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parameters were generated using a Monte Carlo approach, typically preferred in complex simulations
due to its efficiency in exploring a multi-dimensional parameter space.

Table 1. Parameters included in the Golem app for hydraulic simulations
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This study focuses on inversely estimating the hydraulic properties of a complex reservoir Fluid viscosity Fluid modulus Buildup duration
characterized by two fault systems including the fracture zones around them, three matrix blocks, After constructing and running the simulated pumping tests, the transient flow regimes were
and six deep geothermal wells (Figure 1). This is done by calibrating simulated pumping tests with compared to those of the real-world pumping tests, through the pressure history and the Bourdet
real-world ones conducted in the six wells. To calibrate the model, a large number of Monte Carlo derivative (Bourdet 1989) curves of both tests. Interference tests, a form of multi-well tests, took
simulated pumping tests were conducted to allow enough parameter combinations to match the place in our study site, i.e,, when one well was in production (active well), pressure was measured at
real pumping tests. After running the simulations on a well, the pressure measurements recorded at the surrounding wells (observational wells). These tests are sensitive to reservoir heterogeneity and
the surrounding wells are compared with the real-world interference tests to validate the model. they are very helpful in assessing the well-to-well pressure communication (Kamal 1983). For these
Pressure history, Bourdet derivative, and interference curves were plotted for all the runs and the reasons, the interference tests are used in our multi-well study after a fit of the pressure history and
fitting simulations were ultimately derived based on the visualization of these curves. Finally, the the Bourdet derivative curves is achieved between a simulation and the real-world pumping test.
calibrated and validated model, which forms the basis for conducting predictive simulations, can be This process was repeated for all active wells until matching slopes of the pressures of the
further used in sensitivity and parametric studies. observational wells (between simulated and real wells) were realized.

Results

After several thousand simulation runs of single-well pumping tests, We found multiple simulations
with a combination of hydraulic parameters that resulted in very close fits of pumping pressure curves
s | and build-up analysis curves. In Figure 2 we show an example of these successful simulations.
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Figure 1: Reservoir components
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Figure 3: Left: Pumping pressure curve of measured Vs simulated pumping tests. Right: Pressure change and Bourdet
derivative curves during the recovery phase.

The mean error percentage of the pressure curve for this simulation is around 0.67%.

However, best-fitting curves of pressure, pressure change, and Bourdet derivative can not be the only
indication of a well-calibrated model as these similarities in the curves could also result from multiple
combinations of hydraulic parameters (mainly transmissivity and specific storage). This is why we
compare the pressure readings at the surrounding observational wells when one well is in production
as shown in Figure 3.
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* An approximately 500 m thick reservoir is separated by two faults into three matrix blocks. RS S
« Each fault core is surrounded by a fault zone of 70 m. : o '
« Two wells in each matrix block, with a total of six wells.
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Figure 4: Each plot represents the dP and DER curves of a
simulated well blue and red, respectively, vs those of the
real well, green and purple, respectively.
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The tool MeshIT uses Triangle (http://
www.cs.cmu.edu/~quake/triangle.html) and
Tetgen (http://tetgen.berlios.de/) to
generate a quality tetrahedral mesh based
on structur geological informations.This
procedure is fully automized and needs at
least scattered data point as input! Current

Blocher, G., & Cacace, M. (2013). Meshlt - A software for three
dimensional geometric modelling of complex fractured
geological systems. Computers and Geosciences.

For the three wells, pressure change and Bourdet derivatives curves are in good alignment with the
”’Para VieW real data, especially after enough time has passed from the start of the pumping since it takes some

develapers: Mauro Cacace and Guldo time for the observational wells to detect pressure change resulting from the test..
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These results can be then cross-checked with the other surrounding wells when each of them is solely
active, i.e. undergoing a pumping test, and the pressure is recorded at the surrounding wells.

In this study, our numerical approach is comprised of using a combination of open-source tools
including the numerical Multiphysics simulator Moose framework (Gaston et al. 2009), the finite-

element reservoir simulation app GOLEM (Cacace and Jacquey 2017), the visualization-plus-pre-/post- CODCIUSiOIlS

processing-tool Paraview (Ahrens et al. 2005), and the unstructured tetrahedral mesh generator

MeshIT (Blocher et al. 2015). Together these tools allow for a continuum approach together with state- In a multi-well site, the use of pumping and interference tests together with a suitable combination
of-the-art numerical solvers and preconditioners, as well as parallelization capacities, suitable for high- of tools and sufficient computing power can effectively estimate the hydraulic parameters of a highly
performance supercomputers (Konrad et al. 2019). Since a large number of simulations is needed to complex reservoir. In addition, the resultant parameter ranges from the calibration process of the
satisfy enough parameter combinations for calibration, the open-source geostatistical tool RAVEN simulated pumping tests can be further used for parametric studies

(Alfonsi et al. 2017) is used along with the available HPC cluster [LRZ Linux cluster (Leibniz-
Rechenzentrum 2017)].

Spatial data for constructing the model were obtained from picked data points of the reservoir
boundaries and main faults provided by 3D seismic surveys done in Munich city and were
implemented in MeshIT to construct the mesh. The MOOSE simulator app GOLEM was then used to
simulate pumping tests where the production conditions, the global parameters, and the water-table
depths were adjusted to match that of the real-world pumping tests while changing the specific
storage and the transmissivity of the rock matrices and the faults. Bohnsack et al. (2020) used
different experimental methods and well-log data to provide the range of permeability and porosity
values used in the simulations while information about the fluid properties was obtained from the
NIST Chemistry Webbook (Lemmon et al. 2018) and McCain et al. (2011). A list of the parameters
included in the GOLEM app is shown in Table 1. Using RAVEN, simulations with varying reservoir
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