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Figure 2 (a): Induced volumetric strain around the borehole in  (b): Breakout shape
different azimuth angles with regard to failure strain cut-off line

of gas (Espinoza et al., 2015a; Liu & Harpalani, 2014), and the associated matrix
shrinkage. The excessive deviatoric stress along the borehole can lead to borehole
break-out and sand production issues which must be taken into account during field
development plans (Espinoza et al., 2015b; Fan & Liu, 2018).
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Results

Worst azimuths

Due to the high complexity of the nature of coal (e.g., dual porosity, anisotropy,
heterogeneity) and the complicated interactive process of gas-desorption and Effect of borehole azimuth angle on coal permeability Stable azimuths
associated strain and stress transformations, a robust model coupling all these 0
primary factors is crucial to investigate the permeability change and borehole
stability issues.
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Based on the simulation results, drilling along the minimum horizontal stress led to a | Azimuth angle ld_Eg] |
significant increase in directional fracture permeability ratio up to 40 times near the Figure 5: Borehole breakout width versus borehole azimuth angle
borehole. In contrast, drilling along the maximum horizontal stress results in a

permeability ratio of up to 20 times, about half of drilling along minimum horizontal Conclusions

Method and objective stress. Figure 3 compares the effect of all simulateq borehple azimuth angles on the () Changing the azimuth from the maximum horizontal stress direction to the
directional permeability ratios. The results show that increasing borehole azimuth angle minimum horizontal stress direction results in an increase in fracture permeability

Therefore, a dual-porosity and permeability model is considered for the coupled gas from zero to 90 leads to an increase in fracture permeability ratios from around 20 atios from around 20 to 40. The effect on the matrix bermeability ratio is similar

flow and coal deformation Finite Element numerical model (Figure 1). The numerical times up to approximately 40 times in both x and y directions (Figures 3 and 4). o ut with . S ' P y

model can integrate different processes, including gas flow and deformation in Ut WIth a much smatier ratio.

matrices and coal cleats, gas desorption from coal matrices, and directional fracture | . . . (i) The impact of the drilling azimuth on borehole break-out width, which is a major
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301, Ai:mﬂth 223;:30 indicator of borehole instability, is also evident. By quantifying break-out width in

25(| + Azimuth angle = 45 different cases, the least favorable drilling direction window is at an azimuth angle
Azimuth angle = 60 between 75° and 90°. A drilling azimuth window between 0° and 60° results in a
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permeability response to both effective stress and desorption-induced matrix
shrinkage. Mohr-Coulomb failure criterion is assigned to the numerical formulation to
Investigate the break-out shapes and associated induced volumetric strain regarding
different in-situ stress regimes around the horizontal CSG well for the stability
analysis stage (Figure 2).

This study conducted a suite of simulation scenarios to investigate the impact of
different drilling azimuths on the borehole instability and matrix and fracture
permeability for optimizing horizontal CSG borehole orientation. A fully coupled dual
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(i) Taking both permeability variation and the risk of borehole instability, for the
studied coal seam, the optimal drilling azimuth window is recommended to be

10

Fracture Permeability Ratio (Y

Fracture Permeability Ratio (X
direction)

porosity-dual permeability model was implemented in COMSOL Multiphysics Finite S, - ol | between 45—-60°. The angle is site-specific and varies depending on the strength
Element software. The input parameters of the model were derived from the , 0 R ! Sorchole Quarter Arc lenth (1) of the coal seam.
geomechanical and reservoir parameters of the Goonyella Middle Seam of Bowen Borehole Quarter Arc length (m)
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