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Study on the evaluation of effective thermal conductivity through

geothermal response test

Do—Hyung, Lim

Department of Environmental Exploration Engineering

Graduate School, Pukyong National University

Abstract

The purpose of this study is to evaluate effective thermal conductivity through a
geothermal response test in order to design a ground heat exchanger. For
investigating the geological characteristics of the study area, water pressure tests
and televiewer logging have been performed. Also, the thermal conductivity test is
made for evaluating the thermal conductivity of the in—situ bedrock. The
geothermal response test has been performed in a 200 m borehole for 4062
minutes. To find the effective thermal conductivity, a line source model is applied
to temperature data measured in the borehole. As a result, the effective thermal
conductivity is evaluated as 3.34 W/m T, which is slightly higher than the average
thermal conductivity of 2.98 W/mT measured directly from the cores recovered in
the borehole. The difference in the thermal conductivity is mainly due to the flow
of ground water which is highly dependent on the fractures in the medium, which
can be detected by the televiewer logging and water pressure test. If the in—situ
average thermal conductivity were applied to the design of the ground heat
exchanger, there would be an excessive design for air—conditioning, suggesting a
high cost and becoming less competitive when compared to other alternative

energy.
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Fig.1. Location map of the study area and the construction site pictures.



Fig. 2. Color core scanning image of drilled cores (Hyun, 2005).
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Fig. 2. Color core scanning image of drilled cores (Hyun, 2005).



2.1.1 g HFAHd=

rlo

g H-o] (Televiewer) &2 %33 FA} (borehole acoustic scanner) A%H
A

Z53F Jl (ultrasonic beam) & AlFa U FASI] QA H= HhAgRe] H %

9 FAE RS BAswel Ud R (AAbEg L AAzh, e A ),
b el Ws, M) dehgE (AFYHPE w= FAFE) o INT 79D
F oo AFF A Vol (3FY 9, 1996)

2 AFelA BERAATY 542 ddfo] olvAE Fatel 7z Al digh
AR (RE, AZY A9 72 dee] 54 A1 (apertu re size)E dolsh=
Zolth, Aol AHEE S AAHS AFF] tist ARE dYsty 54 A9E
At 4 9l 71FAl (data control device), ZS3E HAATIE ATV

(logger) 712]aL o] HAS71E A&tz golo] (wire) 2 4= vk (Fig. 6).

o] olwxle FA5dY= A HTVIE YE24A (disc swinger) oA
Z53d (oF 1.4MHz)o] #HZF7] 3 BFstA WAEHE BEe| o3 3ds=
HEARG ol oaff Ao Aoz o] =adn. AA Uies 2d (ciDE Y

w3 A dgsiAl sty oF (Fu) ek AE g Eel ol FojXih
SHolA  WAME S IAME die) FdEd AR g3t WE]
(transducer) o] =238t ojw 7oAz wgd ¥y
(signal processing part)ell 9al A W AZFX]7} d A (PFE 9, 1996).
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Data control device

Set up a logger

Fig. 3. Measurement system of televiewer logging.

Fig. 4. Principle of ultrasonic beam injection.
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Fig. 5% @eliol 4 olvl4 @ ALYuE olgste] 4% W&/l o8 2
AYEAl 2715 AAEske S BolFal 9lem, Fig. 62 F 15.9 ~ 300.3 m
TR ATFOIA AN Deiel A HEW AL gug 2EA)
2718 ®elFa e,

Al Fol olm A EAMAA  F 76708 wEAEHWE T 549709 dd HYE
A8t on, dx4d 349 delwres yetEth @5d 9 deus ek
BAgwe] A W% & (N)&E 5 ~ 1427] o W= depdoh A -7k A
2070 diele #x7F 9Ask, @l (fractured zone)E E¥ete= AN
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T2 20 cm W7t A G E £eske el = 10 cm v, @AUE
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Fig. 5. Evaluation of each joint aperture size (c) by auto—abstract technique
(b) using travel time image (a).
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2.1.2 dF+94A8 (Lugeon test)

AR AFe FEe BAdsHUEe] Bxaly Ytk Aast oldd FRE o gl
o

=
FEF Ee RelM e ROE o[Fa €k AW Felol B BALHo]

A A Aol ]I e oRE SAIsk] Slel Aol F]lvbel
Tabolzep sfA LY AdRH o AHE AL, WAL HolHE Sels3ith
ol AT &Hs] WHojxA kew djAL FuAtolelA Tt A
gioltk, 1 m Zeole] siAZE 9 okdl 3 m AR Fo] UHEH=Y o]y
HAZ Fbell s BFstA ok HAZE el duks] W d s el
ol 4 2 =e T8 "o o] o FHE= de S5
FHAEES FoHA " & 302 m b Aol o] AAHE Fits Al9lsta
m PA

WA 4F olBuA ZPSPoM, o Amel dF F9 YL

2 AFelA = Kutzner (1996) 2+ Houlbsy (1990) ol wW& A8 S A A8 T
HE AN FA Aole] A4S 3 mE AAS I oER 3 S| ofel J)9
A7t Yehve el e st ddEel st Ao FeEEATE S
ofHut (A, 2005). olgfd Aol tiE FYHe 5S4 v FUARER
Kl &3 Moye?®l 7}g (1967)& o] g3sto] dgstsich
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K =_Qn Eﬁlﬂn(L/d)} 2-1)
L [Dp 2007

A7IM, Qn: TH%F (iter)
L: A 3¢ 324 (m)
Ap: TYYE (MPa)

d: A dE2 A4 (ecm)

FANFAT AE FIUHAEEE 1.54x107% ~ 1.91x107* m/sec® Weolx
BAFS 1.19x107° m/sec® ZAF At F4AE F2ro FEdsds= 1078

m/sec? 10" m/sec AFol9] Fro g A HAA o w FFAo] Ads] vl

AF2 FaQArT JFE e FEER e B2AdEHY o5 wE S
At FE5s Tetstr] fletel A, delFods AFTFE T ARE
AR A AT AR 21 ~ 24 m AR 1 SRR 33 m
AT 2 FEAEEE Hola Qlth 1283l AlFF sH-olA 237 ~ 243 m
AR T vA 52 FEAEEE Y glow AEVE ZojAsE Ay
Maeb T3 F3te] AA vetvds A& 4 5 Atk (Fig. 9). AFFTAE A5
o] std 6.5m % 70 ~ 71.6 m, 103.1 ~ 105.3 m,

3
. 223.6 ~ 236.5 m 73] e F3hE Aol B Q=
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Schematic diagram of Lugeon test.
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Table 1. Results of hydraulic conductivity tests.

Depth Time |Applied |Volume of Hydraulic Depth Time |Applied |Volume of Hydraulic
interval (m) pressure |injected water|conductivity |interval (m) pressure |injected water[conductivity
from__to (min) |(kg/cm?3) [(cm?3) (m/sec) from _to (min) J(kg/cm?3) |(cm?) (m/sec)
18 20 5 5 101.91 1.57E-04| 156] 158 5 5 4.73| 7.30E-06
21 23 5 4.5 111.22] 1.91E-04| 159 161 5 5 0.4] 6.18E-07
24 26 5 4.9 2.71 4.27E-06] 162| 164 5 5 7.75] 1.20E-05
27 29 5 5 80.74| 1.25E-04] 165| 167 5 5 0.27| 4.17E-07
30 32 5 5.1 78.8] 1.19E-04| 168| 170 5 5.1 0.31] 4.69E-07
33 35 5 5 4.23| 6.53E-06| 171 173 5 4.9 10.29] 1.62E-05
36 38 5 5 0.38] 5.87E-07| 174 176 5 5.2 0.24| 3.56E-07
39 41 5 5 0.08] 1.24E-07| 177 179 5 5 0.83| 1.28E-06
42 44 5 5 0.01 1.54E-08| 180 181 5 5.3 0.33] 4.81E-07
45 47 5 4.9 27.39] 4.32E-05| 183| 185 5 5 0.35| 5.40E-07
48 50 5 5 0.47| 7.26E-07| 186] 188 5 4.9 0.53| 8.35E-07
51 53 5 4.9 4.6| 7.25E-06] 189] 191 5 5.1 0.56] 8.48E-07
54 56 5 5 5.45| 8.42E-06| 192 194 5 5.3 0.51| 7.43E-07
57 59 5 5.1 99.22] 1.50E-04]| 195| 197 5 6 0.4] 5.15E-07
60 62 5 5 0.28| 4.32E-07| 198] 200 5 5.3 0.42| 6.12E-07
63 65 5 5 0.32| 4.94E-07| 201 203 5 5.1 0.38] 5.75E-07
66 68 5 5 0.1 1.54E-07| 204| 206 5 5.5 8.9] 1.25E-05
69 71 5 5 0.54| 8.34E-07| 207] 209 5 5 7.27] 1.12E-05
72 74 5 5 0.14] 2.16E-07| 210[ 212 5 5.3 0.19] 2.77E-07
75 77 5 5 0.14] 2.16E-07| 213 215 5 5.2 0.26] 3.86E-07
78 80 5 5 0.16] 2.47E-07| 216 218 5 5 1.2| 1.85E-06
81 83 5 5 4.31 6.66E-06] 219| 221 5 5.1 0.19] 2.88E-07
84 86 5 5 3.62| 5.59E-06| 222 224 5 5.6 0.13| 1.79E-07
87 89 5 4.9 0.19] 2.99E-07| 225 227 5 5.2 0.17] 2.52E-07
90 92 5 5 0.19] 2.93E-07| 228| 230 5 5 0.09] 1.39E-07
93 95 5 5 0.22| 3.40E-07| 231 233 5 5 0.23| 3.55E-07
96 98 5 5.1 0.18] 2.73E-07| 234 236 5 5 0.34| 5.25E-07
99| 101 5 5 0.13] 2.01E-07| 237| 239 5 5.2 26.21] 3.89E-05
102] 104 5 5.2 0.23| 3.42E-07| 240 242 5 5 82.76| 1.28E-04
105 107 5 5.2 0.19] 2.82E-07| 243| 245 5 5 1.16] 1.79E-06
108 110 5 5.5 0.15] 2.11E-07| 246] 248 5 5 0.13| 2.01E-07
111] 113 5 5 0.82| 1.27E-06| 249| 251 5 5 0.12| 1.85E-07
114 116 5 5 0.25| 3.86E-07| 252 254 5 5 0.22| 3.40E-07
117] 119 5 5 0.16] 2.47E-07| 255| 257 5 5 0.02| 3.09E-08
120 122 5 4.9 0.05| 7.88E-08| 258] 260 5 5.1 0.05| 7.57E-08
123] 125 5 5 0.12| 1.85E-07| 261 263 5 5 0.06] 9.27E-08
126 128 5 5 0.19] 2.93E-07| 264| 266 5 5 0.05| 7.72E-08
129 131 5 5 0.23| 3.55E-07| 267] 269 5 5 0.04] 6.18E-08
132 134 5 5.1 0.27| 4.09E-07| 270 272 5 5 0.08] 1.24E-07
135[ 137 5 5.2 0.25| 3.71E-07| 273| 275 5 5 0.03| 4.63E-08
138 140 5 5.5 0.22| 3.09E-07| 276] 278 5 5 0.12| 1.85E-07
141 143 5 5 0.26] 4.02E-07| 279| 281 5 5 0.15| 2.32E-07
144 146 5 5.3 0.3] 4.37E-07| 282| 284 5 5 0.14] 2.16E-07
147] 149 5 5.2 0.4] 5.94E-07| 285| 287 5 5 0.02| 3.09E-08
150 152 5 5 0.56] 8.65E-07| 288 290 5 5 0.07] 1.08E-07
153] 155 5 5 0.45 6.95E-07

16
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Fig. 11. Cross section of ground heat exchanger.
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excavation rock sample

sample grushing -for sample cutting pe_linting graphi_te for
measuring density intercept the light

measuring the thermal
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I e 18 WA
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acquisition thermal-diffusivity and
specific heat capacity

Fig. 12. Flowchart of heat properties measurement tests.
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Fig. 14. Results of thermal conductivity tests.
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Table 2. Results of thermal conductivity tests.

Depth [Density Diffusivity [Specific heat|Conductivity [Depth Density Diffusivity|Specific heat|Conductivity
(m) (kg/m?) (m?/s) (J/kgKs) (W/m‘C) (m) (kg/m?) (m2/s)  |(J/kgKs) (W/m<T)
13.4 2.6511 1.081 0.893] 2.55919432 163.8 2.6561 1.357 0.856| 3.0853045
21.25 2.651 1.192 0.794] 2.50903365 169.3| 2.676433 1.189 0.825| 2.6253804
22.6| 2.6775333 1.138 0.827] 2.51989624 172.1] 2.669533 1.251 0.854| 2.8520066
28.25 2.6666 1.25 0.778| 2.5932685 181| 2.655033 1.201 0.785| 2.5031256
33.55 2.6562 1.25 0.794| 2.6362785 182.3| 2.655333 1.583 0.807| 3.3921379
39.45| 2.6773667 1.366 0.822] 3.00628652 184.5| 2.663733 1.44 0.794| 3.0456061
45.5 2.678 1.392 0.891] 3.32144842 190.8| 2.659833 1.238 0.855| 2.815407
50.6| 2.6516333 1.284 0.885] 3.01315702| 195.85| 2.647133 1.4 0.785| 2.9091995
52.7] 2.6624333 1.381 0.808]| 2.97087091| 198.65| 2.679333 1.479 0.795| 3.1503735
58.6| 2.6522333 1.533 0.769] 3.12665688 206] 2.641233 1.519 0.809| 3.245735
63.13]| 2.6665667 1.569 0.68| 2.84501331 208| 2.679467 1.803 0.697| 3.3672616
68.6| 2.6880333 1.569 0.68| 2.86791652| 212.26| 2.668467 1.245 0.85| 2.8239049
74.5 2.6764 1.263 0.76| 2.56902283| 215.25 2.7524 1.246 0.786| 2.6955795
79.8 2.6708 1.346 0.818] 2.94062558 218.5| 2.667267 1.513 0.81| 3.2688153
85.5| 2.6968667 1.694 0.686| 3.1339856 226.5 2.6725 1.302 0.83| 2.8880639
88.35| 2.6482667 1.477 0.794] 3.10572295 230.1] 2.673833 1.156 0.864| 2.670582
92.4| 2.6695667 1.504 0.737] 2.95907583 232.8| 2.667967 1.419 0.826| 3.1271077
98.4| 2.6798333 1.273 0.882] 3.00887935| 240.08| 2.672733 1.507 0.804| 3.2383585
102.6] 2.6308333 1.667 0.75] 3.28919938 2441 2.675033 1.413 0.798| 3.016298
107.6] 2.6751667 1.209 0.91] 2.94319162| 251.75| 2.674067 1.522 0.83| 3.3780415
113.3[ 2.6695333 1.273 0.823] 2.79681401 253 2.6847 1.524 0.77] 3.1504418
118.8 2.6828 1.209 0.91] 2.95158973| 261.05| 2.682267 1.258 0.91| 3.0706052
122.8 2.6815 1.27 0.887] 3.02068294 264.7 2.6726 1.344 0.843| 3.0280344
127.4] 2.6810667 1.096 0.865| 2.54175844 268.7| 2.669367 1.425 0.85| 3.2332704
136.4] 2.6817667 1.181 0.906] 2.86945279 277.8| 2.674367 1.401 0.796| 2.982443
139.5 2.6842 1.169 0.844] 2.64832835 275 2.6703 1.239 0.884| 2.9247155
146.65 2.6741 1.329 0.921] 3.27312247| 285.75| 2.682167 1.255 0.813| 2.7366549
147.8] 2.6701333 1.392 0.855| 3.17788589 289| 2.679433 1.294 0.87| 3.0164525
149.9 2.6627 1.436 0.856] 3.27303344 295.3 2.6792 1.368 0.825| 3.0237451
159| 2.6449667 1.741 0.788] 3.62865093| 301.50 | 2.677533 1.367 0.815| 2.9830533
160.8] 2.6264667 1.613 0.814] 3.44850346
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Fig. 17. Photographs showing installation process of the geothermal response test.
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Fig. 18. Temperature variation with depth in the geothermal response test.
The test begins on 10 : 50 AM, November 2, 2005.
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(Ingersoll and Plass, 1948; Sanner, 1992) ¢ & &% 9] $k31, Mogensen (1983)
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o]7|1A, v: Euler A4 [0.5772...]
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Fig. A4. Geometry and boundary conditions for integration of Equation (A—8).
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Fig. B1. Thermal conductivity of different rocks at room temperature according to

Cermak and Rybach, Kappelmeyer and Haenel (Zoth and Haenel, 1998).
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