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Evaluation of Thermal Conductivity for Grout/Soil Formation Using Thermal
Response Test and Parameter Estimation Models
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ABSTRACT: The performance of U-tube ground heat exchanger for geothermal heat pump
systems depends on the thermal properties of the soil, as well as grout or backfill materials
in the borehole. In-situ tests provide a means of estimating some of these properties. In this
study, in-situ thermal response tests were completed on two vertical boreholes, 130 m deep
with 62 mm diameter high density polyethylene U-tubes. The tests were conducted by add-
ing a monitored amount of heat to water over a 17~18 hour period for each vertical bore-
holes. By monitoring the water temperatures entering and exiting the loop and heat load,
overall thermal conductivity values of grout/soil formation were determined. Two parameter
estimation models for evaluation of thermal response test data were compared when applied
on the same temperature response data. One model is based on line-source theory and the
other is a numerical one-dimensional finite difference model. The average thermal conduc-
tivity deviation between measured data and these models is of the magnitude 1% to 5%.

Key words: Geothermal heat pump systems(X| 2% €HXZ Al~d), Ground heat exchanger
(A1F dg7]), Grout/soil formation{2&$E/EY¥ &%), Thermal conductiv-
ity(B A X 5), In-situ thermal response test(8%F E5 3 Al¥)
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Fig. 2 Schematic of in-situ thermal response
test apparatus.

Table 1 Nominal values and uncertainties of
experimental parameters

Nominal values
Parameters Test Test |oncertainty
borehole #1 |borehole #2

Entering water 0
temperature('C) 217 236 03T
Leaving water N
temperature(C) 19.2 21.1 03T
Power

—+ ()
input(W) 45151 | 45720 | *3.0%
Water flow

=+ Q
rate(//min) 259 26.1 *35%
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Fig. 6 Measured and calculated average water
temperatures for the test boreholes.
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