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Abstract 
 

Safety studies in a subsurface environment and in an underground waste disposal necessitate 
numerical tools for reactive transport modelling. In these systems, hydrogeological and chemical 
processes are closely related and their interdependency must be analysed to study migration of species. 

 
We will illustrate here the capacities of the Alliances tool to simulate such a phenomenology by 

studying the evolution of a clay/cement interface over time. 



Introduction 
 
One mission of Andra and CEA is to contribute to both national and international R&D projects 

related to radioactive waste management through the 1991 act on research in radioactive waste 
management. Andra is involved in deep repositories for Long-Lived High Level radioactive waste 
(HLW-LL) while the CEA is involved in long term storage. Andra will submit a report including 
proposals for HLW-LL disposal in deep geological formation to the French government by 2006. 
Therefore, safety studies have to be provided which involve numerical simulations. Stating the lack of 
numerical tools in this field, Andra and CEA decided to launch the Alliances project, which aim is to 
create an user friendly numerical tool enabling the simulation of multi-phenomenology through 
numerical couplings. Among those ones, it has been decided to promote the transport chemistry 
coupling in a multidimensional space. The goal of this presentation is to give an overview of this 
coupling on a practical interface clay/cement study in one and two dimensions of space. 

 
Chemistry-Transport coupling 

 
One-dimensional tools are now common in the field of geochemistry simulations. Here main 

drawback is that mixing and dilution can be only roughly approximated with one dimension of space. 
Neglect of transverse dispersion will naturally lead to an overestimate of hazards plume. Mixing 
diluting will usually conduct to pH neutralisation and thus, conduct to sorption increasing of toxics. 

 
The goal being defined, the two main employed software to build up a multidimensional tool 

have been chosen, namely PhreeqC and Chess for chemistry. A common model has been developed 
which aim is to allow models comparison while switching between the chemistry tools. For transport, 
Castem and Mt3d 99 have been introduced with the same philosophy of structure. It is worth noting 
that other tools could be introduced, the only requirement being to satisfy the specific datamodel and 
building up the appropriate methods. 

 

For the chemistry, the phenomenology which can be involved includes: 
- Speciation 

- Ion exchange 

- Surface complexation 

- Oxydo-reduction 

- Kinetic laws 

For the transport, parabolic equations with advection / diffusion / dispersion terms are taken into 
account, the convection / diffusion/ dispersion operator L being: 
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jQ represents the source term obtained through speciation, N the number of involved species and 

φ  the porosity. It is worth noting in this expression that, due to the formulation of the problem in 

terms of component species, D  must be constant for all component species j. 



The coupling of the two phenomena occurs through a well known two steps operator splitting 
technique. Using a  non-iterative scheme, the convergence is ensured by the numerical stability 
criterion, while in the case of an iterative Picard algorithm, higher time step can be used. Other 
algorithms will come to enrich the structure, using different set of unknowns. They need a specific 
formulation for the chemistry and are planned to be introduced in the second version of the platform. 

 
User interface 

 
Building up the case is enabled through two ways of use. First, the user can use the python 

interpreter to write down its simulation case. To illustrate this, the introduction of an aqueous solution 
through the datamodel is to be seen here: 

 
pH=7.5  
pe=-5.217 
argile=ChemicalStateDefinition("clay") 
listofaqueousC_clay =  

[("Al",2.560e-6,("C",1.347e-03,("Ca",3.706e-04,("Cl",0.00e-03), 
("Fe",1.918e-06), K",8.998e-05,("Mg",2.711e-04), ("Na",7.300e-03, 
("S",1.697e-06), ("Si",1.146e-04)] 

argile.setAqueouState(listofaqueousC_argile,pH,pe) 
 
The second way is to use the user window interface where each element of the datamodel is let 

accessible through widgets. The same example as for the python interpreter is to be seen on figure one: 

 

 

It is also worth noting that the interface can be used as a python wrapper to define the case, the 
python itself being accessible for modification by the user in a batch mode. 

 



Qualification and deliverables 
 
Qualification cases have been built up to define the platform application field. It has been defined 

with one and two dimensional cases enabling a comparison with analytic solutions or an 
intercomparison with other reactive transport codes, It will be conducted over the first semester of 
2003 and version 1 will be made available at this time. This qualification period will be followed by a 
validation period conducted on practical multidimensional cases. 

 
Clay-Cement Interface 

 
To illustrate this in the chemistry coupling field, we focus on a clay / cement interface with an ion 

exchange linked to the Ca-montmorillonite. This case has been defined at Andra to be used as a 
reference test case for chemistry coupling validation. 

 
The whole case is built up in terms of chemistry by going through two steps : 
- database modifications and additions; 
- aqueous states definition. 
 

 Clay   Cement   
 Minerals   Minerals   
 Ca-Montmorillonite 4.0 mol/l Jennite 6.0 mol/l 
 Illite 3.0 mol/l Portlandite 2.0 mol/l 
 Calcite 1.0 mol/l Tobermorite 1.0 mol/l 
 Quartz 1.0 mol/l Ettringite 0.4 mol/l 
 FeS(ppt) 0.5 mol/l Hydrogenat 0.4 mol/l 
 Dolomite 0.25 mol/l Monosulfo-aluminate 0.1 mol/l 
 Siderite 0.25 mol/l C4AH13 0.1 mol/l 
 Sylvite 0.0073 mol/l Sylvite 0.022 mol/l 
 Halite 0.0073 mol/l Halite 0.008 mol/l 
    FeS(ppt) 0.0001 mol/l 
 Aqueous solution   Aqueous Solution   
 PH 8.390  pH 12.488  
 Pe -5.217  pe -6.678  
 Al 2.56e-6 mol/l Al 1.317e-5 mol/l 
 C 1.347e-3 mol/l   mol/l 
 Ca 3.706e-4 mol/l Ca 2.054e-2 mol/l 
 Cl 7.3e-3 mol/l Cl 2.982e-2 mol/l 
 Fe 1.918e-6 mol/l   mol/l 
 K 8.998e-5 mol/l K 2.187e-2 mol/l 
 Mg 2.711e-4 mol/l   mol/l 
 Na 7.3e-3 mol/l Na 7.952e-3 mol/l 
 S 1.697e-6 mol/l S 2.833e-5 mol/l 
 Si 1.146e-4 mol/l Si 5.527e-7 mol/l 

 
For the transport, we have to define the geometry, its meshing and thereafter the physical and 

numerical transport characteristics. 
 
Looking at results, cf. figure 2 as an illustration of them, we see a good agreement between 

platform results and whose of PhreeqC with it’s own internal coupling. The clay/cement interface is 
reproduced with the same accuracy. 



This simulation enables to point out the formation of reaction fronts in both zones: clay minerals 
dissolution, calcite and chabazite formation at the interface; portlandite and jennite dissolution in the 
cement zone, and instabilities associated to montmorillonite before its complete dissolution.  

 
Similar evaluations have been made with convection driven flows. 
 
PhreeqC Results Coupling tool results  
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