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Objective and background 0o

- Interpretation of the measured thermal properties
of rocks in KIGAM geothermal D/B system

- Statistical investigation and geostatistical analysis
of the thermal conductivity of rocks

- Demands of thermal conductivity data have been
Increased from geothermal heat pump industries



From geostatistical analysis on the
thermal conductivity of rocks

=

e Characterization of the spatial structure of
collected data

e To increase the reliability of estimated data

e Generation of the best thermal conductivity
distribution maps
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Measurements of rock properties 0o

Thermal diffusivity

Density

GJ 104 AD 2 34 GJ 132
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density, porosity,
specific heat,
thermal diffusivity,
thermal conductivity
(dry, saturated):
1560 specimens
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Thermal conductivity
distribution of total samples

446200

329974

tm25y

213748

0Og +

213911

372740

tm25x

531569

Total : 1560 ea
Igneous rocks: 647 ea
Metamorphic rocks: 494 ea
Sedimentary rocks: 291 ea
Volcanic rocks: 128
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In(Saturated Thermal conductivity)

statistics Non Transformed Log Transformed
minimum 1.6
maximum 8.76
Mean (W/m-K) 3.542 3.423
SD 0.996 1.033
Variance 0.99234 1.06710
Skewness 1.53 0.60
Kurtosis 3.82 0.66
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Thermal conductivity ranges of igneous

L]
rocks (No. of data: 647) 0000
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o feldspar | quartz granite basic

it diorit h h felsit h acidic it silicate dik felsoph | felsic bb anortho " halloysi
granite orite |porphyr porphyr| felsite \porphyr| = . = |syenite | = ' e yre dike gabbro site quartz te
y Yy y rock

Minimum | 1.82 1.60 2.44 2.80 2.84 2.51 2.04 2.41 3.69 2.73 2.71 3.64 2.50 3.07 7.65 1.72
Maximum| 7.71 4.86 4.19 4.45 5.12 5.46 491 3.24 4.89 4.12 2.71 3.64 2.50 3.07 7.65 1.72
Mean 3.33 2.87 3.23 3.44 3.41 3.37 3.93 2.76 4.41 3.36 2.71 3.64 2.50 3.07 7.65 1.72

N 512 42 38 13 10 10 6 4 3 3 1 1 1 1 1 1




Thermal conductivity ranges of
metamorphic rock (No. of data: 494)

10

gneiss schist phy Llite quartzite homfels :z:;‘zt am phibo lite Zr;':::f; dolom ite
Minium 164 258 2b4 247 2bl 374 234 k7 373
Maximum az20 a39 b &3 845 b?1 &7k 509 339 502
Mean 372 440 4as8 5k9 3 4L LEOa8 368 287 435
| N 359 41 27 25 19 8 6 6 3




Thermal conductivity ranges of 00ces
X X X

sedimentary rocks (No. of data: 291) 0oco

a
sandstone lim estone breccia mudstone siltstone cong]:mer'at shale sandic rock chert
Minim um 2405 225 2 Ha8 271 2459 259 255 30u 230
M axim um 789 b ay 418 5&3 559 521 580 30u 230
n 381 3483 343 3E9 349 343 3a2 304 230
N 175 57 17 15 10 8 7 1 1




Thermal conductivity ranges of volcanic

rocks (No. of data: 128)

1

0

andesie wff rhyo lie basak trachyte
M ihin um 2.04 1.77 c-b2 1.8k 198
M axin um 5.81 4.5k 5.02 2.75 3.51
M ean 2.80 295 3.51 229 2.74
N 76 36 10
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Characterization of spatial patterns:
Seimvariogram

Measure of: average dissimilarity between observations
as a function of separation distance + direction
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Semivariance
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Semivariogram analysis on the saturated thermal | eese
o : 00
conductivity of granite rocks oo
Saturated Thermal conductivity
0.0600 <
; £
[0} © ‘g-’
0.0450 o OOoooO ©o OoO ° © ?
0.0300/6 02002 -~ - ;é
0.0150 g
0.0000 %
0.00 125000.00 250000.00 375000.00 500000.00 <
Separation Distance (h) ’
0 2 4 6 8
Estimated thermal conductivity (W/m-K)
: Nugget variance Structural variance Sill
Variogram model type (Co) (Co+C) Range (A)
Spherical 0.016 0.030 45000




kriging (BLUE) of the thermal conductivity of 5553
granite rocks with semivariogram model oo
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Semivariogram analysis on
conductivity of gneiss

Saturated Thermal conductivity
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Semivariance

Semivariogram analysis on the saturated thermal

conductivity of total sampled rocks

Saturated Thermal conductivity
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Thermal conductivity distribution map of et
total rocks by kriging oo
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Thermal conductivity distribution maps

Granite
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Statistical equations for cross validation tests

e - Z(0=Z7(%) MRE ZLZN:[Z(x)—Z*(x)]i <0
1/05 N5 \E
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VRE = ﬁZ(RE ~MRE); SDRE =+/VRE ~1
B
1 &,
SRMSE = +/MSE MKV =W_Z_ll(0k)i
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VE :LZ(Error — ME)* = MKV
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N -1



Cross validation test results

0.0001 0.0000 0.0001




Conclusions

Histograms of the thermal conductivity of granite, gneiss
and total rocks show lognormal distributions.

Most of the porosity of rock specimens are less than 10%,
and shows weak relationship with thermal conductivities.

The semivariograms of the thermal conductivities of
granite, gneiss and total rocks shows weak stationarity.

In cross validation tests of estimated thermal
conductivities, each scatter plot and statistics show similar
agreements between actual and estimated values.



