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Well-log datasets commonly contain missing values due to acquisition issues, operational
constraints, and economic limitations, which complicate quantitative subsurface analysis and
useful extraction of information in geothermal and more largely subsurface characterisation.
Imputation is therefore a key preprocessing step, yet many existing approaches primarily focus on
within-well continuity and treat the problem as a depth-wise or time-series task, often overlooking
spatial redundancy between neighbouring wells.

In this contribution, we compare three complementary modeling paradigms for well-log
imputation: tabular machine-learning methods, sequential deep-learning models, and spatially
informed graph-based approaches. The comparison is conducted within a unified and
reproducible experimental framework based on cross-well validation and realistic missingness
scenarios, including isolated gaps as well as extended block-wise and complete log-wise gaps.

Results highlight clear differences in behaviour across modeling families. Tabular methods exhibit
limited robustness when missing values become structured, while sequential models improve
depth-wise continuity but remain sensitive to large gaps and absent logs. In contrast, spatially
informed graph-based models show increased stability by exploiting inter-well relationships,
leading to more coherent reconstructions at the field scale.

These results suggest that evaluating imputation quality solely through local error metrics is
insufficient for realistic subsurface applications. By emphasizing the importance of spatial
coherence and inter-well information, this study supports the use of spatially aware formulations
as a valuable alternative to purely depth-wise approaches for geothermal and broader subsurface
characterization workflows.
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