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Thanks to the recent progress in numerical methods, the application fields of artificial intelligence

(AI) and machine learning methods (ML) are growing at a very fast pace. The EURAD (European

Joint Programme on Radioactive Waste Management) community has recently started using ML

for a) acceleration of numerical simulations, b) improvement of multiscale and multiphysics

couplings efficiency, c) uncertainty quantification and sensitivity analysis. A number of case studies

indicate that use of ML based approaches leads to overall acceleration of geochemical and

reactive transport simulations from one to four orders of magnitude. The achieved speed-up

depends on the chemical system, simulation code, problem formulation and the research

question to be answered. Within EURAD-DONUT (Development and Improvement Of Numerical

methods and Tools for modelling coupled processes), a benchmark is on-going to coordinate the

relevant activities and to test a variety of ML techniques for geochemistry and reactive transport

simulations in the framework of radioactive waste disposal. It aims at benchmarking several

widely used geochemical codes, at generating high-quality geochemical data for training/validation

of existing/new methodologies, and at providing basic guidelines about the benefits, drawbacks,

and current limitations of using ML techniques.

A joint effort has resulted in the definition of benchmarks of which one is presented here. The

benchmark system is relevant to the sorption of U in claystone formations (e.g. Callovo-Oxfordian,

Opalinus or Boom clay). Regarding the chemical complexity, a system containing Na-Cl-U-H-O is

considered as the base case, and a more complex system with the addition of calcium and

carbonate (CO2) to change aqueous speciation of U. Parameters of interest, among others, are the

resulting concentrations of U sorbed on edges (surface complexes), of U on ion exchange sites,

and the amount of metaSchoepite, with the resulting Kd’s. Following aspects are discussed: (i)

Streamline the production of high-quality consistent training datasets, using the most popular

geochemical solvers (PHREEQC, ORCHESTRA and GEMS). (ii) The use of different methods (e.g.

Deep Neural Networks, Polynomial Chaos Expansion, Gaussian Processes, Active Learning, and

other techniques to learn from the generated data. (iii) Setup appropriate metrics for the critical

evaluation of the accuracy of ML models. (iv) Testing the accuracy of predictions for geochemical

and reactive transport calculations. 
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