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Abstract: This article presents a method for determining in-situ ground apparent thermal diffusivity
based on heat transfer by conduction.
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1. Introduction

Thermal diffusivity of the ground is fundamental parameter in the design of shallow geothermal
plants, and the determination of this has been the subject of many research projects and scientific
publications.

The thermal diffusivity of soils and rocks can be obtained from laboratory experiments which
however, often yield unsatisfactory results since they usually deal with a small size sample in spite
of heterogeneities of the real field [1,2]. Furthermore, in the case of soils, it is difficult to take
undisturbed samples as preserved as the natural condition of the materials.

In most geothermal applications, it is necessary to know the apparent thermal diffusivity of the
ground materials traversed by geothermal borehole rather than thermal diffusivity of the different
rocks.

Previous studies have established calculation methods for the on-site determination of apparent
thermal diffusivity in grounds containing a borehole [3]. The thermal diffusivity results obtained are
in line with the results found in the literature, but can be improved by: (1) modeling the temperature
variation over a period of time that is greater than one year, and (2) comparing the variations in the
annual frequencies of the ambient temperature and the underground temperature.

The present study presents a calculation method for on-site determination of apparent
underground thermal diffusivity, based on a conductive heat transfer model, via long series of
recordings of ambient temperature and of underground temperature at different depths.

2. Mathematical Model

The annual temperature variation caused by seasonal changes has been analyzed, confirming
that the variation in the temperature records over time and at depth x follows a periodic function
T(x,t) defined by equation [1].

T(x,t)=Tm+A0-e_x'\/%-sin<w-t+(b—x- /%) (1)
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where:

e T(x,t) is the periodic function of the variation in temperature at depth x over time.

o T, isthe average ambient temperature over one year, (at x =0 and t = 0).

e A, is the maximum amplitude of the ambient temperature in the period under consideration, and
*  w is the angular frequency of the periodic variation that satisfies w = Z n/ p, where:

o P is the period of the study, in this case one year (31,536,000 s).

e  x is the position of the temperature sensor with respect to the surface of the ground.

e @ is the time difference between the theoretical model (¢t = 0) and the experiment
period (t # 0).

* ¢, is the time difference in the ambient temperature found between data gathered at

one point in time, and the onset of the ideal sine curve, and is equal to ¢, = x - /%

o A,=A4p- e_x'\/; is the maximum amplitude of the temperature at depth x in the
period under study. This value is dependent on the amplitude of the ambient
temperature, and varies with the depth under consideration and with the apparent
thermal diffusivity between the surface and said depth.

Under these conditions, and for the purpose of determining thermal diffusivity «, itis necessary
to measure T(x,t), i.e., the variation in the ambient temperature and in the temperature at different
depths over a period of at least one year.

3. Experimentation

A borehole was drilled for the purpose of geothermal research. The 125-mm diameter, 48-m-
deep borehole was drilled by roto-percussion with a down-the-hole hammer. The water table level
in the ground at the time of drilling was 20 m (from surface).

Coaxial geothermal pipes were chosen due to the small diameter of the borehole. This tubing
consists of an outer tube with a diameter of 50 mm, and a concentric inner tube with a diameter of 25
mm, connected at their lower end in such a way that the liquid that travels down the ring section can
travel back up.

Geophysical testing was carried out on the borehole in order to determine the lithologies that
had been drilled through, revealing various levels of limestones, clays and dolomites.

The borehole was set up so that its internal temperature can be monitored. To do so, commercial
TMCx-HD temperature sensors were placed on the external wall of the outer geothermal tube, at 1.67
m, 3.86 m, and 6.08 m from the surface of ground. These sensors measure within a range of —40 to 50
°C, and are accuracy down to +0.25 °C from 0 to 50 °C. The TMCx-HD temperature sensors were
connected to a HOBO model U-12-006 data logger, manufactured by the Onset Computer
Corporation.

4. Results

The apparent thermal diffusivity a between the surface and a given depth x was determined
using the set of values T(x,t) measured over the course of one year inside the bore hole. The
mathematical adjustments to Equation (1) have made it possible to determine the apparent thermal
diffusivity o at different depths, the results of which have been summarized in Table 1.

Table 1. Results for apparent thermal diffusivity obtained using the sinusoidal mathematical model.

Profundidad, x [m] R? Apparent Thermal Diffusivity a [m?/s]
1.67 0.9594 1.275 x 1076
3.86 0.9681 1.446 x 107
6.08 0.9854 1.566 x 10~°
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5. Conclusions

The present study presents a calculation method for on-site determination of apparent
underground thermal diffusivity, based on a conductive heat transfer model, via long series of
recordings of ambient temperature and of underground temperature at different depths.

A research borehole was drilled and sensors were placed to record the temperature at depths of
1.67 m, 3.68 m and 6.08 m, in addition to a sensor placed at the surface to determine the daily and
seasonal variations in ambient temperature throughout the recording period (greater than one year).

The borehole passes through limestone, marly limestone and dolomite, and the phreatic level is
located at 20 m.

The proposed mathematical model has been shown to be valid for determining the apparent
thermal diffusivity in a borehole that is not influenced by the phreatic level, as the results obtained
are in line with those found in the literature.
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