
December 12, 2016 

Ken Harris, PG 

State Oil & Gas Supervisor 

California Department of Oil, Gas & Geothermal Resources 

801 K Street, MS 18-05 

Sacramento, CA 95814 

Re: Seismic Hazards at Aliso Canyon 

Dear Mr. Harris, 

This letter is in response to your request for the Lab Team’s consideration of the seismic hazards and 

risks at the Aliso Canyon Gas Storage facility. We have been provided Supplement #2 to Southern 

California Gas’ Storage Risk Management Plan, which addresses geologic and geotechnical hazards. 

SoCalGas’ Supplement #2 correctly points out the fact that Aliso Canyon exists in an area with a high 

probability of a significant earthquake in the next 50 years. The extensive faulting of the region and the 

hazards at Aliso Canyon, which are endemic to the wider San Fernando Valley, are well known and 

documented by the USGS and others.  

Given the Santa Susana fault system transects the Aliso Canyon wells and the existence of other nearby 

faults, a risk exists from ground shaking and direct shearing/deformation of well casings. The hazards 

from ground shaking can be determined through accepted methodologies, such as performing 

quantitative probabilistic seismic hazard analysis (PSHA). Similar to ground shaking, methods exist for 

the description of probabilistic fault displacement analysis (PFDA).  

The methodology for translating a probabilistic seismic shaking hazard into a risk through structural 

analysis of buildings and surface infrastructure follows well known processes. However, in our review of 

published literature and in discussions with hazard and risk practitioners, we have not yet identified a 

formal seismic risk assessment process specific to oil and gas wells. The richest body of supporting 

science for assessment of impacts of fault slippage on wells can be found in the oil and gas industry’s 

analysis of formation compaction, which considers deformation of casing induced by formation strains. 

The work of Abou-Sayed et al., (2004) and Dusseault et al., (1998) analyze casing strain as a result of 

formation deformation. The South Belridge Field near Bakersfield, California has undergone significant 

compaction and has a high percentage of wells that have failed from casing deformation. Detailed 

elasto-plastic geomechanical finite element modeling was used by Hilbert Jr. et al., (1999) to understand 

the complex interaction between the engineered casing-cement system and the surrounding rock at 

Belridge Field.  

In our review of Supplement #2, we highlight two additional considerations for hazard assessment. The 

first consideration concerns Section 2.2.2.1 - The Santa Susana Fault, where the U. S. Geological Survey 

2009 PSHA online model has been utilized to broadly look at risks in the greater San Fernando Valley. 

The last sentence states, “further scrutiny of this modeled probability may be warranted.” We concur 

with this statement and believe a more granular review of the site-specific ground shaking hazard 

associated with the Santa Susana fault system will provide better insight into the seismic hazard at Aliso 

Canyon.  

Our second consideration is in regards to damage to wells caused by fault slippage. Supplement #2 

notes in section 2.2.1.3 – Well and Caprock Integrity that data are being collected for use in a 

geomechanical study of fault strength. It goes on to state that “An investigation of potential fault 
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slippage under fluid injection conditions at Aliso Canyon may be warranted to determine criticality.”  We 

concur and believe that a PFDA conducted for the faults transecting the Aliso Canyon wells will better 

inform the level of hazard to consider. 

Following the two considerations above (performing a refined PSHA and PFDA) will provide a more 

detailed understanding of the seismic hazards at Aliso Canyon. We believe that Southern California Gas 

should then undertake the next step of using the improved knowledge of the hazards to consider the 

risks to subsurface infrastructure. Consultants with expertise in quantitative risk assessment of wellbore 

systems should be engaged in carrying out a detailed analysis of formation-wellbore interaction under 

seismic loading. A risk assessment should incorporate the designs of the wells being used at Aliso 

Canyon. We would like to emphasize that this type of study is not commonly undertaken and to our 

knowledge there is no industry wide accepted methodology or design standard for seismic risk to 

wellbores. Supplement #2 Section 3.3.7  ‘Withdrawal from Tubing String Only’ indicates that operation 

through tubing/packer improves the resiliency of the wellbore. We concur that this is a reasonable 

assumption, but believe that detailed structural analysis of the Aliso Canyon wellbore designs 

incorporating the results from a PSHA and a PFDA of the Santa Susana Fault System will better inform 

the risk management process for operation of Aliso Canyon.  

Supplement #2 Section 3.3: ‘Mitigation Measures for Geologic and Geotechnical Hazards’ details 

Southern California Gas’ activities to address geotechnical hazards. As such, we do not believe that the 

recommended detailed seismic studies require immediate action, but they should be planned and 

executed in a deliberate manner. The recommended seismic risk analysis can be incorporated into a 

continuous improvement process for risk management at Aliso Canyon and inform future risk mitigation 

activities. We envision a two-step process where the initial step will be to perform a PSHA and PFDA 

focused on the Santa Susana fault system at Aliso Canyon. Once the hazard analysis has been 

completed, the severity of the hazards can then be used to develop a detailed work plan for risk 

evaluation. 
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Sincerely, 

 

 

Barry M. Freifeld  

 

William Foxall 

Lawrence Berkeley National 

Laboratory 

 

Douglas A. Blankenship 

 

Steve Bauer 

Sandia National Laboratory 
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Lawrence Livermore National 
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