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Text S1

[bookmark: _Hlk139101193]Figure S1 presents the modelling result of the solid volume fraction of bentonite with time across the width of the sample for rh= 3 mm (Fig. S1a) and rh= 6 mm (Fig. S1b) piping channel. It can be observed that there is almost no bentonite expanding into the piping channel, as the swelling velocity is much smaller than the erosion rate. The water velocities () for rh=3 mm and rh=6 mm are 0.06 m/s and 0.015 m/s, respectively (Sane et al., 2013). The maximum expansion diffusivity of bentonite colloid () is 10-9 m/s (Nerenieks et al., 2009; Yan et al., 2021). The dimensionless Peclet number (Pe=) is used to identify the impacts of expansion rate and flow rate on the overall process. The Peclet numbers for rh=3 mm and rh =6 mm are 6106 and 1.5106, respectively, demonstrating that the erosion rate induced by the water flow can be significantly larger than that of the expansion rate. It is noted that the flowing water continually eroded the bentonite mass that was separated from the sample and released into the piping channel. The solid fraction profile decreased as time increased (Fig. S1). For example, the solid fraction of bentonite decreased from 59% to 32 % at r=40 mm during 40 hours of water-clay interaction (t=10 h to t=50 h, Fig. S1). 


Figure S1
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[bookmark: _Hlk139101216]Figure S1. Modelling results of the solid volume fraction of bentonite with time (a) rh =3 mm piping channel and (b) rh =6 mm piping channel


Test S2
The separation distance between the flat particles () is directly controlled by the solid fraction of clay and can be described by (Laxton and Berg, 2006)
	
	(S-1)


where  is the maximum clay solid volume fraction.
The expression of attractive van der Waals forces () and repulsive electrical double layer forces () is given by 
	
	(S-2)
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where  is the Hamaker constant,  is the surface area of the particles, the function  represents the scaled potential in the midpoint between parallel plates. The function  represents the non-dimensional potential in the midpoint between parallel plates of, for example, a fracture, described by Liu et al. (2009) and Sedighi et al. (2021):
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where
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The Debye length () is given by: 
	
	(S-7)


where  is the Faraday’s constant;  is valence of ions in the mid-plane and  is the dielectric constant. 
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