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Fig. 1 Geological map and sample points of Hainan Island (modified from Zhang Lei et al. , 2022)
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Fig. 2 Statistical chart of thermal conductivity of outcrop lithology in Hainan Island
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Fig. 3 Statistical chart of heat generation rate of outcrop rocks in Hainan Island
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Fig. 4 Relationship between porosity, density, thermal diffusivity, specific heat capacity,

and thermal conductivity in Hainan Island
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Fig. 5 Statistical chart of rock saturated thermal conductivity in Hainan Island
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Fig. 6 Change in corrected thermal conductivity of rock saturated with water in Hainan Island
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L41% +4.98%
L57% 4. 76%
.62% +3.73%
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Fig. 11
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(a)—igneous rock; (b)—sedimentary rock; (c¢)—metamorphic rock
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Comparison between calculated saturated thermal conductivity and actual thermal conductivity
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Fig. 12 Triple diagram of the contribution of radioactive

elements to heat generation in rocks in Hainan Island
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Fig. 13 Scatter plot of the relationship between K (a), Th (b), U (c) contents and heat generation rate in Hainan Island
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Fig. 14 Temperature simulation results of Sanya A—B profile in Hainan Island
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(a)—profile sketch; (b)—without considering saturation temperature results; (c¢)—considering saturation temperature results; K;lk—
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Fig. 15 Simulated well temperature variation curve with depth
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(a)—WI1 observation well; (b)~—W2 observation logging; (¢)—W3 observation well
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Abstract

The thermal properties of rocks are one of the important parameters for studying the characteristics of
geothermal fields, and play an important role in studying geothermal fields and evaluating geothermal
resources. In order to quantitatively understand the thermal properties of rocks and their impact on the
geothermal field. This study systematically analysis of the thermophysical characteristics of rocks in
Hainan Islandby thermal physical properties testing of outcrop samples, providing new data and references
for research in areas related to regional geothermal energy. The results of this study indicate that; @O
There are differences in the thermal properties of the three types of rocks in Hainan Island. For thermal
conductivity, metamorphic rocks have the highest (3.16+£1.41 W/(m « K)). Sedimentary rocks have the
second highest (2.53+0.80 W/(m « K)). And igneous rocks have the lowest (2.40%+0.74 W/(m * K));
Igneous rocks have the highest heat generation rate (2. 6841. 68 uW/m"), followed by sedimentary rocks
(1.9040.92 pW/m*). And metamorphic rocks have the lowest (1. 1040. 95 pW/m’). @ Porosity and
thermal conductivity are negatively correlated, while density and thermal conductivity are positively
correlated. After the saturation correction of the rock, the thermal conductivity value has significantly
increased. At the same time, based on the specific situation of Hainan Island, we established an empirical
formula for saturation correction that is suitable for the area. ® U and Th are the main heat-generating
elements in rocks, and both have a linear positive correlation with the heat generation rate. While the
correlation of K is relatively weak. @ The different thermal conductivity and heat generation rate of the
strata result in uneven temperature distribution, which affects the accumulation of strata temperature; At
the same time, in the simulation of temperature field, there are differences in the simulation results

between considering and not considering the saturation of the rock.

Key words: thermal conductivity; heat generation rate; geothermal field; Hainan Island; radioactive

heat generation elements
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Appendix 1 Thermal conductivity measurement data
B b o 5 P PER (W/(m - K [ EAMHBFER (W/ (m - K) | B A (mm®/s) | A M)/m® - K | fLBE (0
HK-1 vy 1.73 1.82 1.02 1.70 5. 24
HK-2 ZRE 1. 14 1.40 0.74 1.55 3.71
HK-3 ZRE 1.03 1.22 0.56 1.85 5.69
HK-4 T 1.72 1.83 0.89 1.93 0.69
LD-1 VaE- X E 4,57 6.71 3.56 1.29 1.68
LD-2 WA 2.34 2.92 1.42 1.65 3.11
LD-3 45 i 7.02 7.41 4.26 1.65 0.41
LD-4 THE 2.33 3.41 3. 14 0.74 4,23
LD-5 T 2.56 2.81 2.08 1.23 0.48
LD-6 45 G KA 4.15 4. 44 2.53 1. 64 0.69
LD-7 &5 SR 4,77 5.32 5.81 0.87 0.37
LD-8 % 2.56 2.91 1.79 1.43 2.7
LD-9 o5 K 2.87 3.17 1.45 1.98 0.92
LD-10 ViAs b 2.91 3. 00 1.96 1. 49 0.99
LD-11 [ 2.48 2.93 1.53 1.63 0.98
LD-12 T 1.64 2. 34 1.67 0.99 2.59
LD-13 W 1.75 2.24 1.39 1.26 6.15
LD-14 25 KA 3.46 3.50 2.31 1.50 0.75
LD-15 5 RCE 3. 04 3.09 1.50 2. 04 0.29
LD-16 5K 2.77 3.07 2.39 1.16 0.75
LD-17 45 KA 2.89 2.92 1.40 2. 06 1.13
LD-18 THCE 2. 04 2.81 2.72 0.76 0. 82
LD-19 A A 3. 65 3.65 1.81 2.01 0.27
LD-20 THCE 1.15 2.06 1.26 0.92 10. 49
LD-21 KA 2.98 3.55 1.75 1.71 0.24
LD-22 R 2. 60 2.68 1.77 1.47 1.32
LD-23 FaE e 5.83 7.06 3.71 1.57 0.24
QH-1 W 2.55 3. 64 1.29 1.98 5.71
QH-2 e 1.78 3.35 1.63 1.10 3. 89
QH-2-1 Py 2.22 3.02 1.18 1.91 1.44
QH-3 W 1.68 2.73 1.06 1.58 13. 95
QH-5 THCE 1.42 2.47 0.82 1.74 9.87
QH-6 THCE 2.26 4.06 1. 60 1.42 3.06
QH-7 [ 3.93 3.99 1.63 2.41 0. 82
QH-8 AR 1.39 3.65 1. 89 0.74 9.81
QH-9 THCE 4.32 5.22 3.68 1.32 1. 94
QH-10 =R A 2.19 2.61 0.92 2. 40 1.8
SY-1 pi Ak 2. 64 2.73 1.77 1.49 0.74
SY-2 piA k= 2.16 2.38 1.13 1.91 1.42
SY-3 B 2.91 3.29 2.03 1.43 0.18
SY-4 Ak 2.66 3.23 2.06 1.29 0.79
SY-5 LA 2.79 3.11 2.37 1.18 0.35
SY-6 Z I 2.11 2.36 0. 86 2.46 0.07
SY-7 VaE s 4.28 6.28 2. 84 1.51 1.15
SY-8(1) VaE X E 3.45 4,77 2.25 1.54 1.02
SY-8(2) (= 1.59 1.99 0.83 1.92 12.37
SY-9 [E=: 3.36 3. 44 2.12 1.58 3.07
SY-10 R 2. 69 2.78 1.85 1.46 2. 14
SY-11 FaE Sy 4.16 7.18 4,13 1.01 1.03
SY-12 IR 3.72 3.92 2.02 1.85 0.95
SY-13 3 2.53 2.58 1.31 1.94 0.18
SY-14 A=k 3.28 3.43 1. 84 1.78 0.78
SY-15 AR 3.02 3.27 1.82 1. 66 1.38
SY-16 ZIl#H 2.97 3.01 1.54 1.92 0.39
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FE 5 4 5 I PR (W/(m« K)) [ HAPGER (W/ (m - K) | 8P HR (mm®/s) | K MI/m’ « K) | FLBE (70
SY-17 KA 2.74 3.00 1.95 1.41 0.42
WC-1 Z kA 1.60 1.64 0.70 2.31 0.78
WC-2 ZA 1.47 1.50 0.79 1.87 1.28
WC-3 By 1.69 1.70 0.75 2.25 0.36
WC-4 Ak 2.99 3.30 1.73 1.73 0.39
WC-5 LA 1.75 1. 81 0. 80 2.18 1.43
WC-6 A A 2.59 3. 60 1.59 1.62 0.49
WC-7 AL A 3.18 3.54 1. 86 1.71 0.62
Mgk 2 HE#HMENEHIE
Appendix 2 Heat generation rate measurement data
FE i G 5 PR Ux10~ %) Th(x10™ %) K% R (g/em®) PR (WW/m?)
HK-3 Eivy 0.65 2.56 0.50 2.13 0.31
LD-1 AT 0.27 1.04 0.07 2.568 0.14
LD-2 e 4,05 19. 60 3.92 2.513 2.57
LD-3 &5 R 0.35 1.04 0.01 2.63 0.16
LD-4 T 1.35 8. 42 2.91 2.508 1.12
LD-5 THH 3.17 18. 30 4,07 2. 664 2.43
LD-6 5 R 0.65 0.67 0.11 2. 811 0.23
LD-7 o5 R 0.17 0.25 0.03 2.821 0.07
LD-8 M 1.93 9.30 2. 84 2.63 1.37
LD-9 45 KA 2. 44 15. 20 5.69 2.539 2.08
LD-10 Ak 3.69 6.23 4,38 2.59 1.72
LD-11 = 5.78 24. 80 4. 64 2.565 3.45
LD-12 T 2.63 16. 00 3.58 2. 499 1. 96
LD-13 W 2.78 12. 30 2.72 2. 287 1.54
LD-14 4 IR 2.48 11. 20 2.22 2.719 1.63
LD-15 5 R 0.97 0.08 0.01 2.677 0.25
LD-16 5K 2.31 0.10 0.01 2. 644 0.59
LD-17 5 G IR A 1. 81 0.08 0.01 2.321 0.41
LD-18 THCE 6.58 17.10 3.29 2.692 3.17
LD-19 A6 A 8.22 53.10 4,62 2. 60 5.99
LD-20 THCE 3.07 18. 60 3.61 2.323 2.08
LD-21 RN 3.22 16. 20 2.82 2. 64 2.16
LD-22 FRRE 0.22 1.27 0.31 2. 966 0.19
LD-23 A 0.08 0.14 0.02 2.619 0.03
QH-1 W 1.73 3.75 2.52 2. 495 0.87
QH-2 beP e 2.78 17.30 2.75 2. 565 2.06
QH-3 W 4,42 15. 60 3.29 2.243 2. 10
QH-4 P 0.18 0.37 0.02 2.581 0.07
QH-5 THCE 4,08 16. 70 3. 84 2.168 2.06
QH-6 THCE 2.45 12.50 2.62 2.537 1.63
QH-7 (= 4.53 17. 20 4.48 2. 742 2.82
QH-8 VaE: X E 1.27 8.11 1.75 2.38 0.93
QH-9 THCE 2.50 3.27 1.16 2.554 0.92
QH-10 =R 1.23 7.38 2.28 2. 669 1.03
SY-1 A6 A 3. 80 16. 10 3.38 2. 64 2.35
SY-2 [ARE= 3.21 12. 20 2.41 2.73 1.92
SY-3 B A 9.11 51. 00 5.33 2. 60 6.12
SY-4 A A 4,43 21. 00 4,29 2.62 2. 90
SY-5 Z A 4.23 15. 20 3.26 2.72 2. 46
SY-6 ZI 4,52 16. 60 3.53 2.68 2.62
SY-7 A YERb A 0.38 1. 00 0.27 2. 607 0.19
SY-8(1) VaE X F 2.76 17. 90 3.49 2.653 2.24
SY-8(2) [2E= 0.71 4.16 3.03 2.339 0.65
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LMk 2

BES GRS A U(x10™ %) Th(x10~ %) K% I (g/em’) AR (W /m?)
SY-9 W 4,27 20. 50 4,54 2.551 2.78
SY-10 WK 3.15 13. 30 3. 89 2.708 2.10
SY-11 A 0.41 1.56 0.11 2.614 0.22
SY-12 3= 3.21 14.70 2.68 2.477 1.92
SY-13 & 0.76 3.33 2.07 2. 826 0. 65
SY-14 Ak 4,56 38.10 4.21 2.54 3.95
SY-15 A6 5 A 6.63 43. 40 4.37 2.55 4.83
SY-16 L 4,12 20. 80 3.83 2. 64 2.79
SY-17 BE K 4.07 17. 20 2.23 2.61 2.36
WC-1 KRA 0.45 2.29 0.39 2. 64 0. 30
WC-3 Eivy 0.66 3.07 0.56 2.76 0.44
WC-4 16 A 4.71 28. 20 4. 45 2.62 3.48
WC-6 Pk 2. 00 5.41 3.08 2.65 1.16
WC-7 A6 A 4,25 25. 30 4,21 2. 60 3.11




