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Introduction

To get a realistic property model of a carbonate geothermal reservoir, the matrix parameters of the
reservoir need to be determined. The only way to get realistic matrix parameters of the reservoir is
with well information. This well information is log data, cores and cuttings. But, how do we get these
parameters by doing petrophysics? In fact there are various petrophysical solutions on the market
which are designed for oil and gas issues. The aim of this paper is to determine which parts of these
solutions are optimal and adaptable for geothermal issues.

Method and Theory

To create an optimal workflow for geothermal issues the workflow should contain the calculation of
porosity, clay content, permeability, lithology, thermal conductivity, thermal capacity and radiogenic
heat generation. After these guidelines, an optimal workflow (Figure 1) is created. We divide the
workflow into three workflow steps: Data input and preparation step, lithology step and calculations
step. For creating this workflow steps the following logdata are available: gamma ray log data,
neutron log data, density log data, photoelectric factor log data, sonic log data and caliper log data.

The first step in the workflow is input and preparation of the available data. This includes log creation
of report information, quality control and curve edit of log data and a quality control and point edit of
core and cuttings. All the preparation tools are shown in the first workflow step in figure 1.

In the second step the lithology of the reservoir is determined. First the clay content is calculated by
using the clay determination equations. A good discussion of these equations is done in Fricke and
Schon 1999. The clay content should be calculated depending on distribution and consolidation of
clay. For determining the lithology the Multi Mineral Analysis (MMA) is used. With this method the
volumes of up to four minerals can be calculated. To run the MMA analysis a density log, a neutron
log and a photo electric factor log is needed. To select the minerals for the MMA several cross plot
possibilities are available, which are discussed by Schlumberger (2007) for different kinds of logdata
and logging tools. The crossplot techniques which are used in our workflow are listed in figure 1.

The third step starts by calculating the porosity. Several possibilites of porosity calculation exist. For
our workflow the density porosity is selected, because the matrix grain density is already obtained
from the MMA and so the density porosity can be reached easily. To get the effective porosity the
volume of clay is taken into account. Next step in our workflow is the permeability determination.
After Lucia (2007) there is no linear relationship between porosity and permeability in carbonatic
reservoirs, unless pore-size distribution is included. Therefore thin sections and core analysis are
necessary to classify the rock fabrics. Lucia (2007) discusses the rock fabric classifications. After
clustering the rock fabrics, multilinear regressions after Lucia et al. (2001) and Jennings and Lucia
(2003) should be used to calculate the permeabilities. In parallel to the permeability calculation the
calculation of heat capacity, of thermal conductivity, and of radiogenic heat generation can be started.
Obtained from the MMA the thermal parmeters in the reservoir can be calculated by knowing the
thermal parameters of each mineral. This information is taken from literature. Clauser and Huenges
(1995), Clauser (2006) and Cermak and Rybach (1982) discuss the thermal properties of rock forming
minerals. To calculate the thermal conductivity and the thermal capacity the Voigt — Reuss — Hill
(1982) assumption can be used. The radiogenic heat generation can be calculated by the equation of
Cermak and Rybach (1982).
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Figure 1 Steps of the created petrophysical workflow for geothermal reservoirs: Step 1 covers the
data input and preparation of available data; Step 2 covers the petrophysical determination of
available data; Step 3 covers the calculations of the properties for the property model.
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Example

The above described workflow is applied on an example well (Demonstration well 1) of a geothermal
project in the Bavarian Molasse. The log plot which is displayed in figure 2 consists of 8 tracks: Track
1 till track 5 show the edited raw logs of the reservoir. Track 5 shows the results of the MMA. The
selected minerals for the MMA are limestone, dolomite anhydrite, and pyrite. Further, track 5 shows
the calculated porosity curve and the calculated clay curve. Track 6 and track 7 show the results of
thermal parameters calculation. All steps including the MMA are done with the software Interactive
Petrophysics (Senergy).
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Figure 2 Logplot of the results of the petrophysical workflow of a geothermal reservoir in the
Bavarian Molasse. Track 2 to track 5 shows the quality controlled rawlogs of Photoelectric Factor
(PEF), Gamma Ray (GR), Spontaneous Potential (SP) and of Caliper (Cali_2), Resistivity deep (RD),
Resistivity shallow (RS), Neutron (NPHI), Density (RHOB), Sonic (DT) Core grain densities
(CHROM);track 6 shows the effective porosity (PHIE), the volume of shale (VSH) , the volume of
dolomite (VDol), the volume of limestone (VLime), the volume of anhydrate (VAnh) the volume of
pyrite (VPyr) and the core porosities (CPOR); track 7 shows the calculated thermal parameter
thermal conductivity (Lam_Reuss, Lam_Voigt, Lam_Hill) and thermal capacity (C); track 8 shows the
radiogenic heat generation (A).
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Conclusions

The workflow shows that the Multi Mineral Analysis (MMA) is a useful tool for geothermal issues.
For example it enhances the values of porosity and dissolves the systematic underestimation of
porosities in carbonate reservoirs where pyrite or heavy minerals are present. Another advantage of
the MMA is an enhancement of the estimation of thermal conductivity, thermal capacity and
radiogenic heat generation in a geothermal reservoir.

The workflow considers an interaction between reports, logs, cores and cuttings. As intensive an
interaction is, as precisely the results of petrophysical determinations are. The whole workflow is
based on lithology. Therefore a good quality control at the beginning is essential for useful and
realistic results.
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