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Motivation: Earthquakes directly impact the safety and reliability of gas storage and transmission
systems. Current risk studies performed by gas utilities are derived from risk scoring that is highly
subjective and qualitative. One of the main concerns of current risk assessment practices is the
inaccuracy introduced by subjectivity, lack of data, and poorly defined demand models. To
improve the reliability of the risk assessments, uncertainties need to be reduced with quantitative
data. This project quantifies and reduces the uncertainties associated with typical risk assessment
by defining demand models for different levels of data (e.g., more data reduces uncertainty). This
project’s research also expands the knowledge of the seismic capacity, or fragility, of gas
infrastructure.

The methodical and rational approach implemented in OpenSRA and applied to mitigation
increases safety. System-wide fragilities and prioritization of mitigation will provide greater
reliability of the overall system. Mitigation decisions based on robust quantitative data can be
directed to focus efforts, resulting in effective disbursement and lower overall costs. Vulnerable
system components can be repaired or strengthened before failure, avoiding adverse environmental
impacts, and supporting public health and energy security.

Objectives: The overall goal of the OpenSRA Project is to create an open-source research-based
seismic risk assessment tool for gas infrastructure that can be used by utility stakeholders to better
understand state-wide risks, prioritize mitigation, plan new gas infrastructure, and help focus post-
earthquake repair work. OpenSRA has been developed to enable system regulators and operators
to strategically address challenges posed by the risk from earthquakes and to prioritize reliably the
most impactful seismic retrofits for the gas infrastructure in California.

Methodology: Within the development process, research task groups estimated the various
probabilities required within the PBEE framework of Moehle and Deierlein (2004). The seismic
demands that were assessed included ground shaking, fault displacement, liquefaction-induced
lateral spreading, liquefaction-induced settlement, and seismic-induced landsliding. The
components of the gas infrastructure that were considered were wells and caprocks, aboveground
infrastructure, and buried pipelines. The seismic demands (such as ground shaking or displacement
due to an earthquake) and seismic capacities (fragilities) were then implemented into the open-
source software OpenSRA to help regulators and utility owners calculate the probability of failure
occurring in their system.

Results: Improved models of earthquake-induced ground failure hazards (i.e., liquefaction-
induced lateral spreading and earthquake shaking-induced landslides) were developed to better
capture these hazards at different analysis scales. The uncertainty assigned to the ground failure
hazard models at different scales is consistent with the information available in California at the
state-wide, regional, and site-specific levels.



Experiments of pipe components and subsystems provided critical insights into their seismic
performance. Advanced analysis of gas storage wells identified key response characteristics and
insights into their seismic performance. New sensing technologies were identified and reviewed
which can inform the risk models at the input, intermediate, and final output stages. Validation of
the models and software was conducted at four demonstration sites, and analysis results correlated
well with documented observations after specific earthquakes (Bain et al., 2024).

Conclusions: The primary result of this project is the OpenSRA software. It is available to the
public through the PEER website (https://peer.berkeley.edu/opensra). The OpenSRA software
addresses several of the concerns associated with the ad hoc way current seismic risk assessments
of gas pipelines and storage facilities are performed.
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