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Abstract: This paper is the result of the geothermal geological survey engineering.
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[Objective] Thermal properties are important parameters for the evaluation and utilization of shallow geothermal energy
resources. [Methods] In this work, we collected 695 quaternary samples from alluvial and diluvial fans in Beijing plain. Then
thermal properties and geotechnical parameters were tested, and the characteristics of thermal properties and their influence on
shallow geothermal energy extraction were analyzed. [Results] The results show that the average range of quaternary samples in
Beijing plain is 1.465—2.022 W/(m - K) for thermal conductivity, 0.450x10°~0.841x10°m?/s for thermal diffusion, and 2.323—3.080
MJ/(m’ - K) for specific heat, respectively. There is a linear relationship between the thermal conductivity (1) and the thermal
diffusivity (x) with correlation equations A =1.6973x + 0.6127. The finer the particles size of quaternary loose sediments, the lower
the thermal conductivity. The thermal conductivity increases rapidly with the moisture content within the range of 0—5% and tends
to stabilize within the range of 5%—20%. The thermal conductivity decreases with the increase of water content within the range of
20%—40%. Under natural state, the thermal conductivity increases with the increase of the density and decreases with the increase of
the pore ratio. When the sample temperature is in the range of 0—40 °C, the thermal conductivity first decreases and then increases
and keeps lowest at 20 °C. [Conclusions] Thermal properties of the quaternary vary with geological conditions. They are related to
the storage, collection and diffusion capacity of shallow geothermal energy. The larger the thermal conductivity, thermal diffusivity

and specific heat capacity, the greater the soil heat storage and thermal conductivity.

Key words: thermal conductivity; thermal diffusion; specific heat; quaternary; shallow geothermal energy; geothernal survey
engineering; Beijing plain

Highlights: The statistical characteristics of quaternary thermal conductivity, thermal diffusivity and specific heat in Beijing plain
area are obtained, and the influence of thermal physical parameters on shallow geothermal energy exploitation is analyzed.
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Fig.1 Suitability zones of buried pipe ground source heat pump system in Beijing plain
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Fig.2 Map of sampling locations
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Table 1 Sampling points of Quaternary sediments in the

Beijing Plain
P WOREIXE BRALE CRFEECEAE BAALIERUm

1 X 37 240 1982.5
2 & FIX 12 66 750
3 FARHIX 6 30 240
4 KX 18 95 1040
5 Bl X 4 11 112
6 HFUEX 4 21 280
7 HrlX 1 1 60

8 TARIX 8 36 505
9 IR SLIX 6 126 600
10 HERIX 11 59 780
1 RIWIX 1 10 120
12 it 108 695 6469.5
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Table 2 Thermal conductivities of Quaternary in Beijing

plain
s HYE O BN VEE/A(W/(m-K)) BMEEARE R
WAL [ 3 1.912~2.213 2.022+0.165
R0 3 1.285~2.249 1.624+0.541
it 5 1.080~2.259 1.580+0.516
W+ SR 36 1.087~2.121 1.611+0.318
4iiwb 39 1.162~2.045 1.601+0.223
bR 13 1.078~1.939 1.579+0.248
" WO R 1 13 1.122~1.846 1.627+0.210
; ik 1 64 1.169~2.177 1.695+0.235
gk 273 0.851~2.083 1.465+0.307
Fivkt ERFEEL 92 1.021~2.083 1.559+0.286
it 78 1.010~2.352 1.683+0.370

R3 LEFERERXEMARYT BE
Table 3 Thermal diffusivity of Quaternary in Beijing plain

P s HIE BESBANEC SEE/(mmY/s) bR HE 2
LY [ 3 0.792~0.872  0.841%0.043
(R0 3 0.421~0.927  0.677+0.253

Fwb 5 0.525~0.956  0.709+0.170

W+t ik 34 0.516~0.980  0.717+0.131
ZHb 35 0.557~0.900  0.719+0.098

Keb 7 0.558~0.869  0.682+0.124

Wl wEk L 16 0.365~0.860  0.581=0.145
Ry 1 34 0.474~0.745  0.616=0.074

Mo R 129 0.363~0.653  0.508+0.074

FrEL SRR L 38 0.353~0.594  0.466=0.064
L 28 0.351~0.543  0.450+0.051

x4 IRFRERENRILAR
Table 4 Specific heat capacity of Quaternary in Beijing

plain

. . FEah \ TN
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[l [ ik 3 2.278~2.549 2.414+0.135
Wb 3 1.980~3.065 2.493+0.545
ik 5 1.382~3.818 2.421£0.971
i+ b 32 1.713~3.095 2.389+0.370
4w 33 1.799~2.888 2.32340.304
Kb 8 1.379~2.868 2.344+0.496
" Wkt 13 1.709~3.342 2.707+0.478

*ﬁi A W\
gt 27 2552~3.100 2.846+0.148
BHEEE 109 2.666~3.328 3.000+0.156
kL ERFE L 33 2.772~3.314 3.064+0.146
it 25 2.608~3.514 3.080+0.241
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Fig.3 The boxplot of thermal conductivity of different lithology samples
a—Thermal conductivity; b—Thermal diffusion; c—Specific heat; Division character means: Maximum, 75% quantile, the median, 25% quantile, and
the minimum value and coefficient curve of thermal conductivity and thermal diffusion (d)
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K, BB T 10%0T, Fifi 2 7K 00 18 in A 3 1) 14
KB TRuE . SO T4 AR i EATRL oK
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FECE TR RIE R REIR(E K 20%~40%)
5.3 ZEFMFLEELL

B (p) FLBRH () IR o ) 2 2
HEZ — BARICRERMATRE RREE L
BRI TS A58 T AL RF R X AR DU R 2 3
RERIRE R SR G MZ . I 4c A 7
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L 4d T, S0 2R 5 Ao Bl LB L 3G
FAARG , 4H 56 5 #2  4=—0.8752e+2.1620, R=0.7579.,
WHFAEOLT , A S, HARFLBR R RN FLBR H
B/, H % B 0B OR (B2 W3 55, 20145 T3 755
2014), VG REBEZ BN, [ 2, PR REET, KA
Y 55 DU R i I R 5 T IR R 45 (2018b) T
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54 BE
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