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The Meuse/Haute-Marne site covers an area of approximately 250 km2 and it is located in the eastern part
of the Paris Basin (200 000 km2). The Callovo-Oxfordian clay formation, which is found throughout the
Paris Basin, is considered as a potential host rock for France’s high- and intermediate-level long-lived
radioactive waste. At the project site (the Sector area), the Callovo-Oxfordian Formation is encountered at
a depth of roughly 500 m, with a minimum thickness of approximately 130 m and a very low (on the order
of 10-14 m/s) hydraulic conductivity. The Callovo-Oxfordian layer is confined between an overlying
limestone aquifer of Jurassic-Oxfordian age and an underlying limestone of Jurassic-Dogger age.

Analyses of the possible transfer of solute from the host formation into the surrounding aquifer system
during the next million of years are required for safety calculations. These analyses are based on estimates
of the future geomorphologic (ARAMINES 2008) and climatic (LSCE 2009) evolution of the area and on
calculations of the future evolution of groundwater flow and solute transport behaviour in the units
surrounding the Callovo-Oxfordian clay.

To support the analyses of the future regional and local hydrogeological evolutions, a single-continuum
multi-scale hydrogeological model of the Paris Basin and the Meuse/Haute-Marne sector has been
developed (Andra 2009). The model represents 27 hydrogeological units at the scale of the Paris Basin,
and it is refined at the scale of the studied domain (the Sector area) to represent 27 different layers that
range in age from Trias to Jurassic-Portlandien (IFP 2004). The model has been calibrated to observed
hydraulic heads. The present work deals with permafrost generation and retreat during a glacial cycle and
the resulting consequences on the groundwater flow patterns within the Meuse/Haute-Marne aquifer
system. The conceptual model of permafrost generation is that the pore water is frozen to create ice within
the available pore volume (i.e. solid matrix, ice and fresh water). The pore waters are assumed to be fresh
(zero salinity) and the rate of ice production or melting is determined by hydrodynamic and thermodynamic
parameters.

A coupled groundwater flow and heat transport description has been developed. Simulations have been
conducted with the GEOAN code (Holmén 2009), which simulates three-dimensional fluid flow and heat
transport in a heterogeneous porous media. The model uses a finite difference method to solve the coupled
flow and heat equations, with rectangular blocks used to describe the bedrock units within the simulation
domain. A large three-dimensional model has been established that covers the entire Paris basin; the model
includes geological layers from Trias to Tertiaire stage and the model has the highest numerical resolution
in the studied Sector area. The model is solved for groundwater pressure and flow as well as for
temperature and heat flow (accounting for both conduction and convection); all these properties are
coupled in the GEOAN model. The studied time period corresponds to what is thought to be a typical
glacial / interglacial cycle at northern European latitudes. A build-up of a superficial glacial ice mass is
not included in the model; it is assumed that accumulated snow will melt during the summer. For the
temperature calculations, the boundary condition on top of the model is specified as a time-varying surface
soil temperature; the specified soil temperatures are calculated from estimated air temperatures,
topographic elevations and angles of topographic slopes towards the sun. The presence of large surface
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water flows (i.e. rivers and lakes) was also considered in the determination of the surface soil temperature
(GOLDER 2008).

In the model the amount of ice and permafrost in the subsurface will influence the groundwater pressure
and flow, especially near the ground surface. The principle effect of permafrost is to reduce porosity and
permeability; however, the presence of ice and low temperatures in the subsurface will also affect the
density and viscosity of groundwater.

Variability in the location and amount of permafrost will affect the localisation of groundwater recharge
and discharge areas, especially as fully-frozen soil/rock is impermeable. Permafrost may significantly
change the groundwater flow pattern, also on a regional scale. Important aspects of the modelling are the
number, locations, and sizes of areas free of permafrost. Several different sensitivity cases have been
studied, focusing on the larger rivers as areas where there will be no permafrost.

The calculated future groundwater flow field in the Sector area has been analysed through particle tracking
and by use of transport of solutes (advection/dispersion), considering the changing groundwater flow field
during the studied time period of the glacial cycle. The results of the study include the development of
groundwater temperature profiles, estimation of the depth of permafrost, and development of the
groundwater flow field (magnitude and direction).
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