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Objective and background

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 

Characterization of the spatial structure of 
collected data 

To increase the reliability of estimated data

Generation of the best thermal conductivity 
distribution maps



Geological map of the Rep. of Korea



Thermal diffusivity

Measurements of rock properties

density, porosity,
specific heat, 
thermal diffusivity, 
thermal conductivity
(dry, saturated):
1560 specimens

Density



Principle of flash method (LFA 447)
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Thermal conductivity 
distribution of total samples

Total : 1560 ea
Igneous rocks: 647 ea
Metamorphic rocks: 494 ea
Sedimentary rocks: 291 ea
Volcanic rocks: 128

1.6minimum
8.76maximum

Log TransformedNon Transformedstatistics

0.663.82Kurtosis
0.601.53Skewness

1.067100.99234Variance
1.0330.996SD
3.4233.542Mean (W/m-K)
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relationships between property variables



Thermal conductivity ranges of igneous 
rocks (No. of data: 647)
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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 4.91 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 
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Thermal conductivity ranges of 
metamorphic rock (No. of data: 494)
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M inium 1.64 2.58 2.64 2.17 2.61 3.74 2.34 1.67 3.73 

M axim um 8.20 8.39 6.53 8.45 6.71 8.76 5.09 3.39 5.02 

M ean 3.72 4.40 4.08 5.69 3.46 6.08 3.68 2.87 4.35 
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Thermal conductivity ranges of 
sedimentary rocks (No. of data: 291)
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M inim um 2.05 2.25 2.48 2.71 2.59 2.59 2.55 3.04 2.30 

M axim um 7.59 6.84 4.18 5.63 5.59 5.21 5.80 3.04 2.30 

M ean 3.81 3.83 3.13 3.69 3.49 3.43 3.82 3.04 2.30 
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Thermal conductivity ranges of volcanic 
rocks (No. of data: 128)
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M inim um 2.04 1.77 2.62 1.86 1.98 

M axim um 5.81 4.56 5.02 2.75 3.51 

M ean 2.80 2.95 3.51 2.29 2.74 

andesite tuff rhyolite basalt trachyte
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0.601.82minimum
1.775.87maximum

TransformedNon Transformedstatistics

0.1880.668SD
1.1823.328mean

General statistical analysis on thermal 
conductivity of granite
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Characterization of spatial patterns: 
Seimvariogram
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Measure of: average dissimilarity between observations 
as a function of separation distance + direction

(stationary case)(stationary case)
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Estimated thermal conductivity (W/m-K)

Regression coeff icient = 0.955 (SE = 0.065 , r2 =0.298,
y intercept = 0.19, SE

Semivariogram analysis on the saturated thermal 
conductivity of granite rocks

450000.0300.016Spherical

Range (A)Structural variance Sill 
(Co+C)

Nugget variance 
(Co)Variogram model type



kriging (BLUE) of the thermal conductivity of
granite rocks with semivariogram model



Gneiss

356356N

0.491.64minimum

1.916.75maximum

TransformedNon TransformedStatistics

0.2390.90SD

1.2803.70mean
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General statistical analysis
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Estimated thermal conductivity (W/m-K)

Regression coeff icient = 0.785 (SE = 0.116 , r2 =0.115,
y intercept = 0.86, SE

Semivariogram analysis on the saturated thermal 
conductivity of gneiss

200000.0480.005Exponential
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kriging of the thermal conductivity of gneiss 
rocks with semivariogram model
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Estimated thermal conductivity

Regression coeff icient = 1.002 (SE = 0.042 , r2 =0.269,
y intercept = 0.08, SE

Semivariogram analysis on the saturated thermal 
conductivity of total sampled rocks
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Thermal conductivity distribution map of 
total rocks by kriging



Granite Gneiss Total

Thermal conductivity distribution maps



Statistical equations for cross validation tests
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1.0065 0.9981 0.9995 SDRE
1.0130 0.9962 0.9991 VRE

0.6787 0.7811 0.3153 VE

0.0656 0.0811 0.0224 MRE

0.6783 0.7789 0.3153 MKV

0.2561 0.2848 0.1498 SRMSE

10.9838 0.0218 0.5739 MSE

0.0001 0.0000 0.0001 ME

total rockgneissgranitestatistics

Cross validation test results



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.  


