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1. Used fuel container (UFC) design
The UFC is a cylindrical vessel made of 41 mm thick mild steel about 2.5 m long and 0.5 m in diameter, initially manufactured in two parts: the lower assembly and hemispherical head. On the outer surface, a 3 mm thick layer of copper is deposited by electrodeposition (ED-Cu) in all areas except for the closure weld zone region (see Fig. S1a). Following loading the UFC with used nuclear fuel rods, the hemispherical head (i) is welded to the lower assembly (ii). The bare steel region of the closure weld zone is then copper coated using cold spraying (CS-Cu) as shown in Fig. S1b. A closer look at the closure weld zone region with cold sprayed copper is shown in Fig. S1c. Finally, the cold sprayed copper layer is machined back to form a coating with uniform thickness and then locally annealed to restore ductility. The main purpose of the 3 mm thick copper coating is to provide corrosion resistance for the UFC under DGR conditions. For this reason, one of the focus areas in the NWMO research and development program is the corrosion behavior of the electrodeposited and cold sprayed copper layers [1], [2]. Environmental conditions, including oxygen levels (i.e., oxic to anoxic) in the DGR, change with time after UFC emplacement. Previous and future corrosion studies address several main topics: oxic corrosion, radiation-induced corrosion, anoxic corrosion, and sulfide-induced corrosion [2]. The UFC will also be subjected to elevated temperatures up to 100 °C [3] and mechanical stresses up to 45 MPa [4].
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Figure S1.  Schematic of ED-Cu and CS-Cu coatings on used fuel container (a) The hemispherical head (i) and lower assembly (ii) are coated with ED-Cu coatings and joined by welding. (b) CS-Cu is applied to cover the bare steel in the closure weld zone. (c) A cross-sectional view of the closure weld zone region, displaying non-uniform Cu coating thickness. (d) The oversprayed CS-Cu is machined back to achieve uniform thickness of 3 mm.

2. Load-displacement curves
A range of loads were tested on the samples before conducting high-speed nanoindentation mapping measurements. Fig. S2 shows the load-displacement curves of the materials in both the as-deposited state and after annealing at 350 °C for 1 hour. The tests were performed in load control mode, with a fixed time to maximum load of 10 seconds.  
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Figure S2. Load-displacement curves of (a) as-deposited and (b) 350 °C annealed materials.

3. Additional nanohardness maps
Fig. S3 shows examples of additional nanohardness maps of cold sprayed copper coatings in both the as-deposited and 350°C annealed conditions in different areas. The maps display similar results as shown in Figs. 3h and 4h regarding hardness ranges and distribution of higher-hardness regions associated with spalt-splat interfaces.
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Figure S3. Nanohardness maps of the (a) as-deposited, and (b) 350°C annealed CS-Cu N2 samples.


4. EBSD angular resolution estimation
The 0.95 percentile of the kernel average misorientation (KAM) of undeformed sample has been used as an estimation of angular resolution in previous studies [5]–[8]. Here, although the samples are not free from deformation, a region with visually low orientation gradient in the 350 °C annealed material (indicated by the yellow rectangle in Fig. S4(a)) is used for the estimation. Since the region is not completely strain-free, the noise in the following analysis tends to be an overestimation.  
Fig. S4(b) and (c) show the KAM map within the highlighted region. Fig. S4(b) is generated from the raw EBSD data, while Fig. S4(c) is the data filtered using an infimal convolution filter. The random orientation noise prevalent in Fig. S4(b) has been effectively removed by filtering. Fig. S4(d) presents the cumulative distribution curves of the KAM angles derived from the raw data and filtered data, with the 0.95 percentile indicated by red lines respectively. For the raw data, the angular resolution is estimated to be roughly 0.76°, which falls in the expected range of 0.5-1° for Hough-based EBSD. After filtering, the 0.95 percentile of KAM distribution decreased to around 0.07°, indicating a significant reduction in orientational noise. Therefore, data processed by infimal convolution filter has been used to generate all the EBSD-derived maps in the current study. 
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[bookmark: _Toc151383979]Figure S4. (a) IPF map of 350 °C annealed material, the region for KAM estimation is indicated by the yellow rectangle, (b) KAM map of the raw data, (c) KAM map of the filtered data, (d) cumulative KAM distribution of the raw data and filtered data.
4. Line profile analyses
Line profile analyses of the as-deposited material and 350 °C annealed material are presented in Figs. S5 and S6. In each material, eight analysis lines are drawn across adjacent splats, and the hardness profiles along the lines are plotted. The baseline hardness values  (horizontal dashed lines in blue) are obtained by averaging the measured hardness at the center of the grains (>1.5 µm away from grain boundaries). The splat-splat/jetting interfaces are indicated by the pink vertical lines, and the locations of grain boundaries are indicated by the red dots at the top of each profile. In both materials, higher hardness and more grain boundaries can be found near the splat-splat interfaces. The extent of grain boundary hardening  is estimated by averaging the hardness values near the small-grained splat-splat interfaces and subtracting the baseline hardness (Table S1). In other words, it is the difference between the peak values in the hardness profiles where the grain boundaries are present and the baseline hardness at locations far away from the grain boundaries. 
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Figure S5. Line profile analyses of as-deposited material (a): grain boundary maps with the analysis lines 1-8 indicated in yellow, (b): overlays of grain boundary map and hardness map, (c) - (j) hardness profiles along the analysis lines 1-8. The red dots indicate locations of grain boundaries, pink vertical lines indicate the locations of splat-splat/jetting interfaces.
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Figure S6. Line profile analyses of 350°C annealed material (a): grain boundary maps with the analysis lines 1-8 indicated in yellow, (b): overlays of grain boundary map and hardness map, (c) - (j) hardness profiles along the analysis lines 1-8. The red dots indicate locations of grain boundaries, pink vertical lines indicate the locations of splat-splat/jetting interfaces.

Table S1. Baseline hardness and grain boundary hardening of line profile analyses.
	
	
[GPa]
	 
[GPa]

	
	
	Line 1
	Line 2
	Line 3
	Line 4
	Line 5
	Line 6
	Line 7
	Line 8
	Average

	As-deposited
	1.92
	0.35
	0.27
	0.28
	0.35
	0.34
	0.30
	0.38
	0.27
	0.32

	350 °C annealed
	1.41
	0.18
	0.18
	0.19
	0.20
	0.18
	0.19
	0.15
	0.22
	0.19
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