
Tracer diffusion in Opalinus clay during a thermal gradient

Jaime Garibay-Rodriguez, Renchao Lu, Vanessa Montoya

November 5, 2020

1 Overview

The diffusion of a non-reactive tracer in Opalinus Clay subject to a non-constant temperature field is
evaluated with OGS-6. The temperature dependency over the diffusion process is captured in a two-
step model strategy. First, the temperature field is obtained by simulating the heating of the domain
for a period of one year. It is assumed that a quasi-stable temperature field is attained during this
period. Second, the temperature-dependent diffusion coefficients are calculated with the temperature
field of step one. With this, a new model is set up to obtain the concentration profile of a non-reactive
tracer over the same domain and period of time. Note that, in this case, isotropic diffusion is assumed
in this example.

2 Numerical approach and model setup

The benchmark follows the ‘HT’ process (see HT-Process.pdf) in a first model to generate a temper-
ature field (TemperatureField.prj). A 8 x 4 m 2D domain is selected with finer elements on the left
side (borehole) for which a Dirichlet boundary condition is applied with a temperature of 353.15 K on
the upper half (2 m). The initial temperature of the porous media is 289.15 K (see Figure 1) and all
the other boundaries are defined as Neumann (no-flux). Opalinus Clay is selected as porous media
and full saturation and instantaneous thermal equilibrium with its porewater is assumed. Properties
of the Opalinus clay used in the first-step model are shown in Table 1.

In a second step, a non-reactive tracer is diffused through the domain with a initial concentration of
1× 10−8 mol/L over 1 m located at the left boundary (see Figure 1). For the second-step model, the
‘ComponentTransport’ process in OGS-6 is used (see HC-Process.pdf).

Parameter Description Value Unit
φ Porosity 0.15 -

ρclay Dry bulk density 2720 kg m−3

cp clay Specific heat capacity 800 J kg−1 K−1

kclay Thermal conductivity 0.955 W m−1 K−1

Table 1: Parameters of the porous media (Opalinus Clay).

The 0 ≤ x ≤ 8 and 0 ≤ y ≤ 4 triangle mesh with finer elements close to the borehole lateral (left-
boundary) is used to i) avoid numerical errors and ii) to gain favorable computational performance.
An implicit Euler scheme is used for the time discretization with a time horizon of 1 y and fixed time
steps of 1 d.
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https://www.opengeosys.org/docs/benchmarks/hydro-thermal/HT-Process.pdf
https://www.opengeosys.org/docs/benchmarks/hydro-component/HC-Process.pdf
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Figure 1: Representation of the model setup.

The pore diffusion coefficients (D) used in the model are scalar functions of the temperature in each
element. Arrhenius equation is used as relationship between the effective diffusion coefficient and
the temperature [1]:

D(T2) = D(T1) exp

[
Ea

R

(
1

T1
− 1

T2

)]
(1)

where Ea = 17000 J/mol is the activation energy corresponding to bulk water [2] andR is the universal
gas constant and equal to 8.314 J/(K mol). A value of D(298.15 K) = 2× 10−11 m2 s−1 is used for the
calculations.

The nodal temperature output is used to compute element-wise diffusion coefficients for the domain.
This is implemented in ParaView by using a ‘Python calculator’ filter where the Arrhenius equation
is used as a scalar function of temperature. Afterwards, an additional ‘Point data to cell data’ Par-
aView filter is used to carry out the element-wise interpolation of the diffusion coefficients. The
newly generated mesh is then used in the TemperatureField_transport.prj model as input for the
temperature-dependent molecular diffusion parameters.

3 Results

Figure 2 shows both, the temperature field (top) and the concentration profile in the Opalinus-Clay
porewater (bottom) computed after 1 year. The results clearly shown that the diffusion of the tracer is
confined into the “Borehole-Clay interface”. The tracer penetrates at ≈ 0.2 m in the x direction when
measured in the center of the diffusion range boundary. Recall that isotropic diffusion is assumed in
this example.

2



Figure 2: Temperature (top) and tracer concentration (bottom) profiles at 1 y.

4 Domain size sensitivity analysis

A sufficient domain size was used in this exercise to neglect the effect of the no-flux boundary con-
ditions on the temperature profile. However, the top, bottom and right boundaries do have a small
effect on the computed temperature profile (i.e., temperature at the right boundary is different than
the initial temperature). Nonetheless, the size of the domain in this benchmark was selected due to
its favorable computational properties.

For comparison purposes, Figure 3 shows the temperature profiles (along a line in the center of the
diffusion boundary) for the 8 x 4 m domain used in this description and a bigger domain size (10
x 15 m), which is of sufficient dimensions to neglect the Neumann boundaries on the temperature
profile. Using the bigger domain size results in a computational time more than 5 times greater than
the current benchmark. In Figure 3, however, note that the temperature difference between the two
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cases is minimal at the diffusion zone of the tracer (0 - 0.2 m).

Figure 3: Temperature profiles for different domain sizes at the center of the diffusion boundary.
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