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Figure 1: MMR method (after Denith et Mudge, 2014)
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MMR forward modeling equations using finite-volumes
(Chen et al., 2002)

DC resistivity equation
(Pidlisecky et al. 2007)
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MMR time-lapse inversion

Consider a monitoring experiment where d, and d, are the MMR survey
data acquired before and some time after CO, injection respectively.

The difference inversion algorithm (Labrecque and Yang, 2001)
consists in minimizing the misfit between the difference in two datasets

and the difference between two corresponding model responses. The
objective function to minimize is

#(m) =W, (AD)[ + B|C (Am)[.

where AD = (F(m)- F (mg))—(d; —d;), Am = m— m,, with m being the
logarithm of conductivity, and m, the model obtained after inversion of
the baseline data d,. Also, F is the forward model operator, W, is the
data-weighting matrix, and C is a regularization matrix.

The model parameters are weighted using a distance-base weighting
function as defined by Li and Oldenburg (2000). It is independent of the
sensitivity calculation and is not affected by the directional variation.
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Figure 2: Location and schematic Field Research
Station layout.

3-D seismic shows that geology at the FRS site is mostly 1D. To
build the resistivity model of FRS that served to generate the
synthetic data, we used a smoothed version of the resistivity well
log data shown in Figure 3.
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Figure 3: Resistivity well log at FRS (blue line) and resistivity
model obtained by Haar wavelet approximation of resistivity well
logs (red line).

Numerical tests

For the numerical experiments, a model of size 350x350%x350 m3
was discretized using a mesh with 12.5x12.5x10 m3 voxels.
Between 230 m and 320 m depths, the step size in the vertical
direction was decreased to 5 m. The MMR data were generated
by considering two transmitter configurations corresponding to two
electrodes orientations that are perpendicular each other.
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Figure 4. MMR measurements setup and CO, plume location (red
disc). Green and red stars correspond to first and second
electrodes configuration respectively.

The injection target is located between 290 m and 295 m depths
and has a resistivity of 7 onm.m. The CO, plume is modeled as a
resistive disc of 10 times the resistivity of sandstone. The thickness
of the disc was fixed for all experiments to 5 m and its center is at
a depth of 297.5 m. To simulate the evolution of the CO, plume,
two scenarios were considered. At each time lapse, the radius of
the plume is increased from 50 m (time t,) to 100 m (time t,). The
MMR measurements are performed in 4 boreholes at 5 m step
between 220 m and 320 m depth

Qualitative interpretation

Figure 5 shows the magnetic field response difference between
observed magnetic fields before and after CO, injection at \WWbh
(680,500). For the 50 m radius plume, it is not possible to detect its
effect because the magnetic field difference appears as a weak
long-wavelength anomaly. When the plume radius increases to
100 m, its effect is clearly observable in the data. This can be
explained by the fact that MMR anomaly is caused by resistivity
contrasts and is inversely proportional to the distance between the
receivers and the resistivity contrasts.

Time-Lapse inversion results

To follow the evolution of the plume, time-lapse inversions were
carried out using observed MMR data at time intervals t,-t; and t,-,.
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Inversion results for t,-t, without using model weighting function are
shown in Figure 6. The depth of the CO, plume is well retrieved but
the lateral extensions are not well resolved. The resistive plume
tends to be elongated in the same direction as the current
electrodes orientation and is concentrated around borehole
observation. This can be explained by the fact that there is a bias
towards channelling currents along structures with a similar
orientation to the current electrodes and to geometric decay of the
response with distance, similar to what can be observed in gravity
(Chen et al., 2002).
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Figure 7: Left: real
resistivity model; Right:
resistivity model obtained
by time-lapse inversion t,-t,
using weighting function.
White dots are borehole
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When the model weighting function is included in the inversion, the
lateral extensions of the plume are more realistic. However, the
circular region around Ibh appears less resistive (Figure 7). This is
due to the combination of weak MMR response at Ibh (resistivity
contrasts are 100m far from Ibh) and to the desensitization of
resistivity blocks caused by weighting model function around Ibh.
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