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Abstract

Conductivity is a key parameter to measure the effect of acid fracturing in carbonate rocks, and its
stability and durability directly affect the transformation effect of deep, high-temperature and high-
pressure carbonate reservoirs. However, it is difficult to accurately predict the flow-conducting ca-
pacity of acid fracture due to the coupling of multiple factors, such as rock mechanical properties,
mineral composition and reservoir space characteristics. For this reason, this paper constructs a
multifactor coupled acid-etched fracture flow capacity prediction model based on fractal theory,
combining experimental measurement and mathematical modelling. The results show that perme-
ability is the main controlling factor, and an increase in permeability can significantly increase the
flow capacity (40%~136%), which is much higher than other parameters. Mineral composition also
plays a key role, as the increase of calcite and dolomite content can enhance the flow conductivity
(5.30%~23.90%), while the increase of non-carbonate rock mineral content leads to the decrease
of flow conductivity (8.5%~15.2%). In addition, Young’s modulus was positively correlated with the
hydraulic conductivity, with each increase of 10 GPa enhancing it by 1%~52%, while Poisson’s ratio
was negatively correlated, with each increase of 0.02 decreasing hydraulic conductivity by 1%~5%.
In contrast, the effect of porosity is relatively small, with only about 1% enhancement per 1% in-
crease. This study provides theoretical support for the accurate prediction of the flow conductivity
of acid-etched fractures, which can provide an important reference for the optimization of acid pres-
sure construction.
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Figure 1. Sample after rock fragmentation (left) and X-ray diffraction analyzer (right)
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Figure 2. Gas porosity meter (left) and gas permeability meter (right)
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Table 1. X-ray diffraction experiment results
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Figure 3. X-ray diffraction experiment results
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Table 2. Experimental results of pore permeability measurement
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Figure 4. Double logarithmic correlation chart of porosity and permeability
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Figure 5. Brazilian splitting method experimental instrument
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Figure 6. Rock plate diagram after splitting and acid etching
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Figure 7. New 3D optical scanner and schematic diagram
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Figure 8. Digitized results of rock plate fracture surface after acid etching
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Figure 9. Correlation between fractal dimension and spatial curvature in double logarithmic coordinates
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Figure 10. Influence of mineral composition content on flow capacity
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Figure 11. Influence of porosity on flow conductivity under different closure stresses
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Figure 12. Influence of permeability on diversion capacity under different closure stresses
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Figure 13. Influence of Young’s modulus on flow capacity under different closure stresses
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Figure 14. Influence of Poisson’s ratio on diversion capacity under different closure stresses
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