
Presentation to

Julia Mulhern

NETL Support Contractor

2024 Geological Society of 
America Annual Meeting

Sept. 22, 2024

New Matrix Framework to Determine 
Carbon Storage Technical Viability

NETL CSIL evaluation with Great Plains Institute Carbon and Hydrogen Hubs overlain 

Data Available

1 – 14 %

29 – 43 %

57 – 71 %

71 – 84 %

44 – 56 %

15 – 28 %

0 %



Disclaimer

2

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.
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A Comprehensive Perspective Needed for Viable GCS 

GCS systems include environmental, 

social, socio-economic, and regulatory 

considerations in addition to the 

subsurface.
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Matrix Development:

1. Review and compile 

previous carbon 

storage assessment 

frameworks

2. Integrate existing 

frameworks together 

and add missing 

components/categories

3. Review, test, and 

improve framework by 

incorporating feedback 

and expert review

Motivation: 

• Need data to inform 

CO2 storage resource 

assessments 

• Carbon storage 

technical viability 

determined by more 
than geological factors:

• Environmental

• Socio-economic

• Infrastructure 

What information is needed for carbon storage?

Matrix Development for Carbon Storage Data

Matrix is an integrated, comprehensive knowledge framework.



Reviewed Previous Carbon Storage Assessment Frameworks

Kaldi et al., 2008

Bump et al., 2022

Callas et al., 2022

Kim et al., 2022, 2023

Rameriz et al., 2010

Raza et al., 2016Rodosta et al., 2011

CS TVA Matrix

Bachu, 2000

Solomon, 2006

Chadwick et al., 2008

Bachu, 2009

EPA Class VI, 2010

Delprat-

Jannuad et 

al., 2013

Alcalde et al., 2021

Wendt et al., 2022
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• Reflects multidisciplinary requirements of carbon storage projects 

Matrix Framework Carbon Storage Technical Viability

Reservoir Quality

Reservoir Geometry

Reservoir Conditions

Reservoir Suitability

Seals and Pressure

Trap

Faulting

Retention and 

Geomechanical Risk

Surface 
Hazards

Subsurface 
Hazards

Hazards

Land Rights/Use

Jurisdiction

Population and Habitats

Regulatory

Siting, Regulatory, and 

Jurisdiction Considerations

Community Sentiment

Impact on Community

Environmental Justice, 

Social Justice, and 

Community Impacts
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5 Categories       14 Subcategories



5 Categories       14 Subcategories        46 Components

Matrix has Three Levels of Granularity

8

Reservoir Quality

Reservoir Geometry

Reservoir Conditions 

Reservoir Suitability

Porosity Porosity

Permeability
Impact of permeability on 

injectivity

Depositional Environment, 

Lithology, Grainsize, and 

Sorting

Quality of internal 

reservoir characteristics

Diagenesis, Grain Scale 

Deformation, Secondary 

Alteration

Impact of alteration on 

pore space, connectivity, 

and resulting injectability 

Reservoir Thickness, 

Spatial Extent, Variability, 

Geobody Architecture, 

and Net–to-Gross

Spatial variability of 

reservoir, thickness 

distribution, 

connectedness, and 

impact on development

Depth to Top of Formation

Formation depth relative 

to 800 m and realistic 

drilling depths

Reservoir Temperature 

and Pressure

Temperature and 

pressure relative to drilling 

requirements and 

technology

In-situ Fluids and Salinity

Reservoir fluid types and 

TDS values relative to 

10,000 ppm



Comprehensive Matrix Includes Viability Designations

• Build upon previous studies (e.g., 

Rodosta et al., 2011) to define criteria

• Components of technical viability are 

described for designations ranging 

from “Non-Viable to Excellent Viability”

• Viability designations help evaluate 

data utility 

Non-Viable

Possibly Non-Viable

Viable with Hurdles

Viable but Non-Ideal

Fair/Decent Viability

Good Viability

Excellent Viability

Unknown Viability

Viability designations assigned at the component level.

+

Mulhern, J., Mark-Moser, M., Creason, C.G., Cordero Rodriguez, N. in prep. 
An Integrated Framework for Geologic Carbon Storage Viability 
Assessments

Manuscript in prep:
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Using the CS TVA Matrix

• Data availability assessment – a machine 

learning centered workflow which is 

currently in development by the NETL 

team to perform spatial data gaps 

assessments (Creason et al., next talk) 

• Data gaps assessment – matrix framework 

provides an organization framework for 

reviewing available data at various spatial 

scales

• Framework for geologic modeling – 

considerations and quantitative 

boundaries compiled with the matrix serve 

as a guide for model development 

Mulhern, J. S.; Mark-Moser, M., Rose, K. Offshore Geologic Carbon Storage Data 

Collection and Data Gaps Analysis; DOE.NETL-2024.4804; NETL Technical Report Series; U.S. 

Department of Energy, National Energy Technology Laboratory: Albany, OR, 2024; p 24. 

https://doi.org/10.2172/2382659

Retention and Geomechanical Risk

Sub-Cat Components Gulf of Mexico Atlantic Pacific Alaska

Seals and Pressure

Proven/Demonstrated 
Effectiveness of Top 

Seal

Some aggregated 
well data and 

regional geologic 
interpolations of 
seal properties 

exist. Included in 
some 

interpretations of 
nationwide 
datasets. 

Understanding of seals limited by 
sparse drilling and seismic data 

for the region.

Seals mapped 
in regions 

where oil and 
gas 

exploration 
has taken 

place.

Top Seal Thickness and 
Spatial Variability

Top Seal Viability, 
Fracture Pressure, 

Lithology, Porosity, and 
Permeability

Secondary Confining 
Unit Presence and 

Viability

Bottom Seal, 
Downward Flow, and 

Induced Seismicity

Pressure 
Communication with 

Reservoir 

Trap

Geological Trap Type 
and Certainty

Aggregated data 
on traps available. 
Some information 
can be garnered 

from existing 
hydrocarbon field 

information. 

Limited data on traps for the 
region based on limited 

subsurface mapping.

Some 
information 

can be 
garnered from 

existing 
hydrocarbon 

field 
information. 

Trap Viability and 
Previously 

Demonstrated Integrity

Faulting

Fault Presence, Depth, 
Spacing, Magnitude, 

Status (Active vs. 
Inactive)

Mapped faults 
from USGS. Some 

earthquake 
occurrence data 

aggregated. 

Mapped 
faults from 

USGS. Some 
earthquake 
occurrence 

data 
aggregated. 

Mapped faults 
from USGS. 

Some 
earthquake 
occurrence 

data 
aggregated. 

Mapped faults 
from USGS. 

Faults mapped 
for Alaska 
included in 

dataset.

Fracture Type and 
Density

Fault Reactivation 
Likelihood with 

Increased Pressure
Fault Gouge and 

Cementation/Fault Seal 
Viability

Earthquake Prevalence 
and Likelihood
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Benefits of a Comprehensive Approach

• Integrated matrix framework 

ensures that multi-faceted 

aspects of carbon storage are 

considered up front

• Creates a starting point for 

those new to geologic carbon 

storage

• Ensures that stakeholders 

consider project aspects 

which may be outside of their 

primary discipline
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