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Executive Summary

A formation thermal conductivity test was pedformed at the Holy Spirit Catholic Church gite-in-
Bowling Green, Kentucky. The vertical bore was completed on November 10, 2008 by
Geothermat Earthworks. GRTTs test unit was attached to the verfical bore on the afternoon of
December 5, 2008. Geothermal Resource Technologies, Inc. analyzed the collected data using
the "line source™ method,

Thig report provides a gensral averview of the test and procedures that were used 1o parform the
thermal conductivity test along with = plot of the data in rea! time and In 2 form used to calcuiate
the formation thermal conductivity. The foliowing averaga formation thermal conductivity was
found from the data analysis,

= Formation Thermal Conductivity = 1.51 Btu/hr-it-F

Due to the necessity of a thermal diffusivity value in the desi gr: calculation process, an estimate
of the average thermal diffusivity was made for the encountered formation.
= Formation Thermal Diffusivity = 1.01 #/day

An estimate of the undigturbed formmation tempseratire was defermined from the initial
temperature data at starup.

= Undisturbed Formation Temperature = 58 5°F

A copy of the original collected data is available aither in & hard copy or an electronic format

upcn request.
. GRTI
December 20, 2008 ’ FTC Tast and Data Anahsks
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Test Pror.:edures

The Amarican Society of Heating, Refrigeration, and Air—Cnndiﬁohing Engineers {ASHRAE) has
published a set of recommendad procedures for performing formation thermal conductivity tests
tor gecthermat applications, GRTIis committed to adhering o ASHRAE recommendations.
Some of these recommended procedures are listed below:

(1) Required Test Duration — A minimum test duration of 36 hours is recommended, witha
preference toward 48 hours.

(23 Power Quality — The standard deviation of the power shouid be tess than or equal to 1.5% of
the average powar, with meximum power variation of less than ar equal io 10% of the
average power. The heat flux rate should be 51 Btu/hr (15 W) to 85 Biu/hr (25 W) per font
of borehwole depih 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} Instailation Procedures for Test Loops — The bore dlameter is to be 1o larger thar: 6 inches,
with 4.5 inches being the target diameter. To ensure againat bridging and veids, the bore
annulus is to be uniformiy grouted from the botiom 1o the top using a tremie pipe.

{5) Time Betwean Loop Instaliation and Testing — A minimum delay of five days between loop
installation and test startup is necommended if the formation is expected to have a low
thermal conductivity or f low conductivity grouts (< 0.75 Btu/hr-ft-2F) are used. A mimimum
delay of thres days is recommended for all other conditions.

GRTVs testing procedures deviate slightly from those above with tegard to itern (5). While itern
{5} bases the delay betwesn installation and testing on the expeacted formation conductivity,
GRT! bases its delay on the type of drilling used in the Installation. When air drilling ig required,
& five-day delay is recornmended to aliow the bore to return to its undisturbed {emperatura. For
mud rotary drilling, & minimum waiting petiod of wo days is sufficient,

For a complete list of recommended procedures, refer to the ASHRAE 2007 HVAC Applications
handbook, pages 32.12-32.13.

GRT}
Dacember 20, 2008 FTC Test and Datz Analysis
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- Data Analysis

Geathernal Resource Technologies, Inc. usss the "line source™ method of data analysis. The
line source equation used is not vafid for early test imes. Alse, the line source method assumes
an Irdinitely thin line source of heat in a continuous meditm. ¥ 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 tong ercugh o aliow the finite dimansions of the -
bend pipes and the grout t¢ become insignificant. Experience has shown that the amout of
time required 1o allow earty test ime error and finite borahole dimension effects to became
insignificant is approximately ten hours.

In order to analyze real data from a formation thermal conductivity test, the avemage temparature
of the water emering and exiting the u-bend heat exchanger is plotted versus the ratural log of
time. LUsing the Method of Least Squares, the linear equation coefficierts are then calculated
that produce a line that fits the data. This procedure is nomally repeated for various time
intervals to ensura that vasiations in the pawer or other effects are not prodicing erroneous
resuits,

Through the analysis process, the collected raw data is converted 1o spreadsheet format
{Microsolt Excel®) for final analysis. A copy of thiz data can be obtgined aither in & hard copy or
electronic copy format at any time, I desired!, please contact Geothermal Resource
Technologies, Inc. and provide a ship-to address or ¢-mail addrass at one of the following:

Phone: (828) 2250166

Fax: (828) 281-4139

E-mail: cmartin@grti.com

GHT
December 20, 2008 FTC Test and Data Analysis
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Formation Thermal Conductivity Test Report

an;zt;;;‘ ..................................................................... December 5-7, 2008
ation ... LT Bowling Green, K
Undisturbed Formation Temperature ... ... Appmxg.i 58.5F Y

Borehole Data — As Proviied by Gecthermal Earthworks

Borehole Diamater . 5 1/ inch
S MGG e e e 95
Note: Casing was instalied from 0-42 ft.

DRl Log o Bed clay w/imestone o-21
| Limestone 2137
Broken up with void 37-39
Limestone 39403
Usbend Size ... 1inch HDPE
U-Bend Length ......... ..o 4£ ft ®
Grout Type e GeoFro TG L
Grout Solids ... T 66% o T
Grouted Portion ... T Entire bore
Test Data
Test DUration .........oo oo 40.3 hrs.
Average Vallage ... ... T 2430V
AVErage POWET ......o\..ivuccieooo B221 W
Total Heat Input Rate .........._...._ 28,059 Biwhr
Calculated Circuiator Fiow Rate ... . 6.1 gpm
GATI
Becember 20, 2008 FTC Test and Data Anafysiz
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Holy Spirit Catholic Church, Bowling Green, KY
December 5-7, 2008
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Figure 1: Temperature versus Time Data

Decembier 20, 20 GRTI
o FTC Testand Data Analysis
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Line Source Data Analysis

Holy Spirit Catholic Church, Bowling Green, KY
December 5-7, 2008
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Figure 2: Temperature versus Natural Log of Time
] . Thermal
Time Pericd Slope: ay Average Heat lnput Conductivity
(Btwhrfty (W) (Btu/he-ft-°F)

10-40.3 s 3.66 626 20.4 1.51

The temperature versus time data was analyzed using the line source analysis for the time

 period shown above. An average linear curve fit was applied to the data between 10 and 40.3
hqurs. The slope of the curve (2,) was found o be 3.66. The tesulting thermal conductivity was
found to be 1.51 Biw/hr-ft-°F,

December 20, 2 sl
T 20, 2008 ETC Test and Dala Anslysis
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Estimated Thermal Diffusivity

‘The reported drilling log for this test borehole indicated that the formation consisted of clay and
limestone. A heat capacity value for limestone was calculated from specific heat and denaity

vaiues listad by Kavanaugh and Rafferty (Ground

-Source Heat‘Pumps - Dasign of Geothermal

Systerns for Commercial and Ingtitutional Buildings, ASHRAE, 1897). A weighted average of
heat capacity values based on the indicated formation was used to develop an average heat
capacity for the formation. An estimated ditfusgivity value was then found using the caloulated
formation themmal conductivity and the estimated hegt capacity. The thermal diffusivity for this
formation was estimated to be 1.01 #%day.

Est. Averag:e Thermal Est. Thermal
Heat Ga;)aclty Conductivity Diffusivity
| (Bt F) (Buw/hr-t-oF) (it¥iday)
35.9 1.51 1.01

Decembear 20, 2003

GRTi
FYC Toat and Deata Anzlysiz
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Frequently Asked Questions (FAG's) Regarding FTC Testing

G

Thermally-anhanced grout is specified for the final loop field design. The test bore wasg
grotited with & low conductivity, 20% sofids, bentonite grout. How do | adjust the therrmai
conductivity value to account for this?
While the conductivity of the grout is important for the loop Tield design, it is not
important for determining formation thermal conductivity. We use the "line source”
method to anslyze data, which assumes an irfinitely thin line rejecting heat at a constant
rate into an infinite medium. The initial ten hours, which is influenced by the bore
dimensions and grout conductivity, is ignored in the analysis. However, once the heat
has penstrated into the formation, the temperature rise of the formation approaches
steady-sate, Itisthe slapa of the temperature rise that s usedin the analysis. Hence,

- Mo adjustmert to the reported formation thermai conductivity Is required.

The software 1 use to design the loop field requiras that §input a value for “soii
conductivity”, is this the same as formation thermal conductivity?

Absolutely. Formation, s0il, and ground are alt used interchangeably to describe the
conditions in which the u-bends will be instailed, The use of the word formation” simply
impies that the installation conditions may be soii, rock, or some combination of the two,

Yve just received your report. | have a formation conductivity of 1,54 Btwhrf£ °F. How
do ! transtate that into a loop length requirament, in terms of bore depth (in feet) per ton?
The farmation thermal conductivity test provides values for three key parametors
required for the ground loop design. These are the “Undisturbed Formation
Temparatura, Formation Thermal Conductivity, and Formation Thermai Diffusivity
These parameters, along with many others, are inputs to commercially available loop
design software {e.9. GehpGale, available ar GeoKisa.com!snﬂware), The scfiware uses
all of the inputs to determine the required loop length in bare depth per ton,

Is the “Urdisturbed Formation Temperatgre® listed in the iepont the termperatyre that |
enter inlo mry loop design software where it calls for the “Deep-Earth Temperature™?
Generally, yes. The "Undisturbed Famation Temperature” iz the constant tenmperature
of the formation. We attermnpt i detetrnine this vatue by measuring the temperature of
the water ertering the test unit at the beginning of the test, However, the vaive we
meagure and report may be inaccurate if the test is initisted too quickly after the
instaliation of the test bore, or if the testing oparator faiied to aclivate the data
acquigEition unit prior to energizing the heating slements, i You suspect the temperaiure
we are reporting to be too high or tog low, we recommend that you investigare further

through other sources,
GRTI

December 20, 2008 : FTC Test and Dgta Analysis
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