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Motivation: Fault shearing across gas storage wells during a seismic event could lead to 

substantial safety, environmental, and economic consequences (e.g., via gas leaks). Thus, it is 

important to estimate the probability of failure of gas storage wells due to fault shearing. To 

calculate the probability of failure, the framework of the performance-based earthquake 

engineering has been widely applied to civil infrastructure. Using such a framework, fragility of 

gas storage wells is studied to estimate the failure probability of gas storage wells under 

different earthquake scenarios. 

Objectives: The objectives of this study are to understand: 

(i) what parameters of the well and its surrounding subsurface formations control the

development of plastic shear strain (i.e., well damage) in the well casing and tubing

during fault shearing, and

(ii) how the development of plastic shear strain is related to the probability of failure of

the well casing and tubing during fault shearing.

Methodology: Numerical simulations were carried out with the commercial software, FLAC3D, 

to model the fault shearing across a gas storage well. Typical gas storage well geometry was 

defined from a statistical analysis of well configuration data available at the California Geologic 

Energy Management Division (CalGEM) online repository. Three predominant well 

configurations (i.e., “well modes”) in California were defined. To take into account the model 

uncertainties, a total of 28 parameters and their influence on the development of plastic shear 

strain in the well casing and tubing were considered. The values of these parameters were varied 

by a multiple of their standard deviations to carry out a parameter sensitivity study, which 

addresses the objective (i) stated above. The objective (ii) was then addressed through well 

fragility simulations, in which various fault displacement-plastic shear strain curves were 

generated by varying the values of the critical parameters identified in the sensitivity study. 

These curves were then used to obtain the damage models through the performance-based 

earthquake engineering risk framework. The risk framework was also used to develop failure 

probability models by using the data for casing and tubing rupture available in the literature. 

The damage and failure probability are abstracted into fragility functions of the well against 

fault shearing. 
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Results: With regard to the objective (i), it was found that the top two critical parameters were 

the fault angle and the fault core width for all the well modes considered in this study. For 

example, these two parameters accounted for at least 70% and 80% of the total sensitivity of the 

well casing and tubing, respectively. In situations where the cement was not present in the well 

annulus, it was found that the fault angle alone accounted for over 95% of the total sensitivity 

for both casing and tubing. With regard to the objective (ii), damage models were developed for 

the casing and tubing of each well mode. Below is the one for the tubing in the case of no 

cement in the annulus.  

ln(𝛾𝑡𝑢𝑏𝑖𝑛𝑔) = 𝑏0 + 𝑏1𝜃 + 𝑏2𝜃
2+ 𝑏3⁡(𝐹𝐷) + 𝑏4(𝐹𝐷)
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where ln(𝛾𝑡𝑢𝑏𝑖𝑛𝑔) is the mean shear strain on the tubing (fractional strains), 𝜃 is the fault

intersection angle with the well (degree), 𝐹𝐷 is the fault displacement (m), and 𝑏0, 𝑏1, 𝑏2, 𝑏3, 𝑏4
are the model coefficients. The failure probability models were also developed as shown in Fig. 

1 as a function of plastic shear strain in the casing and tubing. 

Fig. 1. Probability of Failure for Well Casing and Tubing due to Fault Offset 

Conclusions: Using the damage and failure probability models for the casing and tubing 

developed above, it is estimated that most well casing and tubing would fail at the fault 

displacement of over half a meter, which seems relatively modest for a strong earthquake. 

Hence, the wells intersected by faults that are expected to displace by more than such a distance 

would require safety measures that can prevent unexpected gas flow into the atmosphere. More 

precise failure probability estimates for different wells in California are available through 

OpenSRA for different earthquake scenarios. 
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