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Parameters Value Units
Number of nodes 85 -
Number of elements 20 -
Tensile strength of material 3 MPa
Elasticity Modulus 30 GPa
Poison's ratio 0.18 -
Density 2500 kg/m3
Thickness 1 m
Fracture Energy 400 N/m
Compressive strength 42.8 MPa
Strain in peak strength 0.0014 -
Yield stress 40 MPa

Failure ratios (rg; 2 rs.)

1.16; 0.07; 1.29 -
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Keywords Summary

Numerical Modeling The injection or extraction of gas can change the pore pressure within the reservoir,
Caprock Integrity which in turn results in redistribution of the stress field. Consequently, the induced
Smeared Crack

deformations within the reservoir and the sealing caprock can potentially prompt a
damage zone in the caprock. These events may cause considerably leakage of the fluid
into the surrounding geological formations, shallow aquifers or ground surface. Therefore, when evaluating the suitability
of a reservoir for gas storage, it is important to assess the mechanisms of failure that may take place in the caprock. The
main objective of this paper is to develop a model to estimate the growth and extension of cracks in the caprock.

Flow of Fluid into the Crack

Introduction

There are a great number of studies investigating the caprock integrity from different perspectives such as rock-fluid
interactions, geomechanical failure, induced seismicity fault slip and elasto-plastic model. Summary of the research
activities in the area of caprock integrity has been provided in a number of review papers. Among all parameters
influencing the hydro-mechanical integrity of caprocks, a number of studies have highlighted the importance of crack
growth and extension on sealing performance of the caprock. Despite a long history of studies on crack initiation and
propagation in rock mechanics, especially in the area of hydraulic fracturing, it remains a challenging topic where there
is no consensus on an optimized unified approach and different mechanisms and methodologies have been employed.

Methodology and Approaches

To analyze the initiation and propagation of cracks in structural problems, numerical studies such as finite element and
boundary element methods have been frequently used. There are generally three approaches in solid mechanics when
modelling cracks: discrete crack, interface elements and smeared crack. Although, discrete crack approach reflects the
fracture development phenomenon most closely, it does not fit the nature of numerical methods and it can
computationally expensive with development of cracks, each node is replaced by more nodes, which entails re-definition
of finite element mesh and hence more computational resources are needed. On the otherhand, smeared crack approach
assumes that the cracked solid is a continuum and permits the description of the medium in terms of conventional stress-
strain equations. Smeared crack approach can model the crack development in any direction and it is independent of
finite element discretization. In this study, a special finite element program is developed based on the smeared crack

technique.

Results and Conclusions

As one of the important innovations of this paper, the study of the effect of fluid pressure on the smeared crack
propagation has been done, which is based on coding in FORTRAN programming environment. Due to the results
obtained by the flow of fluid into the crack, the crack opening increased significantly.






