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 It’s generally acknowledged that 3D seismic surveys will need to be performed periodically to 

monitor commercial-scale CO2 injections. The surveys are very expensive. Case 1 – Change in EM fields at the surface, before and after CO2 injection
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 Electromagnetic (EM) methods may provide a more cost-effective monitoring technique that, at a 
minimum, may reduce the frequency of seismic surveys.

 The vertical electric dipole 
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 CSEM may be an effective “early warning” technology for monitoring CO2 migrating up-dip toward 
known faults or abandoned wells.

 Electrical properties give an independent estimate of CO saturation separate from seismic which

electrodes, separated ~50 m, 
permanently installed in an 
uncased part of the well, 
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ff Electrical properties give an independent estimate of CO2 saturation, separate from seismic, which 

could be used in a joint inversion to improve the overall saturation estimate.
below the reservoir formation.

 Dipole source is connected to 
a low frequency generator Reservoir Properties Change with CO2 Injection
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Reservoir Properties Change with CO2 Injection
 The electrical resistivity of supercritical 

CO2 is close to that of air – very measures three B-field 
components and two E-field 
components at surface 

CO2 is close to that of air very 
resistive compared to conductive brine 
in a saline reservoir.
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 For a 1500 Amp-m dipole source (30 Amps, 50 m long), 50 m receiver dipoles, and 30 minutes of 
stacking, the max E-field changes are ~20% of the max electric fields; max B-field changes are ~9% of 

locations. Buoyant CO2 will tend to assume a 
“pancake” shape – thin and laterally 
extensive – beneath a caprock. Resistivity Model of CO2 in Reservoir and Dipole Sources

the max magnetic fields.

 These anomalies are easily detectable in the presence of instrument and magnetotelluric noise.Resistivity Model of CO2 in Reservoir and Dipole Sources
 The EM component most affected is 

the vertical electric field, Ez, because 
the vertical current flow is significantly

Case 2 – Relative change in maximum EM fields at the surface as CO2 migrates up-dip
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Marine CSEM System Design

the vertical current flow is significantly 
reduced over a large area.  Horizontal E-fields are the most sensitive 

EM component for seeing CO2 migrating 
toward the monitoring well in
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Marine CSEM System Design
 Marine CSEM surveys can assess oil or gas reservoir depletion as resistive hydrocarbons are 

produced and conductive brine invades.

 This small CO2 distribution (1.4 Mt) can 
be detected when it’s center is ~0.5 km 
from the monitoring well el
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CSEM Monitoring and Data Analysis
 Develop an electrical resistivity model – (1) define the geologic structure from a baseline 3D seismic 
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survey, and (2) estimate formation resistivities from electric log data

 Use a 3D EM modeling code to invert for resistivity changes in the reservoir as CO2 is injected and 
brine is displaced, while keeping the resistivity structure above and below the reservoir fixed

Case 1
 Dipole source beneath reservoir in injection well, 2600 m depth, 0.125 Hz, 1 Amp-m

brine is displaced, while keeping the resistivity structure above and below the reservoir fixed

 Calculate the volume of injected CO2 at the reservoir temperature and pressure

 Use Archie’s Law to estimate the CO2-invaded reservoir resistivity based on reservoir porosity, rock

Source: Scripps Institution of Oceanography, 
http://marineemlab.ucsd.edu/resources/concepts/CSEM_MT.html

Marine CSEM survey design creates vertical E-field

 1.4 Mt CO2 injected at 2300 m depth, modeled as a hemisphere, Sg = 0.3, diameter = 544 m
Case 2
 Dipole source beneath reservoir formation up dip in monitoring well 0 125 Hz 1 Amp m Use Archie s Law to estimate the CO2 invaded reservoir resistivity based on reservoir porosity, rock 

resistivity, brine resistivity, and brine saturation

 Conduct baseline and repeat CSEM surveys to detect changes in the distribution and saturation of 
CO i th i

 Natural magnetotelluric fields (right side of 
figure) are horizontal and relatively insensitive 
to a flat lying resistive feature

 A towed electric dipole source creates a vertical 
E-field component sensitive to a flat resistive 
feature Modeled by Torquil Smith using 3DEM code developed by Greg Newman, LBNL. Reference: Smith, J.T., and J.H. Beyer,

 Dipole source beneath reservoir formation, up-dip in monitoring well, 0.125 Hz, 1 Amp-m

 The same CO2 distribution migrates up-dip in the reservoir formation
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CO2 in the reservoirto a flat-lying resistive feature.feature. Modeled by Torquil Smith using 3DEM code developed by Greg Newman, LBNL. Reference: Smith, J.T., and J.H. Beyer, 

2011, Monitoring CO2 Sequestration Using a Down-Well Electric Dipole and Surface Receivers, draft LBNL report


