


Supplementary materials
The detailed results of the particle size data in Sections 3.3 and 4.4 are shown below.
Sections 3.3 and 4.4 of the manuscript involve some grain grading parameters (Tabel T1 and T2). The parameters were calculated as follows in this study.
The particle size data obtained in this paper was the mass content of each grain group. The grain groups were: 60 mm ~ 40 mm, 40 mm ~ 20 mm, 20 mm ~ 10 mm, 10 mm ~ 5 mm, 5 mm ~ 2 mm, 2 mm ~ 1 mm, 1 mm ~ 0.5 mm, 0.5 mm ~ 0.25 mm, 0.25 mm ~ 0.075 mm, < 0.075 mm. This study used the geometric mean particle size (dxi) of each grain group to represent them. Such as, , , , , , , , , , , .
This study then interpolated the geometric mean particle size (dxi) and the grain group content (Δφxi) using the Pchip method (Fig. T1), which allows us to get specific data for any point. Some of the grain grading parameters were calculated as follows (1)~(3) equations：
	
	

	(1)


Where d represents the average particle size, mm; σ is the standard deviation of the particle size, mm; N is the total number of grain groups; dxi is the geometric mean particle size of the grain group, mm; Δφxi is the content of each grain group, %.
	
	

	(2)


Cu represents the coefficient of nonuniformity; Cc is the coefficient of curvature; The d10, d30, d50 (median particle size), and d60 represent the particle sizes corresponding to a cumulative content of 10 %, 30 %, 50 %, and 60 %, respectively (Fig. T1(a)).
	
	

	(3)


K is kurtosis; SK is skewness; μ(Δφxi) is the mean value of the content of the grain group; σ(Δφxi) is the standard deviation of the content of the grain group.
	[bookmark: Fig_T1][image: ]
Fig. T1 Pchip's interpolation and some parameters to obtain. (a) To get d10, d30, d50, d60. (b) To get CGravel, CSand, CSilt-clay.


Table T1 Grain grading parameters before pretreatment B4
	[bookmark: Table_T1][bookmark: _Hlk155470676]Samples
	d (mm)
	σ
(mm)
	d50
(mm)
	Cu
	Cc
	K
	SK
	CGravel
	CSand
	CSilt-clay

	S1
	5.37 
	6.73 
	5.69
	38.94 
	2.77 
	1.40 
	0.25 
	2.80%
	17.41%
	79.79%

	S2
	1.17 
	12.47 
	1.85
	480.06 
	1.73 
	1.81 
	-0.52 
	12.39%
	34.13%
	53.48%

	S3
	0.98 
	8.80 
	0.32
	73.03 
	0.65 
	2.80 
	0.91 
	5.31%
	53.31%
	41.38%

	S4
	2.44 
	9.66 
	3
	182.39 
	1.45 
	1.58 
	-0.12 
	6.38%
	28.52%
	65.10%

	S5
	6.05 
	14.92 
	14.14
	2045.50 
	102.28 
	2.80 
	0.95 
	9.69%
	12.37%
	77.94%

	S6
	1.57 
	9.34 
	1.72
	158.00 
	2.00 
	2.24 
	-0.79 
	6.98%
	40.34%
	52.68%

	S7
	2.97 
	14.23 
	4.18
	935.00 
	10.00 
	2.75 
	0.13 
	10.49%
	23.42%
	66.09%

	S8
	1.54 
	12.19 
	1.82
	311.96 
	1.00 
	3.04 
	-0.17 
	8.82%
	38.39%
	52.79%

	S9
	4.61 
	7.83 
	6.07
	84.72 
	4.32 
	2.15 
	0.68 
	3.69%
	21.61%
	74.70%

	S10
	1.90 
	15.38 
	2.85
	872.37 
	0.99 
	2.16 
	-0.12 
	11.48%
	28.43%
	60.09%

	S11
	0.92 
	10.65 
	0.81
	322.11 
	1.55 
	1.88 
	-0.26 
	11.86%
	41.23%
	46.91%

	S12
	1.50 
	6.68 
	1.28
	44.82 
	1.01 
	1.54 
	-0.43 
	3.34%
	47.82%
	48.84%

	S13
	3.12 
	6.67 
	2.99
	37.75 
	0.59 
	2.13 
	-0.08 
	1.62%
	34.69%
	63.68%

	S14
	0.96 
	14.46 
	0.84
	556.67 
	1.13 
	2.35 
	-0.22 
	15.14%
	37.51%
	47.34%

	S15
	3.56 
	11.01 
	7.67
	325.24 
	1.16 
	3.13 
	0.94 
	5.74%
	27.41%
	66.85%

	S16
	2.32 
	9.66 
	2.62
	155.06 
	1.59 
	2.45 
	-0.55 
	5.83%
	34.37%
	59.80%

	S17
	2.71 
	9.31 
	2.98
	123.42 
	1.28 
	2.61 
	-0.57 
	4.99%
	32.80%
	62.21%

	S18
	2.77 
	8.03 
	2.85
	72.19 
	0.90 
	2.00 
	-0.41 
	3.48%
	34.48%
	62.04%

	S19
	4.04 
	7.35 
	3.84
	43.48 
	0.77 
	2.04 
	-0.45 
	1.93%
	30.94%
	67.14%

	S20
	3.35 
	5.97 
	3.05
	25.78 
	0.72 
	1.72 
	-0.02 
	1.47%
	33.45%
	65.07%

	S21
	1.93 
	12.04 
	2.35
	363.92 
	2.64 
	3.30 
	-0.96 
	8.77%
	34.04%
	57.19%


Note: d is the average particle size, mm; σ is the standard deviation of the particle size, mm; d50 is the median particle size, mm; Cu is the coefficient of nonuniformity; Cc is the coefficient of curvature; K is kurtosis; SK is skewness; CGravel is gravel group (60 mm ~ 2 mm) content, %; CSand is sand group (2 mm ~ 0.075 mm) content, %. CSilt-clay is silt-clay group (<0.075 mm) content, %.

Continued table T1 Grain grading parameters before pretreatment B4
	Samples
	d (mm)
	σ
(mm)
	d50
(mm)
	Cu
	Cc
	K
	SK
	CGravel
	CSand
	CSilt-clay

	S22
	2.35 
	10.96 
	2.88
	253.22 
	1.58 
	2.20 
	-0.61 
	7.04%
	31.08%
	61.88%

	S23
	2.00 
	11.85 
	2.59
	358.51 
	1.80 
	2.17 
	-0.65 
	8.51%
	31.81%
	59.68%


Note: d is the average particle size, mm; σ is the standard deviation of the particle size, mm; d50 is the median particle size, mm; Cu is the coefficient of nonuniformity; Cc is the coefficient of curvature; K is kurtosis; SK is skewness; CGravel is gravel group (60 mm ~ 2 mm) content, %; CSand is sand group (2 mm ~ 0.075 mm) content, %. CSilt-clay is silt-clay group (<0.075 mm) content, %.
Table T2 Grain grading parameters after pretreatment B4
	[bookmark: Table_T2]Samples
	d (mm)
	σ
(mm)
	d50
(mm)
	Cu
	Cc
	K
	SK
	CGravel
	CSand
	CSilt-clay

	S1
	3.37 
	9.15 
	3.59
	118.99 
	8.95 
	2.05 
	0.29 
	5.84%
	22.48%
	71.68%

	S2
	0.79 
	15.10 
	0.71
	816.58 
	0.61 
	1.75 
	-0.26 
	18.41%
	32.47%
	49.12%

	S3
	0.62 
	9.01 
	0.25
	39.38 
	2.94 
	2.69 
	0.90 
	9.41%
	56.10%
	34.48%

	S4
	2.00 
	11.46 
	2.73
	445.45 
	2.87 
	1.71 
	-0.33 
	9.34%
	28.42%
	62.25%

	S5
	3.05 
	20.33 
	8.33
	3791.40 
	60.95 
	1.55 
	0.12 
	15.60%
	13.81%
	70.59%

	S6
	0.74 
	13.51 
	0.54
	378.00 
	1.00 
	2.92 
	0.20 
	15.67%
	43.31%
	41.03%

	S7
	2.00 
	18.30 
	3.3
	1637.20 
	6.40 
	2.50 
	0.00 
	14.57%
	25.66%
	59.77%

	S8
	1.24 
	14.42 
	1.46
	510.27 
	0.56 
	3.33 
	0.30 
	12.03%
	37.71%
	50.26%

	S9
	2.36 
	11.11 
	3.67
	339.08 
	1.38 
	1.67 
	0.07 
	6.88%
	29.68%
	63.45%

	S10
	1.27 
	19.30 
	2.33
	1575.43 
	0.72 
	2.02 
	-0.20 
	17.92%
	26.27%
	55.81%

	S11
	0.64 
	13.67 
	0.52
	639.29 
	0.74 
	1.78 
	-0.13 
	19.07%
	37.56%
	43.37%

	S12
	0.58 
	8.32 
	0.33
	61.38 
	2.47 
	2.38 
	0.45 
	10.33%
	58.90%
	30.77%

	S13
	1.35 
	9.78 
	0.73
	104.38 
	0.97 
	2.46 
	-0.07 
	6.09%
	48.50%
	45.41%

	S14
	0.68 
	16.85 
	0.49
	695.66 
	0.48 
	2.83 
	0.39 
	20.70%
	36.62%
	42.68%

	S15
	2.21 
	18.96 
	7.55
	2624.22 
	1.49 
	2.38 
	0.58 
	14.84%
	22.31%
	62.85%

	S16
	1.23 
	12.94 
	1.11
	370.51 
	1.15 
	3.39 
	-0.13 
	10.94%
	40.62%
	48.45%

	S17
	1.50 
	12.57 
	1.62
	337.36 
	1.28 
	3.48 
	-0.53 
	9.39%
	39.39%
	51.22%

	S18
	1.53 
	11.04 
	1.57
	211.15 
	1.11 
	2.79 
	-0.46 
	7.64%
	41.38%
	50.98%

	S19
	2.43 
	11.37 
	2.57
	226.10 
	1.17 
	3.07 
	-0.79 
	6.38%
	35.92%
	57.69%

	S20
	2.28 
	8.38 
	2.38
	83.04 
	0.91 
	2.12 
	-0.16 
	4.12%
	37.59%
	58.29%

	S21
	1.23 
	15.80 
	1.47
	710.23 
	0.78 
	3.01 
	-0.16 
	14.10%
	35.55%
	50.35%

	S22
	1.53 
	13.73 
	2.18
	610.24 
	2.18 
	2.40 
	-0.90 
	11.80%
	32.28%
	55.92%

	S23
	1.33 
	14.41 
	1.99
	694.38 
	2.15 
	2.11 
	-0.78 
	13.39%
	32.36%
	54.25%


Note: d is the average particle size, mm; σ is the standard deviation of the particle size, mm; d50 is the median particle size, mm; Cu is the coefficient of nonuniformity; Cc is the coefficient of curvature; K is kurtosis; SK is skewness; CGravel is gravel group (60 mm ~ 2 mm) content, %; CSand is sand group (2 mm ~ 0.075 mm) content, %. CSilt-clay is silt-clay group (<0.075 mm) content, %.
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