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Introduction

PhreeqC [1] is one of the most widely spread, freely available
geochemical computer programs for simulating chemical
reactions.

In this work, an interface has been developed that combines
the key capabilities of PhreeqC and Comsol in a single reactive
transport (RT) simulator.

Implementation

The RT system of equations [8] is solved using the widely
spread Sequential Non lterative Approach (SNIA), which is
based on the Operator Splitting concept. For pros and cons of
SNIA see [6-7].
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SNIA scheme
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Coupling detalls

- Through a Java interface, it uses the Comsol AP| and the
IPhreeqc dynamic library [5]
»  The chemical step is parallelized over multicore processors
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Comsol-PhreeqC Java interface
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Comsol step

Calculate multiphysics problem which
Involves conservative transport
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Code verification

The interface has been extensively verified by comparison of
simulation results of 1D, 2D and 3D benchmark examples
solved with other reactive transport codes.

Concentration of potassium

Quantitative comparison of results between PhreeqC 1D RT and Comsol-
PhreeqC Interface (using a 3D geometry): example number 11 of PhreeqC
manual.

Application case

A 3D RTM in clay material has been simulated to illustrate the
capabilities and the potential of the framework. It consists of
the Thermo-Hydro-Chemical (THC) evolution of a deposition
hole of a spent nuclear fuel repository. Simulations considering
variably saturated flow coupled to chemical reactions and heat
transfer have been performed to study the expected
geochemical evolution of the clay barriers.

water saturation temperature distribution

KX exchanger concentration

Different profiles at 500 years.
The water flows from the left
and iIs not equilibrated with the
residual pore water. Cation
exchange Is one of the
phenomena that can be
observed. Chemical reactions
are affected by the heat
generated by the canister.

Conclusions

* The developed interface combines the key capabilities of
PhreeqC (wide range of chemical reactions) and Comsol
(flexibility to solve all kind of PDE systems)

» Substantial efforts have been devoted to enhance numerical
performance to face highly coupled non-linear THMC
simulations with a large number of elements (around 100k).

» The correctness of the interface has been verified using well-
known benchmarks.
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