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Abstract
Hydrogen sulfide (H2S), contained in Icelandic geothermal production fluids, is emitted during geothermal energy production at flash steam power plants. Starting in January 2021, a subsurface storage initiative was implemented to reduce H2S emissions at the Nesjavellir geothermal power station (SW Iceland). In this process, the H2S gases are captured, dissolved into geothermal wastewater, and injected into the subsurface. Upon injection, the H2S-rich wastewater interacts with the highly reactive basaltic host rock to mineralize iron sulfides (e.g., pyrite and pyrrhotite). Although H2S mineralization in basalt host rocks provides a solution to reduce geothermal H2S emissions, the process must be effectively monitored to avoid potential adverse environmental impacts, such as the acidification of the groundwater system. In this study, we explore the use of borehole and ground-based time-lapse time-domain induced polarization (TDIP) data, sensitive to changes in the subsurface volume content of iron sulfides and other metallic minerals, to increase the temporal and spatial resolution of H2S sequestration monitoring efforts. Furthermore, we couple the TDIP surveying with reactive transport models to evaluate the time-lapse geophysical inversion results, estimate the geophysical response over extended injection durations, and identify the geochemical parameters controlling the effectiveness of H2S mineralization. 
Through the joint approach of time-lapse TDIP surveying and reactive transport modeling, we gain insight into the fate of injected H2S. Increases in the borehole TDIP response following H2S injection suggest that H2S mineralization is effective under the current injection conditions. This finding is supported by 1D reactive transport models of radial flow near the injection boreholes, which reveal that pyrite formation is favored at early stages of basalt alteration upon H2S injection. Additionally, the distribution of borehole TDIP changes is related to zones of increased fluid flow in the 1D reactive transport models, and the magnitude of the H2S mineralization is found to be limited, in part, by the iron supply from basalt dissolution. These findings are expanded to a larger spatial extent by applying 3D reactive transport models and time-lapse inversions of TDIP data collected along 1.2 km long lines surrounding the H2S injection wells. The time-lapse TDIP inversion scheme requires flexible gridding of model parameters and forward calculations to account for differences in electrode layouts between the surveys, and the simultaneous inversion of the sequential datasets to impose time-lapse constraints. The time-lapse results are compared to 3D reactive transport simulations and TDIP forward simulations to evaluate the potential of ground-based TDIP surveying as a scalable and cost-effective solution to monitor industrial-scale H2S injection.
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