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Geologic carbon storage (GCS) is a viable technology that can reduce carbon emissions to the atmosphere
and mitigate the impact of climate change. Undeniably, a better understanding of the seismic potential in a
GCS site and developing a corresponding mitigation strategy for risk management plan is required to ensure
operational safety and minimize environmental impacts. To achieve this, a fast surrogate model is very pow-
erful since many geological structures and operating conditions must be evaluated for their sensitivity and
uncertainty in model prediction, while maintaining an acceptable accuracy level of high-fidelity models. In
this work, we present Barlow Twins deep operator networks to be used as a surrogate for geologic carbon
storage, with application for the Illinois Basin Decatur Project (IBDP) site, where a million metric tonnes of
CO2 have been injected. The proposed data-driven framework is built upon a combination of deep opera-
tor networks (DeepONets) [1], and Barlow Twins reduced order models (BT-ROM) as well as its variations
[2, 3]. To elaborate on this, we use DeepONets’ architecture of branch and trunk nets in combination with
a projector from BT-ROM. The loss function is constituted of point-wise differences (mean squared errors)
and redundancy reduction terms. Our goal is to enhance DeepONets’ capability by achieving better-reduced
manifolds through an information bottleneck principle and a joint embedding architecture of BT-ROM. Our
parameter space (input) contains heterogeneous hydrogeological properties (permeability and porosity) and
operation constraints (e.g., varying injection rates and bottom hole pressure). We will compare a surrogate
model performance with a high fidelity model in terms of fluid pressure and CO2 saturation.
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