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Summary

We recorded passive continuous seismic data at the CaMI Field Research Station to study
the feasibility of using ambient noise correlation method as an additional tool to monitor and verify
secure storage of the injected CO,. We focus here on two aspects: (1) the near surface
tomography, using 112 geophones along the 1.1 km trench and (2) the long-term monitoring of
the velocity change using continuous seismic recording since October 2015 on 7 broadband
stations. Due to the frequency range of the geophones used for the tomography part, the
investigation depth remains shallow (up to 50 m depth). Nevertheless, a good near-surface
velocity model remains important for active seismic processing. The Vs model obtained with
ambient noise correlation method is similar to the one obtained from an active shear seismic
source study. Concerning the monitoring using the ambient noise correlation method, the daily
correlations between 2 broadband stations show good coherency. The velocity variation between
the daily correlations and the reference are obtained using Moving Window Cross Spectrum
analysis. The effect of the seasonal temperature change is clearly visible on the velocity variation
curves. We also suspect an effect of the CO; injection on the velocity variation.

Ambient noise correlation method

The seismic ambient noise method (also called AN, or ANT for Ambient Noise
Tomography) gives access to the approximation of the Green’s function between two receivers
by correlating the continuous signal recorded at these two stations. In other words, you can turn
one receiver into a so-called virtual source by correlating the seismic ambient noise. The surface
waves are dominant in the reconstructed Green’s function, so the dispersion curves can be
computed, group and/or phase velocity maps produced, then inverted to obtain Vs model. In
addition to tomography studies, the use of ambient noise correlation technique starts to be used
for monitoring purposes. As the Green'’s function is sampling the medium between 2 stations, if
the medium changes (more or less scatters, change in velocities...), the correlations can be used
to track these changes.

We use MSNoise Python package (Lecocq et al., 2014) to pre-process the continuous
seismic signal (mean and trend removal, 1-bit temporal normalization, spectral whitening
normalization) and compute the daily correlation between all the pairs of stations. A reconstructed
virtual shot gather is shown on Figure 1. The yellow star shows the geophone turned into a virtual
source. We can observe the surface wave (here Rayleigh wave as we use the vertical
components) with a velocity of approximately 325 m.s. We interpret the faster wave as a body
wave. We compute the cross correlation between all the pairs of stations and obtain a starting
dataset of 4098 interstation paths for the tomography application.
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FIG. 1. Virtual shot gather reconstructed with the ambient noise correlation method. Left:
experiment layout, yellow star is the geophone turned into a virtual shot. Orange dot is the CO:
injection well, green dots are the observation wells. Right is the reconstructed shot gather.

Application to near surface tomography

We compute the group velocity dispersion curves of the reconstructed surface wave using
Frequency-Time Analysis (FTAN, Levshin et al., 1989). We quality-controlled them based on the
Signal to Noise Ratio of the correlation and the A criteria (we only keep the path containing at
least one wavelength). The interstation dispersion curves are regionalized (Barmin et al. 2001) to
obtain a 2D section of the group velocity. Figure 2.b shows the 2D section relative to the averaged
group velocity (Fig 2.a). It is difficult to directly compare group velocities (Vg) and S-wave
velocities as their relation is not linear. Vg is mainly dependent of Vs but also depends the density,
Vp, the attenuation... Nevertheless, the following considerations are true:

o Low group velocity can be related to low S-wave velocity;
¢ High frequencies are sensitive to shallow part when lower frequencies are sensitive to
deeper part.
From these considerations, we can observe on Figure 2.b that:
¢ the velocities are increasing with depth;
e at shallow depth: velocity is lower on the SW part than on the NE part of the trench;
o at deeper depth: velocity is higher on the SW part than on the NE part on the trench.

These observations are coherent with the Vs model of Isaac and Lawton (2019) obtained
using a shear source produced dataset. We use the SRFPython package (Lehujeur et al. 2018)
to invert each local dispersion curve. It uses a Markov Chain Monte Carlo (MCMC) inversion to
get the local Vs models. The 1D models are merged to get the 2D Vs section (Figure 2.c)
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FIG. 2. a) Averaged group velocity curve. b) Group velocity variation compared to mean group
velocity shown on a). c¢) Inverted Vs model along the trench. Red line is the bedrock depth
obtained from shear wave source analyses (Isaac and Lawton, 2019).

Application to monitoring

In the MSNoise package, Lecocq et al. (2014) implement the Moving-Window Cross
Spectrum analysis (MWCS, first introduced by Ratdomopurbo and Poupinet (1995), also called
doublet method). For a detailed theory, lectors can refer to Clarke et al. (2011). Figure 3 shows
the average velocity variation observed for all pairs of stations. The analysis is done in the [0.1-
1]Hz frequency range, in the [0.5-5]s time window. Figure 3.a shoes the daily velocity variation as
well as the smoothed curve (over 40 days). We can clearly see a good correlation between the
smoothed curve and the average temperature (Figure 3.b). Figure 3.c shows the daily CO;
injection, with the periods of injection highlighted in green. They seem to correspond to periods
of velocity variation decreasing (Figure 3.a).
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FIG. 3. a) Velocity variation from daily cross correlation. Red curve is the smoothed curve. b)

Average daily temperature. ¢) Daily injection. d) Wind speed at 2m high. €) Rain precipitation.

Conclusions and Future Work

Concerning the imaging of subsurface with ambient noise; the method is already widely
attested, especially among the crustal tomography field. The downside part in this study is the
shallow depth of investigation due to the frequency range of the used geophones. The Vs model
is coherent with other studies done at the Field Research Station. The near surface tomography
work can be extended to the June 2019 survey. The 3D part of that experiment will be used to
have a 3D Vs model of the subsurface. The trench part of the June 2019 experiment will be used
to compare the velocity obtained during winter time (Feb. 2018, this study) and summer time
(June 2019, future work) and determine the potential effect of the environmental changes on the
near surface conditions.

Concerning the monitoring of CO: injection with the ambient noise correlation method, the
main challenge at the Field Research Station is the weak amount of CO: that is planned to be
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injected in order to simulate a leakage (Macquet et al. 2019). 500kg/day will induce relatively
small plume size (compare to large-scale field) and small variation in elastic parameters. As the
use of ambient noise can highly be affected by environmental changes, a very careful analysis of
the system is required to fully understand which parameters influences the Green’s function
reconstruction and so which parameters can be the cause of the observed velocity variation. The
4 years of continuous recording on the broadband stations and several weeks on several denser
surveys allow the study of the impact of the environmental changes on the ambient noise
correlation method. The effect of the seasonal temperature is clearly visible on the velocity
variation curves. We also suspect an effect of the CO; injection. Further analysis is required to
confirm the first observations and be able to associate observed velocity variation to the correct
parameters. Ultimate goal being to determine if whether or not the ambient noise correlation
technique can be used to detect leakage of CO2. The monitoring work will be updated with the
continuous acquisition on the broadband array. Since June 2019, seismic continuous acquisition
was also done on 24 geophones. During that period, the CO; injection increases. Monitoring
trough ambient noise correlation and trough events detection will be carrying on.
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