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North Dakota CarbonSAFE 
(Carbon Storage Assurance Facility 
Enterprise) - carbon capture, 
utilization, & storage (CCUS) 
project

• Part of U.S. Department of Energy 
initiative to develop sites to store 
50+ million metric tons of CO2 from 
industrial sources.

• Characterization of a CO2 storage 
complex near Minnkota’ s Milton R. 
Young Station (Broom Creek Fm & 
Deadwood Fm)

• Up to 4 million metric tons of CO2
per year.

NORTH DAKOTA CARBONSAFE PROJECT
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STUDY AREA
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Broom Creek Formation: 
Primary target for CO2 storage.

Winnipeg/Deadwood Formation: 
Secondary target for CO2 storage.

Approximate Location of Center, ND
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NORTH DAKOTA GEOLOGY & TARGET RESERVOIRS

• Broom Creek Fm
– Eolian & nearshore marine sandstone–

carbonate cycles: sandstone, dolomite 
sandstone, dolostone, and anhydrite 
♦ Thickness in study area: ~85 m
♦ Average porosity sandstone: 23 %
♦ Average permeability sandstone: 222 mD

• Deadwood Fm
– Marine siltstones, sandstones, & shales on top 

of Precambrian basement 
♦ Thickness in study area ~140 m
♦ Porosity: sandstone (11 %), 

carbonate (3.7 %); 
shale (1.0 %–23.0 %), 
siltstone (0.1 %–18.0 %)

♦ Permeability: sandstone (70 mD), 
carbonate (7.0 mD), shale (14 mD), 
siltstone (0.88 mD)
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• Site characterization
• Baseline data acquisition
• Feasibility study of monitoring 

methods

GEOPHYSICAL OBJECTIVES
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GEOPHYSICAL OBJECTIVES
• 3D surveys are the standard monitoring method
• Mature technology from intensive R&D work in the oil 

industry 
• Structural information & high-lateral resolution
• Most expensive

2D-3D 
Seismic

• Most of the latest technology developments 
from marine environments

• Sensitive to CO2 saturation changes 
• Moderately expensive

Controlled-source 
electromagnetic 

(CSEM)

• Less popular method for CO2 monitoring 
• Sensitive to CO2 saturation changes
• Less expensive

Microgravity

• Site characterization
• Baseline data acquisition
• Feasibility study of monitoring 

methods
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SEISMIC DATA SETS
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WHY 3D AND 2D?
Seismic Data 
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WHY 3D AND 2D?
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MINNKOTA 3D AND MINNKOTA 2D
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ELEVATION 
Minnkota 3D Minnkota 2D

ft ft
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PRESTACK TIME MIGRATION 
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PRESTACK TIME MIGRATION 
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• Separation of lithology from 
saturation effectsκ

Baseline

M
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M

κ

WEB-AVO INVERSION TO ESTIMATE ROCK PROPERTIES
Baseline Monitor

Simultaneous
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• Separation of lithology from 
saturation effectsκ

Baseline

M

WEB-AVO INVERSION TO ESTIMATE ROCK PROPERTIES
Baseline
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CROSSPLOT ANALYSIS OF BROOM CREEK

Red: Sand
Green: Carbonate
Blue: Anhydrite
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CROSSPLOT ANALYSIS OF BROOM CREEK
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MINNKOTA 3D – WEB AVO RESULTS
PSTM

Compressibility

Shear
Compliance

Estimated
Facies

• Anhydrite (blue)
• Carbonates (gray)
• Sands (red)
• Shales (yellow)
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MINNKOTA 2D – WEB AVO RESULTS
PSTM
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2D SEISMIC MODELING: CO2 IN BROOM CREEK 
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GEOPHYSICAL DATA SETS
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L2CSEM056 L2CSEM058 L2CSEM060 L2CSEM062 L2CSEM064 L2CSEM066 L2CSEM068 L2CSEM070
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CSEM BASELINE 1D INVERSION RESULTS (LINE 2)



SUMMARY AND CONCLUSIONS

• Encouraging WEB-AVO results similar to 3D data were obtained using 2D data. 
– Extensive seismic data conditioning was required to obtain high-quality 3D and 2D WEB-

AVO compressibility and shear compliance.
– High resolution of 3D WEB-AVO compressibility and shear compliance.
– The facies estimated based on WEB-AVO are compatible with the geological interpretation 

of data available in the study area. 
– Future 3D and 2D CO2-monitoring scenarios should be handled well with the WEB-AVO 

technology.
♦ Compressibility is highly sensitive to the time-lapse softening and hardening signature. 
♦ Shear compliance represents a good indicator of the pressure effect.

• Potential combination WEB-AVO parameters from 2D surveys with CSEM time-lapse results 
to assess saturation and pressure conditions due to CO2 injection.
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U.S. DEPARTMENT OF ENERGY DISCLAIMER

“This presentation and the associated conference paper were both prepared as 
an account of work sponsored by an agency of the United States Government. 
Neither the United States Government nor any agency thereof, 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 the authors expressed herein do 
not necessarily state or reflect those of the United States Government or any of 
agency thereof.” 
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