S1 	SHEAR STRESS STUDY: APPROACH & FINDINGS
S1.1	Approach
Shear stress created by the bubble streams was estimated under various combinations of flow rates (low, medium and high) and surface types used in the scouring trials described in this paper. The approach taken here required the determination of fluid velocity profiles relative to plate surfaces (Crimaldi et al. 2002; Koehl 2007). Video footage of bubble streams moving across plate surfaces was obtained to measure bubble rise velocities away from the plate wall; similar approaches have been used to calculate mean free stream velocities in larval settling studies (Crimaldi et al. 2002). Foul release (FR-IS1100) and acrylic (ACR) coated plates (200 x 150 x 20 mm L x W x H) were mounted to high clarity glass sheets creating a cross sectional plane of bubbles 100-200 mm away from the camera lens. The glass sheet and mounted plate apparatus was placed at a height of 100 mm above the diffuser and the plate set at an angle of 22° relative to the horizontal plane. All video footage was taken at 1080p and 240 fps using underwater lights to illuminate flow patterns. 
After video footage was obtained for each material and plate orientation, 10 sequential image frames were selected from each trial for analysis. Each image sequence was analyzed in ImageJ and MATLAB to obtain velocity vectors of bubbles in the frontal cross-sectional plane near the plate surface. Bubbles close to the plate surface were assumed to be in the plane of the glass plate and the change in distance of the bubbles along the plate was marked between each image sequence. The change in distance was then divided by the inverse of the frame rate (240 fps) to yield a set of velocity vectors. 
Two methods were used to estimate shear stress depending on the distance from panel surface (Table S1): The Law of the Wall equation (Menesses et al. 2017; Massel 1999) and Fundamental Viscosity equation (Munson et al. 2013). Shear stress values associated with different flow rates (low, medium and high) was calculated using velocity profile data, the Law of the Wall equation and fundamental fluid viscosity equation. The fundamental fluid viscosity equation was used when the bubbles were considered to be in contact with the wall surface (y < 1mm), where the Law of Wall equation isn’t valid (Menesses et al. 2017; Munson et al. 2013). Bubble velocities were relatively constant along the plate surface, assuming 1-dimensional flow allowing the velocities in planes parallel to the plate surface to be averaged. To calculate the velocity of the bubbles away from the wall (along y-axis perpendicular to plate surface) the same approach was used. Figure S1 shows a sample image used for calculating the velocity profiles. Previous studies have used a similar approach for calculating the fluid velocity profile, however, it should be highlighted that these studies used PIV techniques and image processing programs to more precisely compute the velocity vectors (Menesses et al. 2017, Liu et al. 2016). We therefore advise caution regarding the accuracy of our estimates and they should be treated as approximates only. Additionally, our calculations are only applicable to highly simplified fluid flow scenarios; the details of the underlying assumptions used to make these simplifications can be found in Munson et al. (2013) and Massel (1999).




[bookmark: _Ref42771857]Table S1-1. Equations used for shear stress calculations. Here ‘y’ denotes the distance from the plate surface. See Menesses et al. (2017) and Munson et al. (2013) for the equation definitions.
	Method
	Comparison
	Equation

	Law of the Wall 
	Flow vs. Shear Stress (y > 1 mm)
	

	Fundamental Viscosity 
	Flow vs. Shear Stress (y < 1 mm)
	τ = μ
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[bookmark: _Ref42776393]Figure S1-1: Bubble velocity profile image with coated plate at an angle of 22°. Green contour represents bubbles in the frontal plane used to calculate velocities. 



S1.2	Findings
The shear stress values calculated for all experimental trials ranged between 176 ± 71 mPa at low flow rates to 415 ± 97 mPa at high flow rates (Table S2). The higher flow rate bubble trials were excluded from the analysis because of the turbulent behaviour of the flow patterns from the image sequences; bubbles were found to be moving in and out of the glass sheet plane making it impossible to track the bubbles movement along the plates.  

[bookmark: _Ref42773108]Table S1-2. Shear stress values estimated for bubble streams moving across fouling release (FR) and acrylic (ACR) panels positioned at an angle of 22° and 100mm above diffusers during low (0.9 L hr-1 cm-²), medium (1.7 L hr-1 cm-²) and high (2.6 L hr-1 cm-²) flow rates. Standard deviation (STD) values were calculated using sample STD with a 95% confidence interval. All shear stress values below were calculated using the Law of the Wall Model.
	Flow
	Material
	Shear stress (mPa)
	STDev
	95% CI

	Low
	FR-IS1100
	305
	138
	135

	Low
	ACR
	176
	24
	24

	Medium
	FR-IS1100
	385
	
	

	Medium
	ACR
	345
	89
	87

	High
	ACR
	415
	99
	97
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