
Research & 
Innovation Center

Science & Engineering To Power Our Future

Developing a National Structural Complexity Database for U.S. Saline Basins

References:
Justman, D., Creason, C. G., Rose, K., & Bauer, J. (2020). A knowledge-data framework and 
geospatial fuzzy logic-based approach to model and predict structural complexity. Journal 
of Structural Geology, 141, 104153. https://doi.org/10.1016/j.jsg.2020.104153 
Peacock, David & Dimmen, Vilde & Rotevatn, Atle & Sanderson, David. (2017). A broader 
classification of damage zones. Journal of Structural Geology. 102. 
10.1016/j.jsg.2017.08.004.

Disclaimer:
This project was funded by the United States Department of Energy, National Energy Technology Laboratory, in part, through a site support contract. Neither the United 
States Government nor any agency thereof, nor any of their employees, nor the support contractor, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its 
use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.

Acknowledgement:
This work was performed in support of the U.S. Department of Energy’s Fossil Energy and Carbon Management’s 
Geo-Analysis and Monitoring Team and was developed jointly through the U.S. DOE Office of Fossil Energy and 
Carbon Management’s EDX4CCS Project, in part, from the Bipartisan Infrastructure Law. This research was 
supported in part by an appointment to the U.S. Department of Energy (DOE) Postgraduate Research Program at 
the National Energy Technology Laboratory (NETL) administered by the Oak Ridge Institute for Science and 
Education (ORISE).

Daniel Amrine3,4; Devin Justman1,2; Christopher G. Creason1,5,6; Scott Pantaleone1,2; Andrew Gordon4;  Kelly Rose1

1National Energy Technology Laboratory, 1450 Queen Avenue SW, Albany, OR 97321, USA; 2NETL Support Contractor, 1450 Queen Avenue SW, Albany, OR 97321, USA; 3National Energy Technology Laboratory, 3610 Collins Ferry 
Road, Morgantown, WV 26505, USA; 4NETL Support Contractor, 3610 Collins Ferry Road, Morgantown, WV 26505, USA; 5Oak Ridge Institute for Science and Education, P.O. Box 117, 1450 Queen Avenue SW, Albany, OR 97321, USA; 
6College of Earth, Ocean, and Atmospheric Sciences Oregon State University, Corvallis, OR, USA

Williston Basin

Denver Basin

Permian Basin

Gulf of Mexico

Illinois Basin

Michigan Basin

Appalachian 
Basin

National Structural Complexity 
Database

Objective:
• Produce structural complexity (SC) estimates 

within deep saline basins based on known and 
inferred structural elements (e.g., faults, 
fractures, etc.) for use in risk models and 
decision making for current and future carbon 
storage projects.

Problem:
• Lack of information to better understand the 

influence structural complexity will have on 
long-term carbon storage security. No 
comprehensive database exists to assess 
potential subsurface CO2 storage and migration 
pathway hazards.

Methods:
• Produce datasets for selected saline basins 

representing:
 Existing, known SC (currently completed)
 Predicted potential unknown SC

• Leverage fuzzy logic-based method outlined in 
Justman et al. (2020)

• Assemble and integrate results into a unified 
database for use in carbon storage-based 
assessments

Ultimate Product:
• A series of raster-based datasets organized by 

basin
• A database of structural complexity estimates 

for selected deep saline basins hosted on the 
EDX DisCO2ver platform

• Including key metadata
 Data catalog
 ReadMe file explaining SC analyses and 

results
 Source datasets used for analyses

• Available on EDX DisCO2ver Platform in 
March 2024

Current Status:
• Selected seven candidate saline basins for 

analysis
• Developed 151 datasets representing known 

structural complexity
• Developed processing tools to streamline and 

rapidly iterate outputs as needed

Next steps:
• Develop tools and workflows to predict 

structural complexity
• Opportunities to assist stakeholders with the 

identification of CCS hazards and data gaps 
that may require additional future work

Ultimate Value: Providing information about 
areas with limited or poor-quality structural 
complexity data for carbon storage resource 
and feasibility assessments.

Workflow:

Predicting Structural Complexity

Modeling Known Structural 
Complexity

Peacock et al., (2017)

Justman et al., (2022)
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