, MI, 48105 

2 Oak Ridge National Laboratory, Oak Ridge, TN, 37831 

3 Electric Power Research Institute, Palo Alto, CA, 94304 

Abstract: 

Flux thimble tubes (FTT) made of cold-worked 316 stainless steel were removed after 

service for 34 years from a PWR after reaching a maximum damage level of ~100 displacements 

per atom (dpa). Specimens were extracted from varying axial locations on the FTT to obtain 

specimens with nominal dpa values of ~0, 38, 72, and 100. The estimated temperature was within 

300~320℃ range. Comprehensive microstructural characterization was performed for irradiation-

induced features on the reactor irradiated specimens, including dislocation loops, nano-cavities, 

radiation induced clusters and radiation induced segregation (RIS).  

An ion irradiation with 9 MeV Ni3+ was performed on the 0 dpa sample to a damage level 

of 38 dpa at 410℃ with a damage rate of 8×10-4 dpa/s to evaluate the effectiveness of ion 

irradiation in emulating reactor radiation. The elevated temperature of the ion irradiation was 

completed to compensate for the increased dose rate compared to the reactor irradiation. The 

dislocation loops and radiation-induced segregation in the ion irradiated samples matched well 

with that of the 38 dpa sample irradiated in reactor. The Ni-Si clusters in the ion-irradiated sample 

were slightly larger than those in the reactor irradiated sample, and nanocavities were absent in the 

ion irradiated specimen due to the lack of concurrent helium injection. With these preliminary 

results, ion irradiations were then performed on the reactor-irradiated 38 dpa specimen at different 

temperatures (390℃ and 410℃). A damage level of 34 dpa was added for a combined damage 

level of 72 dpa. Systematic characterization was performed on the ion-irradiated specimens. The 

results are compared with the reactor irradiated specimen at 72 dpa to determine the best 

temperature to capture all the microstructural features including nanocavities, loops, RIS, and 

clusters/precipitates.  

 

71MiNES 2019, Baltimore, MD, October 6-10, 2019




