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Introduction

The fluid transport in fractures has important applications in 
geosciences：

• Geothermal energy extraction 

• Hazardous waste disposal

• Sequestration of greenhouse gases

• Enhanced oil recovery
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Introduction

Previous modeling methods have shortcomings.

• Ignoring or underestimating important parameters

• Mass calculation

• Purpose

A new modeling approach for fluid transport between rough surfaces is 
presented in this paper, which addresses all shortcomings the previous 
modeling methods.
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Methodology
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The current model: (a) locations defined for fracture discretization; (b) cells defined for flow in the y-direction; (c) cells defined 

for flow in the x-direction



Methodology
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∆𝑝：pressure drop
𝑣：flow velocity (m/s) 

The schematic of the stagnation-point flow
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COMSOLTM Current model

Comparison of permeability values predicted using COMSOL™
package and the current model.

Colormaps of velocity distributions in the y (top) and x 

(bottom) directions predicted using COMSOL™ (left) and the 

current model (right) for case M1.1. 



Methodology

8

JRC = 60.32 Z2 － 4.5

JRC：joint roughness coefficient

Z2 ： the root mean square of the first derivative of the profile

the correlation between the JRC and Z2

parameter is the strongest and has form：



Methodology
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Two sample surfaces reproduced by the compound model; (a) JRC = 1; (b) JRC = 10



Result
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𝑘 =
𝑒𝑚
2
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𝑘：permeability of a fracture

𝑒𝑚：aperture height (mechanical aperture)

𝑘 =
𝑒ℎ
2
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𝑘：permeability of a rough fracture

𝑒ℎ：hydraulic aperture

𝑒ℎ =
𝑒𝑚
2

𝐽𝑅𝐶2.5

mechanical aperture：Vertical distance between inner walls 

of joint planes

hydraulic aperture ：The equivalent inner width of a parallel 

plate passing a certain flow under a certain stress



Result
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Correlation between the JRC and permeability ratio in different aperture 

sizes for exactly matched surfaces. In each case, 100 different samples 

are reproduced and the resulting ranges are shown.



Result－Translated surfaces 
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The effect of translation of the surfaces for different JRC values (aperture size of 0.1 mm); 

(a) translation to aperture ratio of 0–5; (b) translation to aperture ratio of 10–40; (c) 

translation to aperture ratio of 80–160.

The effect of aperture size in different translations for JRC value of 10. 



Result－
Independent surfaces
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1. For large apertures, the cubic law can predict the average 

permeability with an acceptable accuracy.

2. For small aperture sizes and moderate to high JRCs, the 

cubic law underestimates the permeability up to 2 orders of 

magnitude.

3. The JRC effect is significantly controlled by the aperture 

size. Correlation between the JRC and permeability ratio for different 

aperture sizes with independent surfaces.



Result－Sample size effect
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The average and standard deviations of permeability ratios for 1000 samples with an aperture size of 0.1 mm and independent surfaces.



Result－Sample size effect
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First sample Second  sample

Sample size：2.5×2.5 𝑐𝑚2

Sample size：25×25 𝑐𝑚2

Histograms of apparent height distributions of one side of samples with an aperture size of 0.1 mm and a JRC value of 10 for independent surfaces; (a) 

sample size 2.5 × 2.5 cm2 , first sample; (b) sample size 2.5 × 2.5 cm2 , second sample; (c) sample size 25 × 25 cm2 , first sample; (d) sample size 25 

× 25 cm2 , second sample.



Result－Contact area
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Contact area percentages of 100 samples with different aperture sizes and JRC values 

for independent surfaces.



Conclusion

• Even a translation of 62.5 µm for an aperture size of 0.1 mm has a 
noticeable effect on the permeability range.

• For large aperture sizes, the cubic law can predict the permeability with a 
reasonable accuracy.

• While for small aperture sizes and moderate to high JRC values, the cubic 
law underestimates the permeability up to 2 orders of magnitude.

• The aperture estimation error could be considerably increased for larger 
sample sizes.
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Thank you for your attention
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