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1. Introduction
The moisture and heat transfer processes in clay layers around nuclear waste canisters are an important topic of the underground nuclear waste storages. Due to the heat losses
of the radioactive waste moisture ﬂuxes are induced in the surrounding partly saturated porous media such as clay barriers. These moisture ﬂuxes include the transfer of both
vapor and liquid water that are subject to transport processes due to the temperature gradient resulting in additional hydraulic gradients.
One approach to account for this coupled and nonlinear process is the model of Philip and de Vries [1-3], reducing the complex microscopic phenomena inside unsaturated
porous media to transport phenomena which are macroscopically described by diffusion equations. Models based on this approach are widely used to theoretically describe
the phenomena of coupled heat and mass transfer mechanisms in applications such as in soil physics or energy geotechnics. In recent years we developed a corresponding
modelling approach and experiments to determine all required input parameters as well as experiments to validate the simulations. Besides the previous applications with
energy geotechnics in the shallow subsurface these computational and experimental approaches could also be interesting for the ﬁeld of underground nuclear waste storages.

2. Theory of Coupled Moisture and Heat Transfer

4. Experiments
A modiﬁed evaporation test
according to [4] is used to
obtain the required hydraulic
(water retention and
unsaturated hydraulic
conductivity) characteristics
as well as the water content
dependent thermal
conductivity, often referred to
as thermal conductivity
dryout curve, over a wide
saturation range.
The approach to derive the
transport coefﬁcients from the
evaporation test data was
validated using experimental
setups to directly determine
the different diffusion
coefﬁcients [5].

Pilot scale experiments with
controlled temperature boundary
conditions were performed to
investigate especially the effects at
high thermal gradients [6]. Sensors
were installed inside the specimen
to monitor temperature and matric
suction during the test. The
experimental data of this
experimental setup can be used to
verify coupled moisture and heat
transfer models. At the moment
modiﬁed experiments with
additional control of the hydraulic
boundary conditions are
conducted.

3. Research Scheme

5. Conclusion and Outlook
Within partly saturated clay layers around underground nuclear waste deposits, the
effective heat transfer processes have to be considered as a coupled system of moisture
and heat transfer. Regardless of the modeling approach chosen, the application of
coupled heat and mass transfer models requires sufﬁcient experimental validation.
The presented experiments deliver reliable input parameters for the models as well as
represent high resolution validation experiments. Further modiﬁcations to account
for additional boundary conditions are ongoing.
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