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ABSTRACT

To improve the development of shallow geothermal resources and underground heat storage
facilities, a new data base of thermal conductivity (&), heat capacity (cp) and bulk rock
density (p) was compiled for Tertiary sediments of the Swiss Molasse Basin (uppermost
500 m). Laboratory measurements from boreholes and outcrops were used to calibrate
empirical relationships between geophysical wireline logs and geothermal parameters. For
five different lithologies in three Molasse groups (Lower Freshwater Molasse USM, Upper
Marine Molasse OMM and Upper Freshwater Molasse OSM) linear relationships with
specific coefficients could be derived. Thermal conductivity can be calculated as a direct
function of sonic velocity, whereas heat capacity depends on bulk density. Application of
these new empirical laws at locations with only wireline logs, allowed to increase the
previously available data density by a factor three. The software tool SWEWS facilitatesthe
evaluation of the data base for any location in the Swiss Molasse Basin. Based on the
information of an input spread sheet (Swiss coordinates, elevation, bed thickness, lithology)
the program extracts the appropriate thermal properties with error estimates. The thermal
conductivity and the specific heat capacity for each bed, as well as the depth dependent
temperature, can be exported or displayed graphically.

The statistical evaluation of all data illustrates the regional variation of the petrophysical
and geothermal parameters. For most data groups bulk rock density and thermal
conductivity increase, whereas heat capacity decreases in the direction towards the Alpine
front. Thermal conductivity shows a distinct increase with depth. This new data base allows
more precise heat extraction/storage model simulations for planned geothermal facilities.
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1. Laboratory measurements

On over 230 new samples from outcrops, cores and cuttings extensive laboratory
measurements of thermal conductivity, specific heat capacity and bulk density were carried
out (figure 1). Thermal conductivity of core samples was measured with a Quick Thermal
Conductivity Meter (QTM) and of cutting samples with a modified TK04 equipment. For
the specific heat capacity measurements on cuttings a new high precision measuring device
was developed at the ETH-Ziirich (Schirli & Rybach, in preparation).
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Figure 1: Study area and sample locations.

2. Geophysical log evaluation

Several empirical relationships between geophysical log parameters and thermal
conductivity (Blackwell & Steele 1989, Evans 1977, Goss & Combs 1976, Schon 1996) or
heat capacity (Kersten 1949, Sattel 1982) have been proposed in the past. Such
relationships are very sensitive to lithological or diagenetic characteristics of a specific
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sedimentary basin. The new data base of laboratory measurements was used to derive
calibrated linear relationships applicable for the uppermost 500 m of the Swiss Molasse
Basin (Leu et al. 1999a).

For the thermal conductivity best results were obtained with a simple linear relationship to
the sonic velocity derived from the sonic log (see equation 1).

/1wg =4-v, (forced through origin) ey
with;

Awg: thermal conductivityof water saturatedrock [W/mK]

A: constant factor specificfor lithology and Molasse group

V! sonic velocity from geophysical log [kmv/s]

The constant factor A was adjusted for each lithology within the different stratigraphic
Molasse groups. The results for one data group are shown in figure 2.
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Figure 2: Comparison of measured (laboratory) and calculated (Sonic log;) thermal
conductivityfor the mudstone/siltstone data group (OSM = Upper freshwater Molasse,
USM =Lower Freshwater Molasse, correlation line with 4=1.0).
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Specific heat capacity was calculated with equation (2). Based on a comparison of
laboratory measurements and well log parameters a negative linear relationship with bulk
rock density was observed (figure 3).

¢,, =B+C-RHOB,, @
with:

Cug! specific heat capacity for water saturated sample [J/kgK]

B, C: constant factors specific for lithology and Molasse group

RHOBy,g:  bulk rock density from geophysical log [kg/m*]

2000 l ! !
Sandstones (fine-coarse)

1800

L

1600

1400

1200

1000

g

¢, cores/cuttings [J/kgK)

800 |

600

2000 l 2200 I 2400 I 2600 l 2800 ' 3000
Bulk density RHOB,  [kg/m]

iog

Figure 3: Relation between specific heat capacity measured in the laboratory and log-
derived bulk density (RHOB,g) of sandy Molasse sediments (B=3482,
C=-0.904).

3. Thermal property trends Swiss Molasse Basin

The statistical evaluation of all data (laboratory and derived from well logs) demonstrates
that geothermal properties are a function of lithology, diagenetic overprintand stratigraphic
unit (figure 4). For most data groups bulk rock density and thermal conductivity increase in
the direction towards the Alpine front (figure 5). Specific heat capacity decreases in general
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in the same direction. Only thermal conductivity shows a distinct increase with depth,
independent of lithology or Molasse group.
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Figure 4: Arithmetic mean (symbols) and standard deviation of thermal properties for
different Molasse groups and rock types (sst. =sandstone).
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Figure 5: Regional trend of thermal conductivity of mud- and siltstones in the Lower
Freshwater Molasse (USM). Crosses mark sample points for this data group (Swiss
coordinates).

4. Software evaluation tool SWEWS

To facilitate the evaluation of the new comprehensive data base the PC software tool
SWEWS was developed as a Microsoft-Access (runtime version) application (Leu et al.
1999b). The software allows the analysis of a specific depth profile defined by the user.
Based on the input for the stratal model (location coordinates, thickness, lithology) the
program calculates the geothermal parameters for each horizon together with a temperature
profile. The results can be analysed in various tables and a graphic display (figure 6).The
data can also be exported for further use in a common ASCII format. The software provides
extensive help features with examples and typical values for Quaternary sediments
overlying the Molasse sediments.
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SwEWS (Version 1.0), Geothermische Stoffwerte Molassegesteine
Lokalitat: Winterthur (Demo)
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Figure 6: Thermalproperty profile derived from data basefor user-specific location in the
Molasse Basin. The geological profile has to be defined by the user.
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