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Motivation: When assessing seismic risk of underground gas storage (UGS) facilities, caprock 
integrity is an important component. A seismogenic slip of a fault zone through a caprock could 
increase its permeability therefore creating a damage zone within the caprock. This damage zone 
could serve as a potential leakage pathway for gas to migrate upward out of the storage reservoir. 
Consequences of gas leakage include gas loss and negative environmental impacts. As such, 
developing a tool for stakeholders to assess such a risk is important in UGS risk assessment. 

Objectives: The goal of this project is to develop fragility curves to assess the probability of 
stored gas from UGS reservoirs (in California) leaking along a fault due to its seismic slip. This 
research was then implemented into an open-source seismic risk assessment tool, OpenSRA.  

Methodology: The relationship between fault shear displacement and the permeability of the 
damage zone and the relationship between the permeability and the size of the damage zone and 
leakage rate were explored within this study. The methodologies involve the following steps: 

1. Survey literature for a relationship between fault shear displacement and the permeability of 
the damage zone; 

2. Survey literature for a relationship between fault shear displacement and the size of the 
damage zone; 

3. Characterize reservoir pressures in UGS facilities close to Quaternary faults; 

4. Identify the reservoir with the highest pressures relative to hydrostatic overpressured UGS 
reservoirs in California and use its basic characteristics to develop a numerical model with an 
assumed potential fault zone going through the caprock to calculate leakage;  

5. Perform a Monte Carlo simulation of gas leak out of the reservoir due to a fault zone rupture 
through the caprock considering both shear displacement and other uncertain parameters; and  

6. Develop leakage probability (fragility) curves from the suite of simulation results. 

Results:  

The first relationship was estimated within relatively broad limits based on field observations 
and empirical fault-scaling relations: 

• The upper limit for an enhanced fractured rock permeability of the fault damage zone is 1E-14 
m2 at the depth of a gas storage facility. 

• The width (W) of the zone of 1E-14 m2 enhanced permeability increases with the size of shear 
slip (Dslip) according to W = Dslip. 



 2 

• The length of the fault rupture (L) and the length of the zone of enhanced permeability 
increases with shear slip according to L = Dslip x 10,000.  

The results for the second component were based on numerical simulations: 

• In the case of a reservoir with storage pressure higher than the overlying water pressure, 
upward gas release only occurs if a seismic slip substantially increases the transmissivity of a 
fault crossing the caprock. 

• The main parameters that affect the damage measure (cumulative leak at a future time) are the 
permeability of the damage zone and the amount of storage reservoir overpressure. 

• For the models studied, most tested parameters do not show significant influence on the 
probability of leakage for caprocks. 

Conclusions: Gas leakage from a UGS reservoir is only possible if the UGS reservoir is 
overpressured. The probability of gas leakage through a fault zone due to a seismogenic slip is 
constant, i.e., not much affected by the parameters considered in this study. 

Future directions/References: Further research is needed to understand how transmissivity 
along faults is changed by a seismic slip and evolves following such event, and how this may 
vary from one site to another depending on the local host rock properties. 
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