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Executive Summary

A formation thermal conductivity test was performed at the (P School site in
Bloomington, lllinois. The vertical bore was completed on June 12, 2008 by SJCrilling Co.
@ -t unit was attached to the vertical bore on the afternoon of July 3. 2008 oS
ATl 20y zed the collected data using the line source” method

This report provides a general overview of the test and procedures that were used to perform the
thermal conductivity test along with a plot of the data in real time and in a form used to calculate
the formation thermal conductivity. The following average formation thermal conductivity was
found from the data analysis

> Formation Thermal Conductivity = 1.44 Btu/hr-ft-°F

Due to the necessity of a thermal diffusivity value in the design calculation process, an estmate
of the average thermal diffusivity was made for the encountered formation

=3 Formation Thermal Diffusivity = 0.88 ft/day
An estimate of the undisturbed formation temperature was determined from the initial
temperature data at startup

= Undisturbed Formation Temperature = 53-53.5°F

A copy of the original collected data is available either in a hard copy or an electronic format upon
requeast
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Test Procedures

g

The American, Society of Heatina, Refrigeration, and Air-Conditioning Engineers (ASHRAE) has
published a set of recommended procedures for performing formation thermal conductivity tests
for geothermal applications. committed to adhering to ASHRAE recommendations

Some of these recommended procedures are listed below:

{1) Required Test Duration — A minimum test duration of 36 hours 15 recommended, with a
preference toward 48 hours.

(2) Power Quality — The standard dewviation of the power should be less than or equal to 1.5% of
the average power, with maximum power variation of less than or equal to 10% of the
average power. The heat flux rate should be 51 Btu/hr (15 W) to 85 Btu/hr (25 W) per foot of
borehole depth to best simulate the expected peak loads on the u-bend.

{3) Undisturbed Formation Temperature Measurement — The undisturbed formation temperature
should be determined by recording the minimum loop temperature as the water returns from
the u-bend at test startup

{(4) Installation Procedures for Test Loops — The bore diameter is to be no larger than 6 inches,
with 4.5 inches being the target diameter. To ensure against bridging and voids, the bore
annulus is to be uniformly grouted from the bottom to the top using a tremie pipe.

{5) Time Between Loop Installation and Testing — A minimum delay of five days between loop
installation and test startup is recommended if the formation is expected to have a low
thermal conductivity or if low conductivity grouts (< 0.75 Btu/hr-ft-°F) are used. A minimum
delay of three days is recommended for all other conditions.

_Esting procedures dewviate slightly from those above with regard to item (5). While item

(5) bases the delay between instaliation and testing on the expected formation conductivity, (I
bases its delay on the type of drilling used in the installation. When air drilling is required, a five-
day delay is recommended to allow the bore to return to its undisturbed temperature. For mud
rotary drilling, a minimum waiting period of two days is sufficient.

For a complete list of recommended procedures, refer to the ASHRAE 2007 HVAC Applications |
handbook, pages 32 12-32.13
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Data Analysis

e =< (= line source” method of data analysis The

line source equation used is not valid for early test times. Also, the line source method assumes
an infinitely thin line source of heat in a continuous medium. If a u-bend grouted in a borehole is
used to inject heat into the ground at a constant rate in order to determine the average formation
thermal conductivity, the test must be run long enough to allow the finite dimensions of the u-
bend pipes and the grout to become insignificant. Experience has shown that the amount of time
required to allow early test time error and finite borehole dimension effects to become

insignificant is approximately ten hours

In order to analyze real data from a formation thermal conductivity test, the average temperature
of the water entering and exiting the u-bend heat exchanger is plotted versus the natural log of
time. Using the Method of Least Squares, the linear equation coefficients are then calculated
that produce a line that fits the data. This procedure is normally repeated for various time
intervals to ensure that variations in the power or other effects are not praducing erroneous

results.

Through the analysis process, the collected raw data is converted to spreadsheet format
(Microsoft Excel®) for final analysis. A copy of this data can be cbiained either in a hard copy or

electronic copy format at any time. If desired, please contact Q="

S - d provide a ship-lo address or e-mail address at one of the following:

!
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