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Abstract. We present an extension of the MUFITS reservoir simulator for modelling the ground displacement and gravity
changes associated with subsurface flows in geologic porous media. Two different methods are implemented for modelling the
ground displacement. The first approach is simple and fast and is based on an analytical solution for the extension source in
semi-infinite elastic medium. Its application is limited to homogeneous reservoirs with a flat Earth surface. The second, more
comprehensive method involves a one-way coupling of MUFITS with a geomechanical code presented for the first time in
this paper. We validate the accuracy of the development by considering a benchmark study of hydrothermal activity at Campi
Flegrei (Italy). We investigate the limitations of the first approach by considering domains for the geomechanical problem that
are larger than those for the fluid flow. Furthermore, we present the results of more complicated simulations in a heterogeneous
subsurface when the assumptions of the first approach are violated. We supplement the study with the executable of the

simulator for further use by the scientific community.

1 Introduction

Reservoir simulation remains an essential area for forecasting various parameters of subsurface exploration and natural flows.
The capabilities of the reservoir simulators, i.e., the computer programs for modelling the flows in geologic porous media,
are constantly improving. The modern simulators can account for additional physical phenomena and technological processes.
For example, the modelling of Darcy flows is often coupled with rather sophisticated approaches for geomechanics, multi-
phase transport in wellbores, and other processes (Fig. 1). More common in petroleum reservoir simulation is the develop-
ment and utilisation of universal software packages allowing for conveniently integrated workflows for coupled thermo-hydro-
mechanical modelling and history matching of the models (Fanchi, 2006).

The numerical modelling of hydrothermal systems differs in several respects from that of petroleum reservoirs (Fig. 1). First,
the flows occur under a much wider range of temperatures. This necessitates the application of sophisticated models accounting
for phase transitions and reactive transport under both low and high temperatures. Also, the plastic deformations of rocks in the
brittle-ductile transition zone of hydrothermal systems should be considered. Secondly, the transport in hydrothermal systems,
especially the natural one, can be observed through a very limited number of parameters. Usually, only observations at the
surface are available. This is incomparable with petroleum reservoirs, where many more observable parameters are available

through extensive drilling and seismic studies. The parameters of heat and mass transfer in hydrothermal systems can be
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Figure 1. Sketch of typical processes in hydrothermal systems (left) and petroleum reservoirs (right). Magma degassing results in a plume of
hot magmatic fluid. Near the surface, the fluid can mix with colder meteoric water. The observation points, where the ground displacement

and gravity changes can be measured, are shown.

estimated by measuring the surface fluxes of magmatic gas and heat. Also, the parameters of the flows can be estimated by
measuring the gravity changes and ground displacement. The periods of unrest of more intense magma degassing into overlying
rocks can result in the fluid density increasing in extended regions leading to significant gravity changes at the surface, which
can be observed by gravimeters mounted on the surface or aircraft (Fig. 1). Similarly, the redistribution of strains and stresses
causes significant ground displacement that can reach tens of centimeters in particular cases (Chiodini et al., 2003; Rinaldi
et al., 2010). Such values of the ground uplift (or subsidence) can be observed by either surface measurements or satellite radar
interferometry.

In the numerical modelling of hydrothermal systems, a common approach for estimating gravity changes and ground dis-
placement assumes the application of different computer programs that are not directly compatible with each other. The fluid
flow is simulated by using hydrodynamic code. Then, the gravity changes are calculated by post-processing the simulation
results in separate code, i.e., by summing the contributions of every grid block to the strength of gravitational field (Todesco,
2009). Such calculations, although very straightforward, can require a significant effort to develop the interface between the
computer programs. A similar approach based on summing the grid block contributions to the magnitude of ground displace-
ment exists for predicting the subsidence or uplift of Earth’s surface (Rinaldi et al., 2011). It also requires considerable efforts

to post-process the simulation results. For ground displacement, a more comprehensive approach assumes the coupling of



