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Comprehensive risk assessments for subsurface utilisation projects such as in-situ coal
conversion, deep geothermal energy, geological storage, and waste disposal are implemented to a
limited extent in common practice. The impacts of subsurface processes on environmental
hazards (e.g., migration of groundwater-borne contaminants, induced seismicity, and subsidence)
are often convoluted and therefore not trivially to predict. Furthermore, decisions on project
feasibilities are commonly based on expert knowledge subject to non-standardised approaches.
However, an objectively and transparently developed risk assessment is imperative for a publicly
accepted, long-term economic and environmentally friendly design of future subsurface
utilisation.
We propose a new environmental hazard quantification framework based on modular
simulations. The aim is to create a uniform basis for both project developers and authorities to
carry out risk analyses. The approach streamlines state-of-the-art numerical models [1,2],
accounting for multiphase flow, geomechanics, geochemistry, and heat transport, to determine
the likelihood and severity of hazards. The method uses the results of the computational
expensive Monte Carlo simulations of each module to train gradient boosting machine learning
algorithms. These surrogate models facilitate loose coupling within the framework and a seamless
integration into a graphical user interface for demonstrating hazard probability distributions.
The approach was applied to two example study areas with complex geological settings as part of
a risk assessment for in-situ coal conversion. A substantial rock volume is extracted during this
operation, and a contaminant pool is potentially left behind, which may put the environment at
risk. With our presented approach, the shortcoming of using conceptually simplified models are
substantially reduced, since subsurface complexities are accounted for. The transparency of the
assessment basis should generally increase the acceptance of geoengineering projects, which is
considered one of the crucial aspects for the further development and dissemination of geological

subsurface utilisation.
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