w Mineralization and Metamaterial Contrast
Ml Agent Monitoring in Geologic Carbon Pacific Northwest

NATIONAL LABORATORY

Storage ReserVOirs Jade HO”lman Jr, H TOdd SChaef, QUln Mlller Proudly Operated by Battelle Since 1965

To facilitate carbon storage monitoring and verification, we are investigating the

low frequency (seismic) properties of injectable framework nanoparticles to be Seismic Contrast Agents for EXtending PrinCipleS of Metamaterial and
used as seismic metamaterial contrast agents. These injectates are low- Enhanced C02 Monitoring Metastructure Design tO the Subsurface

frequency absorptive acoustic metamaterials exhibiting anomalous sound
transmission loss and tunable resonance. This acoustic metamaterial technology
can be used along with traditional seismic imaging techniques to enable
transformational monitoring of subsurface CO,. We will also present results from
an in-revision Review manuscript (Holliman Jr. et al. 2022, Materials Advances)
that discusses the broad field of metamaterials, including seismic metamaterials.
We also report forced oscillation core test experiments to observe the effects of
our metamaterial contrast agent on extensional seismic wave attenuation (Q'¢)
and the Young’'s modulus (E) dispersion in rock samples by comparing dry, water-
saturated, and contrast agent-saturated Berea sandstone samples. We validate
our results using the Kramers-Kronig (K-K) relation, relating Q-'z and E through
causality. In addition, we are performing a comprehensive K-K data analysis for
published low-frequency forced oscillation studies. This involves extracting and
analyzing compiled literature data, helping predict seismic responses in a broad _
range of lithologies and conditions. Lastly, we discuss new results for carbon WM 200 MHz
storage via rapid mineralization in basalts at the Wallula Pilot Project, which were A
enabled by renewed focus on post-injection collected sidewall cores. Recent
observations and new characterization of the samples has revealed exotic
carbonate mineral compositions and zonation while clarifying the paragenetic

New CO, monitoring technology using seismic metamaterial Ultrasonic Acoustic d
contrast agents in combination with seismic imaging

sequence of mineral dissolution-precipitation reactions. techniques to create a reservoir-scale periodic structure * Injectable metamaterials are key to imposing a reservoir-
scale periodic structure for seismic wave manipulation
PNNL forced oscillation testing of injectable contrast agent - Elastic metamaterials for seismic manipulation are less

COZ Mineralization at the Wallula Basalt nanofluids used to parameterize forward seismic modeling

. ! ) developed than acoustic and ultrasonic metamaterials
Sequestration Pilot Project

* The metastructure design would comprise of resonant
periodic structures in the subsurface and increase resolution
for better delineation of spatial relationships of fluids and

Wallula Basalt Sequestration Pilot Project injection site (~850 m) where
50 sidewall cores were recovered; many contained carbonate minerals
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