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Estimation of subsurface temperature by geophysical data using

Artificial Neural Network
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Accurate estimation of the underground temperature is essential for the resource evaluation of a
geothermal reservoir. However, the quantity of temperature data measured in boreholes is usually
limited and therefore the estimation of temperature distribution at depth is often difficult. General
relationship between resistivity and temperature has been studied in laboratory experiment by using
drilling samples, but it is not always applicable because there are many factors that affect the resistivity
value.

Here, we have tried to indirectly estimate the underground temperature by geophysical data. By using
Artificial Neural Network (ANN) trained by geophysical data, this study aims to estimate underground
temperature by resistivity data obtained from magnetotelluric (MT) sounding. We applied the method to
the Kakkonda geothermal area, Iwate Prefecture, Japan. Many drillings and MT surveys were carried
out before so we can get many data to educate the ANN.

We educated the ANN by position, depth and temperature data from well log temperature and
resistivity data from MT sounding and seismic data from seismic survey. As a result, we obtained good
agreement at up to about 3.1 km depth by several constructed ANN. However, fitness was not good at
around sealing layer (around 3.1 km depth), because resolution of resistivity structure of deeper part is

too coarse to emerge changing temperature.
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Hidden layers

r

Training : Validation : Testing

Hidden layers

8005 15 5 7010 20 5
Case R Fit Deg Intercept Case R Fit Deg Intercept
0) 0.93718 1.1 -15 ©) 0.86748 0.95 18
®@ 0.90379 0.95 12 0.93106 0.95 -11
® 0.90801 1 -0.25 ) 0.91761 1 -0.37
@ 0.91607 1.1 -86 ® 0.96005 1.1 -18
’Training : Validation : Testing Hidden layers Training : Validation : Testing Hidden layers
8005 15 7 7010 20 1
Case R Fit Deg Intercept Case R Fit Deg Intercept
® 0.83655 1.1 0.88 ® 092114 1 =51
® 091919 1.1 0.92 087733 0.92 18
@ 0.90801 1 -0.25 ® 0.93048 1 -9.1
0.95829 1.1 -13 097722 1.1 -13

Table 1 Testing result of each case. Cases, 1, 5, 9 and 13 were using all borehole data. Cases, 2, 6, 10
and 14 were not using borehole data at well-18,19. Cases 3, 7, 11 and 15 were using data below 600m
only. Cases 4, 8.12 and 16 were using data below 600m and not using well-KKD data.
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Fig. 3 Result of temperature estimation for all cases. Blue lines indicate measured temperature,
red lines indicate estimation temperature using ANN.
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