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The flow of water in many aquifers is driven by strong anisotropy created by preferential flow features such as
cracks and faults. This anisotropy can be modelled by introducing anisotropic hydraulic conductivity tensor (AHC)
into the equations of poroelasticity. Our overall goal is to assimilate InSAR remote sensing data into a model of
an aquifer system in order to infer information about AHC.
Previous studies have modelled the hydraulic conductivity as a spatially varying isotropic Gaussian process (Al-
ghamdi et al. 2020). In this work we develop a flexible stochastic prior model of the AHC tensor that respects its
underlying symmetry and positive definiteness. Our method for calibrating and constructing a random model for
the AHC tensor consists of three steps; 1) We fit a Bayesian model consisting of a mixture of circular von Mises
distributions to fracture outcrop data. 2) We fit a Bayesian model of two independent log-normals to existing
estimates of the hydraulic conductivity in the principal directions. Then in the last step 3) these stochastic models
are then simultaneously fed into an extended version of the model by Shivanand et al. (2024) for constructing
random symmetric positive definite tensors. This model leverages the spectral decomposition to enable the sep-
arate encoding of size and orientation. The overall methodology is demonstrated via a stochastic finite element
model of the Anderson Junction aquifer test developed in our previous study (Salehian et al. 2024) following the
aquifer pumping test described in Heilweil and Hsieh (2006).

https://fenicsproject.org/fenics-2024/
https://www.simula.no/
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