Appendix A
Fracture data was collected in 6 sampling areas around the community of Kuujjuaq (A1 to A6; Figure 2). In sampling area 1 (A1), the fracture data was collected in 6 outcrops spread around this fracture sampling area and in each outcrop 1 to 3 scanlines were used. The scanlines were placed at an angle to each other to capture more fracture information. This sampling area is characterized by two main fracture directions, E-W and NW-SE, and scattered fractures with orientation N-S and NE-SW (Figure A1). The lengths of the fractures range from a minimum of 0.32 m to a maximum of 13 m (Figure A1). The linear fracture intensity ranges from 0.35 to 4 m-1 (Figure A1). The average fracture spacing after application of the Terzaghi correction varies from 0.07 to 2.19 m (Figure A1).

[image: Chart

Description automatically generated]
Figure A1. a) Rose diagrams, b) fracture length, c) linear fracture intensity and d) fracture spacing for each outcrop and scanline studied in the sampling area A1. Red lines in the rose diagrams – scanlines, O – outcrop, n – number of fractures.
A total of 5 outcrops spread around fracture sampling area 2 (A2) were selected to collect fracture information. One to three scanlines at an angle to each other were used in each outcrop. The main fracture directions are N-S and E-W, and the minor directions are NE-SW and NW-SE (Figure A2). The fractures have a length of 0.08 to 5 m (Figure A2). This sampling area is characterized by a linear fracture intensity varying between 1.11 and 4.89 m-1 (Figure A2), with fractures spaced by 0.10 to 0.41 m after application of Terzaghi correction (Figure A2).

[image: Chart, radar chart

Description automatically generated]
Figure A2. a) Rose diagrams, b) fracture length, c) linear fracture intensity and d) fracture spacing for each outcrop and scanline studied in the sampling area A2. Red lines in the rose diagrams – scanlines, O – outcrop, n – number of fractures.
Eight outcrops were surveyed in sampling area 3 (A3) by one to four scanlines deployed at an angle to each other. The main fracture direction is E-W, and the minor di-rection is NW-SE, with scattered fractures with orientation N-S and NE-SW (Figure A3). The length of the fractures varies between 0.2 and 12 m (Figure A3), the linear density between 0.48 and 3.54 m-1 (Figure A3) and the spacing between fractures from 0.001 to 3.46 m after correction (Figure A3).
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Figure A3. a) Rose diagrams, b) fracture length, c) linear fracture intensity and d) fracture spacing for each outcrop and scanline studied in the sampling area A3. Red lines in the rose diagrams – scanlines, O – outcrop, n – number of fractures.
The fractures in sampling area 4 (A4) were collected in 3 outcrops and 1 to 4 scan-lines positioned at an angle with each other were used. The main fracture direction identified is E-W and NE-SW, with scattered fractures in the direction N-S and NW-SE (Figure A4). The fractures have a minimum length of 0.56 m to a maximum length of 27.78 m (Figure A4), the linear intensity is analyzed to range between 0.29 and 2.22 m-1 (Figure A4) and the spacing between 0.05 and 5.46 m, after application of Terzaghi correction (Figure A4).
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Figure A4. a) Rose diagrams, b) fracture length, c) linear fracture intensity and d) fracture spacing for each outcrop and scanline studied in the sampling area A4. Red lines in the rose diagrams – scanlines, O – outcrop, n – number of fractures.
Three outcrops were surveyed in sampling area 5 (A5), and one to two scanlines were used to collect fracture information in this sampling area. The scanlines were displaced at an angle to each other. The main fracture direction is N-S and NE-SW with scattered fractures in the direction E-W and NW-SE (Figure A5). The length of the fractures in the outcrops analyzed varies between 0.38 and 10 m (Figure A5). The line-ar fracture intensity is found to range between 1.55 and 1.77 m-1 (Figure A5), with a corrected fracture spacing varying between 0.07 and 1.60 m (Figure A5).
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Figure A5. a) Rose diagrams, b) fracture length, c) linear fracture intensity and d) fracture spacing for each outcrop and scanline studied in the sampling area A5. Red lines in the rose diagrams – scanlines, O – outcrop, n – number of fractures.

Appendix B
An important step in DFN modeling is the determination of the geometric parameters (i.e., orientation distribution, length distribution, frequency distribution, spacing distribution and aperture distribution) of individual fractures. These parameters serve as the foundation for the simulation.
1.1. Orientation distribution
Fisher (Eq. B2a; Borradaile, 2003), von Mises (Eq. B2b; Borradaile, 2003; Chabani et al., 2020) and mixture of von Mises (Eq. B2c; Chabani et al., 2020) distributions were applied to describe fracture orientation:
									(B1a)
		(B1b)
									(B1c)
where k (radians) is a concentration parameter that equals the variance (σ2) of the distribution, μ (radians) is the circular mean (0 ≤ μ < 2π) and a (radians) is the azimuth. I0 (-) is the modified Bessel function of the first kind and order zero and w (-) is the weight of each component h.
1.2. Length/size distribution
The fracture size can follow negative exponential, lognormal, or power-law distributions. The PDF of an exponential distribution is given by (e.g., Zeeb et al., 2013b):
									(B2) 
where l (m) is the fracture length and μlength (m) is the mean length.
The PDF of the lognormal distribution is (e.g., Zeeb et al., 2013):
									(B3) 
where erf is the error function and σlength (m) is the standard deviation.
Of these, the power-law function is widely used to describe the trace length of natural fractures (e.g., Renshaw, 1999; Gutierrez and Youn, 2015; Lei et al., 2017; Toth et al., 2022):
										(B4a) 
or,
											(B4b) 
where N(l) (-) is the number of fractures and c and D are the parameters of the distribution function. The parameter c is equal to:
											(B4c) 
One characteristic of the power-law distribution is that the number of small fractures is significantly larger than the number of longer fractures.
1.3. Frequency distribution
Liner fracture intensity (P10; m-1) is defined as the number of fracture intersections per unit length (Zeeb et al., 2013):
												(B5)
where N (-) is the number of fracture intersections and L (m) is the scanline length. In instances where the first and last fracture do not match the start and end of the scanline, the unmeasured spacing needs to be removed (Sanderson and Peacock, 2019):
											(B6)
where di (m) is the distance measured from the first fracture d1 to the last dN.
Areal fracture density (P20; m-2) correspond to the number of fractures per unit area (Zeeb et al., 2013b):
												(B7)
where A (m2) is the area of observation.
1.4. Spacing distribution
Terzaghi correction was applied since the fractures sampled were not at right angles with the scanline and that influences the fracture spacing (Zeeb et al., 2013b):
									(B8) 
where a’ (º) is the orientation of the scanline.
Once the spacing is corrected, the mean fracture spacing can be evaluated as (Sanderson and Peacock, 2019):
												(B9) 
where S (m) is the mean spacing. Spacing and intensity are related as (Zeeb et al., 2013b):
												(B10) 
The spacing parameter is often described by the coefficient of variation (e.g., Gillespie et al., 1993; Sanderson and Peacock, 2019):
											(B11) 
where CV (-) is the coefficient of variation and σspacing (m) and μspacing (m) are the standard deviation and mean spacing, respectively. The coefficient of variation provides an indication of the fracture distribution and clustering (Table B1).
Table B1. Distribution and clustering of fractures according to the coefficient of variation (e.g., Gillespie et al., 1993; Manzocchi, 2002).
	Coefficient of variation
	Distribution
	Clustering

	CV = 0
	Uniformly spaced fractures
	Anticlustered fractures

	CV < 1
	More regularly space fractures with a normal or log-normal distribution of spacing
	Anticlustered fractures

	CV = 1
	Randomly distributed fractures with negative exponential spacing distribution
	Uniformly clustered fractures

	CV > 1
	More irregularly spaced fractures with power-law distribution
	Density- or orientation-clustered fractures


1.5. Aperture distribution
The aperture (w; m) of the fractures evaluated on the outcrops can follow lognormal or power-law distributions. Both were applied to the data to evaluate which has the best fit:
								(B12a) 
										(B12b) 


Appendix C
For each geometric parameter, several probability distribution functions (PDFs) were applied to assess which provides the best-fit to the data sampled. Statistical tests such as the root mean squared error (RMSE; Eq. (C1a)) and the sum of squared errors (SSE; Eq. (C1b)) were used to evaluate the goodness of the fit (e.g., Zeeb et al., 2013b):
										(C1a)
										(C1b)
where O is the sampled/observed value and P is the estimated/predicted value. 
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