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The reservoir rock in subsurface applications such as geothermal or hydrocarbon reservoirs, geological carbon
sequestration or nuclear waste deposition is often fractured. When fractures are present, they can potentially
dominate flow and transport in those applications. It is therefore necessary to characterize the relevant frac-
ture parameters, particularly the fracture apertures, as good as possible to reliably predict performance and
assess risks. However, direct measurement of fracture parameters is difficult. Usually, only data from sparsely
located wells and seismic measurements is available. Therefore, indirect methods such as outcrop analogues,
geological models and production data become crucial.

Ensemble-based data assimilation is a widely used technique in subsurface applications to match production
history, reduce uncertainties in model parameters and improve simulation results. In this work, we use the
ensemble smoother with multiple data assimilation (ES-MDA) (Emerick & Reynolds, 2013). As an iterative
ensemble smoother, ES-MDA is suited for (at least weakly) nonlinear systems (Evensen, 2018) and various
studies have successfully applied it for reservoir characterization (e.g. Emerick, 2016; Ranazzi & Sampaio
2019; Todaro et al., 2021).

In this study, we use a 2D fracture geometry with more than 3500 individual fractures obtained from aerial
photographs of an outcrop (Odling, 1997). We therefore assume that the fracture geometry is known a priori
except for the fracture apertures. In our model, each fracture has a different aperture which is constant over
the fracture length. We consider a scenario where all fractures have an initial fracture aperture which is a
function of the fracture roughness. We then apply a constant far field stress, such that fractures open due
to shear dilation and close due to normal stress. The exact fracture apertures are however unknown due to
uncertain model parameters (e.g. fracture roughness or rock properties).

We use ES-MDA based on flow and transport data to reduce the uncertainties regarding fracture apertures
and study the influence of the prior ensemble on the performance of the data assimilation framework. Cal-
culating the individual realisations of the prior ensemble with a geomechanical simulator is expensive. A
purely stochastic approach on the other hand does not incorporate all geological knowledge. As a compro-
mise between those two methods, we propose to generate the prior ensemble based on geomechanical far
field approximations which do not rely on geomechanical simulations, while geological knowledge still is in-
corporated to some degree. Compared to the purely stochastic approach we expect that the required number
of realisations is smaller, if such a prior ensemble is employed, since it tends to be closer to the reference.
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