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Once CO2 is injected underground, it needs to be 
monitored for safety and regulatory reasons. 
Geophysics is a main contributor to monitoring efforts. 
Seismic is a popular choice, but is expensive, is not 
sensitive at large CO2 saturations, and can have access 
issues when performing surveys. Electromagnetics is an 
alternative method that is cost-effective, sensitive to 
the full range of CO2 saturation, and can utilize airborne 
techniques (e.g., drones). To evaluate the potential of 
using EM techniques for monitoring, we consider the 
Kemper CarbonSAFE site in  

Local Geology

Hughes (1958)

• Cross-dipole source produces measurable secondary 
magnetic fields at the Kemper site.
    ‣ >0.1 pT/A
• Shape of the secondary fields are independent of 
transmitter location.
    ‣ Amplitude is dependent.
•  Possible to use a small transmitter 
• Receivers should measure near the injection site 
(ground and drone-based surveys).
•  Monitoring depends on local noise (field tests).

Mississippi. This site consists 
of 1D geology with three 
saline reservoir injection 
zones at depth. We consider 
three epochs of injection 
approximating 1, 3, and 5 
years of injection. The EM 
transmitter is an electric 
cross-dipole source with 
magnetic field receivers.

From the generalized stratigraphic column and well logs, 
we create a conductivity model. Injected CO2 is 85 Ωm at 
constant 75% saturation with 30% porosity.

Goal: detect and monitor subsurface CO2 plume(s) using
High-temperature SQUID magnetometer receivers
• <0.1 pT secondary field sensitivity floor
• 50 fT/Hz internal noise
Electric cross-dipole source
• 10 - 80 A of source current
• 0.1 - 10 Hz
Considering a common 10 A and 1 Hz survey: 
• 0.01 pT/A  detection.

Centered cross-dipole
• Horizontal component
• 0.01 to 3.9 pT/A 
secondary field magnitude
• Each epoch has a 
measurable secondary field

Offset cross-dipole
• Horizontal component
• 0.005 to 1.7 pT/A 
secondary field magnitude
• Low magnitudes from 
epoch 1 not measurable
• Half magnitude 
compared to centered

Centered Cross-Dipole

Offset Cross-Dipole

Centered cross-dipole
• Vertical component
• 0.01 to 3.2 pT/A 
secondary field magnitude
• Each epoch has a 
measurable secondary field
• Slightly weaker response 
than horizontal

Shape of the secondary magnetic fields is independent 
of the location of the cross-dipole source. The magnitude 
is dependent on location. However, long dipoles may not 
be feasible in the field.

Limited Cross-Dipole

Limiting the dipole lengths to a potential survey area 
decreases the magnitude and epoch 1 is no longer 
detectable. Epochs 2 and 3 remain detectable. To 
increase the secondary field magnitude, one could bury 
receivers, however, this is limited to borehole locations.


