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High-level radioactive waste (HLW) geological disposal represents one of the most critical challenges facing the nuclear energy sector, requiring comprehensive understanding of radionuclide migration behavior in deep geological formations. Long-lived alpha-emitting radionuclides, including plutonium-239 (T1/2=24ky) are hazardous and radiotoxic nuclides. Moreover, Pu has very complicated environmental behavior due to redox transformations. Understanding its geochemical behavior, particularly its sorption characteristics under repository-relevant conditions, is essential for accurate performance assessment and safety case development.
This study presents a comparative investigation of Pu sorption characteristics on fracture filling and rock samples collected from two internationally significant candidate disposal sites: the Beishan granite formation in China, and the Yeniseisky granitoid massif in Russia.
The comparative approach adopted in this investigation offers several advantages over site-specific studies. By examining fracture filling materials from two distinct geological settings within a single experimental framework, this research facilitates direct comparison of Pu sorption behavior under identical laboratory conditions, thereby isolating the influence of material properties from methodological variability. Furthermore, the international dimension of this work aligns with growing recognition of the benefits of cross-site collaboration and data sharing within the radioactive waste management community.
[bookmark: _GoBack]We selected fracture fillers and rocks from the different wells of two sites, batch sorption experiments were conducted under controlled laboratory conditions to determine distribution coefficients (Kd) by kinetics sorption study, and then assess the influence of mineralogical composition, pH, fraction size (surface area) on Pu retention. 
Results indicate substantial differences in sorption behavior between the two sites, with fracture filling samples from Beishan demonstrating higher sorption capacities attributable to elevated clay mineral content and favorable surface complexation sites. Yeniseisky fracture filling samples exhibited moderate sorption characteristics influenced by the presence of secondary alteration products and fracture-infilling assemblages. But for rock samples, the soprtion results from Yeniseisky is better than Beishan. The findings provide critical insights for performance assessment models and contribute to the scientific basis for site selection criteria in deep geological disposal programs.

