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Pore-scale modelling and simulation of reactive flows are usually built upon X-
ray microtomography experiments that provide the internal and complex geometries
of the porous media. Although these models offer the opportunity to study the evo-
lution of the macroscale properties in the context of CO2 storage, they suffer from
measurement uncertainties arising from the pore-scale imaging process. Image arte-
facts, including noise and unresolved morphological features, are such limitations
and require data-driven methods with uncertainty quantification. This aims to im-
prove the reliability of the numerical modelling through better identification of the
morphological properties using reactive inverse problems.

However, developing an efficient data-assimilation framework that robustly ad-
dresses such multi-objective and multi-scale inverse problems remains challenging.
Therefore, we propose a novel adaptive strategy for unbiased uncertainty quantifica-
tion in Bayesian Physics-Informed Neural Networks, which relies on an automatic
weighting of the target distribution parameters and objectives. It benefits from
enhanced convergence and stability compared to conventional formulations and re-
duces sampling bias by avoiding manual tuning of the critical weights. The adjusted
weights also bring information on the task uncertainties and improve the reliability
of the noise-related and model adequacy estimates.

In this presentation, we focus on the improvements and efficiency of this new
approach on various benchmarks, including comparisons with an analytical base-
line, and Computational Fluid Dynamics applications. We also apply this auto-
weighting in Bayesian Physics-Informed Neural Networks on pore-scale imaging un-
certainty quantification. In this direction, we aim to quantify unresolved features
in porous media X-ray microtomography and capture morphological uncertainties
on the porosity field.

187



S17. Uncertainty Modeling

188


	Sponsors
	Introduction
	Contents
	S00. Plenary Session
	S0001.  Spatial Analytics for Geoforensics and Geohealth
	S0002. Geochronology as a compositional data problem
	S0003. Data Analytics and Machine Learning for Geostatistics
	S0004. Decision-making for follow-up mineral exploration based on spatial uncertainty of geochemical data
	S0005. Modeling of coupled processes in fractured geothermal systems
	S0006. Harnessing the complexity of minerals: Data-driven exploration of evolving Earth and planetary systems
	S0007. Non linear and non Gaussian geostatistical models using Copulas
	S0008. A journey into covariance models for spatial data

	S01. Reservoir Characterization and Machine Learning: From Pore to Field Scale
	S0101. Application of Reinforcement Learning in Geostatistical Modeling Workflows
	S0102. Graph Generative Deep Learning for Uncertainty Quantification of Brugge field
	S0103. Stochastic modeling of finer-scale muddy drapes inside point bar reservoirs with GANSim
	S0104. Accurate reconstruction of reservoir models in spectral domain using compressed sensing guided by reinforcement learning 
	S0105. Time-lapse 3D CSEM for reservoir monitoring based on rock physics simulation
	S0106. Pore Pressure Uncertainty Characterization Coupling Machine Learning and Geostatistical Modelling
	S0107. Wavelet Operational Matrices and Lagrange Interpolation Differential Quadrature-Based Numerical Algorithms for Simulation of Nanofluid in Porous Channel
	S0108. Machine learning-based reservoir characterization at multi-scales: current research status, future directions, and challenges
	S0110. Facies modelling in fluvial environments with Self-Attention Generative Adversarial Networks conditioned to well data
	S0111. Unsupervised Machine Learning for Well Log Depth Alignment: A Case Study of Well 16/1-9 in the Ivar Asan Field, Norwegian North Sea
	S0113. Geomodelling with GANSim: from idea to practice
	S0114. A Stochastic Bottom-Up Model for Regional Oil Production Combining Size-Biased Sampling, the Poisson Process, and Production Profiles: With an Application to the Gulf of Mexico and Norway

	S02. Mathematical methods and approaches for monitoring and predicting ground movements
	S0201. Ground surface deformation modelling with spatial and random forest regression approach
	S0202. Data – Driven Prediction of Spatial Settlements on Mining Waste-Dumps – Combining Geotechnical Process Knowledge with InSAR-Data

	S03. Mining geostatistics, optimization and geometallurgy
	S0301. Local Transformations using kernel density estimation for simultaneous detrending and Gaussian anamorphosis
	S0302. Integration of Machine Learning and Geostatistics to improve the concentration mapping (Case study: Bauxite mining wastes in Puglia-Italy)) 
	S0303. Concepts of statistical entropy for the evaluation of comminution and separation processes
	S0304. High-Order Simulation of Processing Responses Applied to Adaptive and Reinforcement Learning-Based Short-Term Planning of Industrial Mining Complexes
	S0305. Integration of Machine Learning for grade estimation in mineral resource modelling.
	S0306. A hybrid model of machine learning and discrete event simulation techniques to predict ore production in mining operations
	S0308. Resource Modeling in Copper Deposits using Multivariate Geostatistics
	S0309. Application of Multivariate Geostatistics for Geospatial Modelling of Tailings Storage Facilities in Kazakhstan
	S0310. Geostatistics for mineral resource assessment of critical battery elements
	S0311. Validating non-stationary Conditional Simulations at Olympic Dam Deposit: Benchmarking against Estimation Techniques using data from the recent drilling
	S0312. Resource risk quantification through automation and sensitivity analysis – an Alcoa’s case study
	S0313. Simultaneous stochastic optimization of mining complexes and geostatistical simulations: Key aspects and interactions 
	S0320. Bayesian Evidential Learning (BEL) Applied to Mineral Resource Modelling to Reduce Uncertainties
	S0321. Developing a New Data-driven Multiple-point Simulation Method Based on Copulas 
	S0322. Plurigaussian collocated co-simulation: an innovative technique for stochastic modeling of geological domains
	S0323. Generalized Laguerre Mosaics as versatile toolbox for microstructure modelling
	S0325. M3G: Music as a Metaphor in Mining Geostatistics

	S05. Rare events detection for risk management in geoengineering
	S0501. Advanced numerical model for landslides: from quick clay to submarine landslides
	S0502. Application of unsupervised learning methods for predictive modeling in geoengineering
	S0503. Use and limitations of various metrics to assess the quality of extreme sparse datasets in geotechnics
	S0504. Conditional WGAN-GP approach for geotechnical dataset augmentation
	S0505. Balancing the datasets: an overview and evaluation of machine learning approaches
	S0506. Decision Support Based on Inventory Data
	S0508. Rare event detection with Autoencoders: application in civil engineering

	S06. Advances in computational analysis of geochemical survey data for geochemical anomaly detection
	S0601. Spatial outlier detection using the spatially smoothed MRCD
	S0602. 3D U-Spatial Statistics applet: A Case Study for Epithermal Gold Deposit in Turkey
	S0603. Soil geochemistry data analysis of hydrogen and other gases along the San Andreas Fault
	S0605. The off-axis plume–ridge interaction model: Confirmation from the mineral chemistry of Cretaceous basalts of the Ontong Java Plateau

	S07. Practical Aspects and Applied Studies in Geochemical Exploration and Mapping with Compositional Logratio Techniques
	S0701. A subcompositionally coherent proportionality index of parts
	S0702. Application of compositional data analysis to biogeochemical exploration for disclosing the lithology-derived signatures in plants from its physiological artifacts 
	S0703. Base metal geochemical anomaly mapping in the Trøndelag county, Norway: insights from cluster analysis
	S0704. Compositionally relevant post hoc tests of compositional linear models
	S0705. Geomicrobiological study of a hydrothermal vent field using compositional methods
	S0706. Identifying important pairwise logratios in geochemical data with sparse principal component analysis
	S0707. River chemistry behaviour in response to perturbations revealed by density distributions of Principal Balances
	S0708. Tectono-geochemical anomaly identification and concealed ore deposit prediction based on compositional balance analysis
	S0709. Mapping Potential Targets for Gold Mineralization Based on Score Balances of Soil Geochemical Data in the Amapari Region, Amapá State, Brazil 

	S08. AI-driven mineral prospectivity mapping
	S0801. Exploration targeting of conduit-type orthomagmatic Ni-Cu-PGE-Co deposits in northern Finland.
	S0802. Automatic Detection of Geological Structures from Map Data
	S0803. A hybrid method combines direct sampling and convolutional neural network for lithological mapping based on geochemical survey data
	S0804. Multimodal Fusion Modeling for 3D Mineral Prospectivity Prediction: Incorporating 3D geological models and dynamic numeric models with Canonical Correlation Analysis
	S0805. Multi-fidelity geological knowledge constrained neural network for mineral prospecting mapping
	S0806. Machine-readable expression of unstructured geological information and intelligent prediction of mineralization associated anomaly areas in Pangxidong District, Western Guangdong, South China
	S0807. Predicting unknown mineral occurrences using mineral association analysis and improving our understanding of mineralogy.
	S0808. Intelligent automatic mapping technology for the preparation of petroleum resources assessment base maps
	S0809. Application of LSTM in Deep Ore Prospecting: A Case Study In Laowan Gold Deposit in Henan Province, China

	S09. Accelerating Geoscientific AI with Synthetic Data
	S0901. Forward Model Based Synthetic Geological Data for AI/ML workflows
	S0902. Massive synthetic geological forward modeling using high-throughput computing
	S0903. SA-RelayGANs: a novel framework for the characterization of complex hydrological realism based on GANs and self-attention mechanism
	S0904. Biosignatures in Complex Molecular Mixtures-a Machine Learning Approach

	S10. Spatiotemporal Methods and Data Analysis
	S1001. Spatiotemporal interpolation of large meteorological fields 
	S1002. Locally refined spline surfaces and volumes for representation and analysis of geo-spational points
	S1003. Stochastic Local Interaction Models for Multivariate Datasets 
	S1004. Big data analysis and achievements of global Petroleum exploration
	S1005. EOF-based analog selection for satellite-derived wind speed image time series reconstruction: A multiple-point statistical framework
	S1006. A multivariate space-time geostatistical approach for modeling and predicting agrometeorological variables
	S1007. Signal processing and reconstruction methods with data gaps in geophysics (applications to Mont Terri URL)
	S1008. Exploring seasonal patterns in baseflow using functional data analysis
	S1009. Adaptive ocean sampling using surrogate models with spatially varying anisotropy in three dimensions
	S1010. Extracting critical production data for assisted history matching problem using topological data analysis
	S1011. Cautionary remarks on the cross- and auto-correlation analysis of non-Gaussian and non-linear time series
	S1012. Exploring Residential Built-Up Form Typologies in Delhi: A Grid-Based Clustering Approach towards Sustainable Urbanization
	S1013. Wavelet-based local structural complexity analysis of Lancaster-Sarmanov subordinated random fields
	S1014. Spatiotemporal Signal Decomposition for CO2 Sequestration and Monitoring
	S1015. Cointegration Analysis of Factors Affecting Carbon Emission Based on Time Series Data 
	S1016. Deep Neural Network Workflow for Spatio-Temporal Groundwater Head Forecast
	S1017. Prediction of Total Phosphorus Concentration based on Multi-Modal Deep Learning for Four Major Rivers of the Republic of Korea

	S11. Knowledge graph, knowledge-infused machine learning, and neuro-symbolic AI in geosciences
	S1101. Accelerating computation of non-Euclidean distances in implicit models with pathfinding heuristics
	S1102. Machine Learning on Zircon Trace Elements Chemistry Reveals Onset of Plate Tectonics since Hadean
	S1103. Knowledge-guided visual exploratory analysis of open mineral data
	S1104. Loop Iteration-Based Different-Grained Geological Entity Recognition: A Case of Porphyry Copper Deposit
	S1105. Modelling and Simulating the Built-up expansion in West Delhi through an integrated Machine Learning and ABM based approach.

	S12. Novel geophysical data integration methods to assess natural resources
	S1201. How good can we classify geological units from airborne geophysics dataset using multiple-point statistics?
	S1202. Comparing clustering methods for detecting geological structure and domains from airborne geophysics
	S1203. Self-organizing maps for integration of 3D geophysical datasets: Applications to exploration of mineral deposits.
	S1204. Interpretability and scalability of geophysics inversion in machine learning with Haralick texture features
	S1205. Non-regression pre-stack AI-based seismic inversion algorithm
	S1206. An investigation of regularization and constraints in surface-geometry inversion
	S1207. Quick clay monitoring using surface wave recorded on a distributed acoustic sensing array. 
	S1214. Trans-dimensional 3D geometrical inversion: proof of concept and field application using gravity data from the Boulia region (Queensland, Australia)

	S13. Data Integration
	S1301. Probabilistic groundwater modelling for decision-makers with neural networks
	S1302. Coupling an ensemble smoother with a truncated Gaussian model for aquifer characterization
	S1303. Core And Cuttings Derived Mineralogy Logs for improved subsurface characterization
	S1304. Comparing PINN and Numerical Solutions for Heterogeneous and Anisotropic Unconfined Aquifer Systems
	S1305. An Exponential Class of Ensemble based Optimization Algorithms
	S1306. Hydrogeophysical inversions using ensembled smoother with multiple data assimilation
	S1307. Consistency and Causality in Bayesian Inversion Paradigms
	S1308. Global inversion and parametrization for building tomographic velocity models 
	S1309. Geophysical inversion for geological features. 
	S1310. Generative Neural Network driven Full Waveform Inversion
	S1311. A pseudo-Bayesian approach for non-linear seismic inversion
	S1312. An improved method in hydrocarbon resource abundance forecast through analogism based on isometric mapping theory and its preliminary application
	S1313. Cold and hot subduction systems in the Andes: Insights from machine learning calculations of continental and oceanic heat flow in South America

	S14. Geologic Forward Modeling
	S1401. Stratigraphic forward modeling software package for research and education
	S1403. Forward modeling and uncertainty analysis of depositional parameters to support the construction of uncertainty scenarios for probabilisticI modeling in a pre-salt area of the Santos Basin
	S1404. Stochastic Geological Reservoir Modeling based on Concurrent Multistage U-Net Generative Adversarial Network
	S1405. Singularity analysis of morphological and geothermal processes over the mid-ocean ridges
	S1406. Numerical modeling of formation of a porphyry-copper ore shell: implications for the mechanism of metal enrichment
	S1407. Can source area erodibility delay slab break-off signal in a depositional record: insight from stratigraphic forward modelling
	S1408. The control of porphyry magma cooling and crystallization process on mineralization: from the perspective of numerical simulation

	S15. Spatial Association
	S1501. A comparison of spatial prediction methods
	S1502. a multiscale 3D geological model visualization method based on mesh simplification algorithm
	S1503. Sequence Alignment for Automated Drill Hole Correlation 

	S17. Uncertainty Modeling
	S1701. Uncertainty Analyses in Hydrogeology: Review and Applications to NAPL contamination
	S1702. Spectral Methods for Stochastic Surrogate Modeling of Subsurface Flow Dynamics
	S1703. Quantifying CO2 Leakage Uncertainty for Planning Safe Geological Carbon Storages
	S1704. Bayesian uncertainty quantification in pore-scale imaging: how to robustly infer porous media morphological properties through reactive inverse problems? 
	S1705. Conditional Facies Sampling using Denoising Diffusion Probabilistic Model
	S1706. Fractal simulation method and application of oil and gas resource abundance
	S1707. Uncertainty propagation in deep Gaussian process networks
	S1708. Implicit Modelling with GemPy and Spatial Uncertainty Reduction of Potential Nuclear Waste Storage Sites
	S1709. Basin modeling informed Bayesian Networks to update pore pressure prediction with data while drilling
	S1710. Rigid Transformations in Lower-Dimensional Space for Subsurface Uncertainty Quantification and Interpretation 
	S1711. Development of the Transition Risk Analysis Model (TRAM) for Uncertainty Quantification of the Financial Impact of a Carbon-Intensive Company

	S18. Marginal Seas Dynamics and Modeling
	S1801. Hydro-eco-morphodynamics in coastal systems 
	S1802. The 4F numerical model – a solution for past reconstructions and future simulations of coastal dynamics
	S1803. Automatic classification of coastline and prediction of change - an exemplary study for the North Sea and Baltic Sea
	S1804. Holocene paleogeographic reconstruction of the Baltic Sea – data collection, synthesis and modeling
	S1805. Long term monitoring of Southern Baltic Sea, Poland, for future use in modeling
	S1806. A Model area for marginal sea research - the Beibu Gulf, South China Sea
	S1807. Modeling Regional Sedimentary Sequence in the North of South China Sea in Late Pleistocene
	S1808. Modelling of anthropogenic influenced estuarine evolution by using data-driven modelling approach, case study at the Lingding Bay (Pearl River Estuary)
	S1809. Temporal and Spatial Evolution and Numerical Simulation of Sandy Shoreline – A Case Study of Eastern Coast of Laizhou Bay, China
	S1810. Holocene sedimentary distribution and morphological characteristics reworked by the East Asian monsoon dynamics in the Mekong River area, South Vietnam shelf
	S1811. Sedimentary characteristics of seamount-related contourite features at Changjun Seamount in the Beikang Bain, southern South China Sea
	S1812. Ocean Singularity Analysis and Global Heat Flow Prediction Based on Similarity Method
	S1813. Summer flow dynamic characteristics of western boundary currents in the northwestern South China Sea
	S1814. Dynamics of the southern Baltic Sea coastline changes
	S1815. An integrated risk assessment of coastal erosion based on fuzzy set theory along Guangdong coast, southeaster China

	S19. Reservoir Geostatistics for Geo-Energy Applications
	S1901. Simulating Fracture Networks Using Sequential Gaussian Simulation, LightGBM, and Deep Learning Approaches for Geological Data from Kazakhstan
	S1902. Spatial Copula Simulation for the Sweet-Spots Mapping of Shale gas Resources: A Case Study
	S1903. A Recursively Enhanced GRU Model for Real-Time Production Forecasting in Central Montney Shale Gas Reservoirs
	S1904. Efficient Design of Warm-VAPEX using a Neural Network Coupled with a Multi-objective Optimization Algorithm Under Geological Uncertainty at an Oilsands Reservoir
	S1905. Performance Evaluation on CO2 Carbonated Water-Alternating-Gas on Enhanced Oil Recovery and Geological Carbon Storage
	S1906. Prediction method of oil and gas resources spatial distribution based on Bayesian network 
	S1907. Conversion of a Depleted Gas Field into a Geological CO2 Storage Site: A Case Study of the Donghae-1 Gas Field, Republic of Korea
	S1908. Data cross-validation technique to improve the accuracy of geological model in terms of reservoir properties prediction

	S22. Flow simulations in geo-energy applications and gas storage
	S2201. Use of hybrid mesh for flow simulations: application on a North Sea CO2 storage study
	S2202. Rapid Prototyping of Subsurface CO2 Sequestration with Flow Diagnostics
	S2203. How good can graph distances approximate flow and transport simulations in faulted aquifers?
	S2204. Fast Modeling of Fault Leakage during CO2 Storage
	S2205. Sparsified coarse-scale operators for multiscale methods
	S2206. Learning the Solution Operator of Flux Functions for the Parametric Transport Equation in Porous Media Using Physics-Informed DeepONet 
	S2207. Robust Optimization of Brine Extraction Well Placement Using Deep Learning and Fast-Marching Method
	S2208. Value of seismic monitoring of CO2 storage in a multi-layer stratigraphic system
	S2211. Adaptive Timestepping, Linearization, and A Posteriori Error Control for Multiphase Flow of Immiscible Fluids in Porous Media with Wells

	S23. Automated Lithology
	S2301. Quantification of heavy metals in mine tailing blended cementitious samples
	S2302. Combination of automated mineralogy and X-ray computed tomography for the 3D characterization of ore samples.
	S2303. Automated mineralogy using LIBS and deep learning
	S2304. Improved mineralogy from multivariate analysis of data from the Orelog spectrometric logging tool measured at the Erzberg iron ore deposits (Austria)
	S2305. Lithofacies Classification for In-situ Leaching Uranium Mining Deposits using Machine Learning Algorithms

	S24. Real Options in Geosciences
	S2401. Valuing an open pit mine as a portfolio of European call options: assessing the effext of metal price and metal grade uncertainties in an open pit gold mine
	S2402. Practical application of real options valuation: a case for deep-sea mining activities on the Norwegian continental shelf
	S2403. The value of flexibility in geothermal energy investments: an environmental impact driven real options analysis 
	S2404. A Monte Carlo and decision tree approach to Real Options Analysis for CO2 capture and storage
	S2405. Investment planning under uncertainty: a multi-objective real options analysis of offshore platform electrification
	S2406. Decision-support methods for early-phase design of offshore oil and gas fields using model-based optimization and uncertainty quantification 

	S25. Multiple Point Statistics
	S2501. 2D Stochastic Structural Geomodeling with Deep Generative Adversarial Networks
	S2503. Quantifying verbatim copy in MPS simulations using location Maps
	S2504. Reconstructing 3D Overthrust Model by Multiple-point Statistics and Fully Connected Networks Constrained with Geological Knowledge

	S26. Compositional Data Analysis
	S2601. Exploring Hierarchical Clustering of Compositional Variables
	S2602. Geographically weighted regression for compositional data (GWR-CoDA): An application to a geochemical data
	S2603. First-order compositional differential equations in geochemistry: a compositional linear model for world oil characterization
	S2604. Principal component analysis for distributional data with application to particle size distributions

	S27. AI and Geostatistics
	S2701. AI and Geostatistics: Similarities, Differences and Opportunities
	S2702. Some considerations on the usage of compositional data in artificial intelligence
	S2703. Deep autoregressive diffusion models for facies simulation
	S2704. Applications of Machine Learning in Geophysical Frontiers
	S2705. A Spatial-statistical model to analyse historical rutting data
	S2706. Using AUV to measure high gradient zones in a river plume

	Contributions by topic
	Author Index



