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Table 2 Numerical simulation condition table

THGS  BUEARIARE . U /mm R/ C || TOS  BIEAORIARZE  BUEUER /mm R/ C
Sim-1 =5 40 200 Sim-13 +4% 40 200
Sim-2 S 40 400 Sim-14 T3 40 400
Sim-3 =5 40 600 Sim-15 +4 40 600
Sim-4 55 40 800 Sim-16 135 40 800
Sim-5 255, 100 200 Sim-17 +3 100 200
Sim-6 =5, 100 400 Sim-18 +-35 100 400
Sim-7 e 100 600 Sim-19 +3 100 600
Sim-8 25 100 800 Sim-20 135 100 800
Sim-9 e 150 200 Sim-21 +-3 150 200
Sim-10 =5 150 400 Sim-22 +4% 150 400
Sim-11 255 150 600 Sim-23 T3 150 600
Sim-12 =5 150 800 Sim-24 +4 150 800
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Table 3 Numerical simulation parameter table
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Fig. 3 Diagram of numerical simulation verification
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Fig. 4 The temperature of the measuring point varies with the heating temperature under different backfill materials
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Fig. 5 Three-dimensional cross-sectional diagrams of temperature without backfill material at different heating temperatures

TR TREC

800 800

700 700

600 600

500 500

400 400

300 300

200 y 200

L
(a) JnFAJREE200 C (b) JMFALE400 °C

TR C AL

800 800

700 700

600 600

500 500

400 400

300 300

y 200 y 200

zl—x ZI_.x
(c) T 600 °C (d) AR 800 °C

Bl 6 TIREIEARFRMMPEETERE=4YIHE

Fig. 6 Three-dimensional cross-section diagrams of temperature with soil backfill at different heating temperatures
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Fig. 7 Three-dimensional cross-sectional diagrams of temperature without backfill material and heating temperature at 800 °C
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Fig.-8  Three-dimensional cross-section diagrams of temperature with soil backfill and heating temperature at 200 °C

3 #i

1) sy P AE IO A AL AT 45 R 5 S s W) & RS, PR S/ N e Xt iR 25 R 7.50 °C,
/N MR 22K 6.69%. I, %A Bl S8R R A 5

2) TEfm i (800 °C) &, TR R (102 SAFTE) 1Y 1L FAROCR 1 3 00 T b [l B 0 T A% 3k
B MR (200 C) & BT, JC IS R4 A% BOSOR B+ IS B0 F A AROR 25 0 IR IECR )Y
TEHCE I Sy G B /N T 300 °C B, AT R R A SR HEAT R TN AR BE K T 450 <C B, R



%2 XUSEIIAE - (ORI e S S A 2 B B (B AN 563
IV [B1 3

I AL REOR o e R & TR SCER P, RN T R T 450 C) =X

3) TEMPGREE =T 450 °C . JCRUEAELE IR 100 mm B &GO UG T RS FE 4081 150 mm

[ 51 (RIJC Ja] A} ) J8

e N 100 mm; [A] B, MRIESNER DT 300 °C) J5 - (o] 48 5 5 [A] R 4 77 100 mm,

=

=

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

% 3wk

XUHIJ,LIY Z, GAO L J, et al. Planned heating control strategy and
thermodynamic modeling of a natural gas thermal desorption system for
contaminated soil[J]. Energies, 2020, 13(3): 642.

ARG, SR 3CH, P9I, 5. PR IHEORE A LG Y AT ST
FHIERE[T]. PR5E TRz, 2019, 13(9): 2037-2048.

LACHANCE J, COM J T, BAKER R S, et al. Application of 'thermal
conductive heating/in-situ thermal desorption (ISTD)'to the remediation
of chlorinated volatile organic compounds in saturated and unsaturated
settings[C]//Proceedings of Battelle ’s Conference on Remediation of
Chlorinated and Recalcitrant Compounds, Columbus, 2004: 1-8.
HERON G, PARKER K, GALLIGAN J, et al. Thermal treatment of
eight CVOC source zones to near nondetect concentrations[J]. Ground
Water Monitoring and Remediation, 2009, 29(3): 56-65.

BAKER R S, HERON G, LACHANCE J. 2-D physical models of
thermal conduction heating for remediation of DNAPL source zones in
aquitards[C]//Consoil 2008. 2008: 1-10.

XIE Q, MUMFORD K G, KUEPER B H. Modelling gas-phase recovery
of volatile organic compounds during in_situ thermal treatment[J].
Journal of Contaminant Hydrology, 2020, 234: 103698.

YU Y, LIU L, YANG C, et al. Removal kinetics of petroleum
hydrocarbons from low-permeable soil by sand mixing and thermal
enhancement of soil vapor extraction[J]. Chemosphere, 2019, 236:
124319.

DAVIS R J, LILJESTRAND H M, KATZ L E. Evidence for multiple
removal pathways in‘low-temperature (200-400°C) thermal treatment of
pentachlorophenol-laden soils[J]. Journal of Hazardous Materials, 2020,
400: 122870.

STEGEMEIER G L, VINEGAR H J. Thermal Conduction Heating
Conduction Heating  for In-Situ Thermal Desorption of Soils[M].
Florida: CRC Press, 2001:1-37.

DING D, SONG X, WEI C, et al. A review on the sustainability of
thermal treatment for contaminated soils[J]. Environmental Pollution,
2019, 253: 449-463.

BRI, F1 1, 1KLL, 4. MR AL M HEAE 4 A AT PR S o (R 3R
SR A 523, 2016, 30(4): 441-445.

FRLL, 200, B IR T IR AR AR R[], K

(WAE% 5. 28 %)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

fiE2E4R, 2017, 38(1): 172-179.

XU J, WANG F, SUN C, et al. Gas thermal remediation of an organic
contaminated site: field trial[J]. Environmental Science and Pollytion
Research, 2019, 26(6): 6038-6047.

JIN H, GUO Y, DENG H, et al. A simulation model for coupled heat
transfer and ‘moisture transport under the action of heat source in
unsaturated soils[J]. Scientific Reports, 2018, 8(1): 7750.

JIAO Q'W, ZHANG Y T. Modeling and simulation of heat and moisture
transfer of the geothermal borehole[J]. //26th Chinese Control and
Decision Conference (2014 CCDC), 2014: 3347-3351.

AHMAD S, RIZVI Z, ARSALAN K M, et al. Experimental study of
thermal performance of the backfill material around underground power
cable under steady and cyclic thermal loading[J]. Materials
Today:Proceedings, 2019, 17: 85-95.

B, TR0, B8, 45 B R Kk Aouk A S AR P 9 R
BRI P E R AR, 2019, 30(4): 427-433.

LI Z, WANG W W. Main existing problems and respective
countermeasures of ground-source heat pump technique applications[J].
Applied Mechanics and Materials, 2013, 433-435: 2327-2330.

ERE, WAL, O5O7, A5 WU IR AR RS PICR
A [I]. H1V 52594, 2019, 33(3): 240-244.

LIU L, CAI G, LIU X, et al. Evaluation of thermal-mechanical
properties of quartz sand-bentonite-carbon fiber mixtures as the borehole
backfilling material in ground source heat pump[J]. Energy and
Buildings, 2019, 202: 109407.

XUWH 25, BRATE, AHE T, A5, MR AR IR B b 45 345 101 35 1 ) S 6
FET. WAL, 2007(8): 60-62.

M. MR A AR RR S [ U R OB R 55 M BTS2 [D]. B R -
AR, 2020.

MCWATTERS R S, ROWE R K, WILKINS D, et al. Modelling of
vapour intrusion into a building impacted by a fuel spill in Antarctica[J].
Journal of Environmental Management, 2019, 231: 467-482.

AL/ - SURAAAE e B A RS N AN 1 = Sh S
BUEBFFE[D]. V6% K22 K2, 2016.

SNE, FERR, KR, 45, A 2l 1 A Hhe PR B8 A PR P (B A
L], FRBEE T R222E 4 (A SR BRE), 2020, 34(12): 226-236.


http://dx.doi.org/10.3390/en13030642
http://dx.doi.org/10.12030/j.cjee.201905108
http://dx.doi.org/10.1111/j.1745-6592.2009.01247.x
http://dx.doi.org/10.1111/j.1745-6592.2009.01247.x
http://dx.doi.org/10.1016/j.jconhyd.2020.103698
http://dx.doi.org/10.1016/j.chemosphere.2019.07.050
http://dx.doi.org/10.1016/j.jhazmat.2020.122870
http://dx.doi.org/10.1016/j.envpol.2019.06.118
http://dx.doi.org/10.1007/s11356-018-4027-2
http://dx.doi.org/10.1007/s11356-018-4027-2
http://dx.doi.org/10.1038/s41598-018-26108-x
http://dx.doi.org/10.1016/j.matpr.2019.06.404
http://dx.doi.org/10.1016/j.matpr.2019.06.404
http://dx.doi.org/10.4028/www.scientific.net/AMM.433-435.2327
http://dx.doi.org/10.3969/j.issn.1005-0329.2007.08.016
http://dx.doi.org/10.1016/j.jenvman.2018.07.092
http://dx.doi.org/10.3390/en13030642
http://dx.doi.org/10.12030/j.cjee.201905108
http://dx.doi.org/10.1111/j.1745-6592.2009.01247.x
http://dx.doi.org/10.1111/j.1745-6592.2009.01247.x
http://dx.doi.org/10.1016/j.jconhyd.2020.103698
http://dx.doi.org/10.1016/j.chemosphere.2019.07.050
http://dx.doi.org/10.1016/j.jhazmat.2020.122870
http://dx.doi.org/10.1016/j.envpol.2019.06.118
http://dx.doi.org/10.1007/s11356-018-4027-2
http://dx.doi.org/10.1007/s11356-018-4027-2
http://dx.doi.org/10.1038/s41598-018-26108-x
http://dx.doi.org/10.1016/j.matpr.2019.06.404
http://dx.doi.org/10.1016/j.matpr.2019.06.404
http://dx.doi.org/10.4028/www.scientific.net/AMM.433-435.2327
http://dx.doi.org/10.3969/j.issn.1005-0329.2007.08.016
http://dx.doi.org/10.1016/j.jenvman.2018.07.092
http://dx.doi.org/10.3390/en13030642
http://dx.doi.org/10.12030/j.cjee.201905108
http://dx.doi.org/10.1111/j.1745-6592.2009.01247.x
http://dx.doi.org/10.1111/j.1745-6592.2009.01247.x
http://dx.doi.org/10.1016/j.jconhyd.2020.103698
http://dx.doi.org/10.1016/j.chemosphere.2019.07.050
http://dx.doi.org/10.1016/j.jhazmat.2020.122870
http://dx.doi.org/10.1016/j.envpol.2019.06.118
http://dx.doi.org/10.1007/s11356-018-4027-2
http://dx.doi.org/10.1007/s11356-018-4027-2
http://dx.doi.org/10.1038/s41598-018-26108-x
http://dx.doi.org/10.1016/j.matpr.2019.06.404
http://dx.doi.org/10.1016/j.matpr.2019.06.404
http://dx.doi.org/10.4028/www.scientific.net/AMM.433-435.2327
http://dx.doi.org/10.3969/j.issn.1005-0329.2007.08.016
http://dx.doi.org/10.1016/j.jenvman.2018.07.092

564 ok L B ¥ W Fl6 &

Effects of backfill materials on in-situ thermal conduction heating remediation
of soil and numerical simulation
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Abstract In-situ thermal conduction remediation technology is ‘an efficient remediation method for organic
contaminated soil. As there will be a certain gap between the heating well and the soil during the construction
process, there is no clear guidance on whether to use backfill materials and the selection principle of backfill
materials. Using experimental and numerical simulation methods, the influence of backfill materials in the in-
situ thermal conduction heating remediation process was studied, and different heating temperatures (200, 400,
600, 800 °C), backfill materials (air, original soil), and backfill thickness (40, 100, 150 mm) on heat transfer.
The results showed that the in-situ thermal conduction -heating numerical prediction model based on
experimental data was reliable, and the minimum average relative error between the simulated calculated value
and the measured value was 6.69%; when the heating temperature was higher than 450 °C, the heat transfer
effect was better without backfill; when the heating temperature was less than 300 °C, it was better to backfill
with soil; at 300~450 °C, the heat transfer effect with or without filler was not obvious; in the application
process of the in-situ thermal conduction heating remediation technology engineering, the heat transfer effect
was best when the thickness of the backfill material was 100 mm. The results of this study can provide a
reference for the engineering practice of in-situ thermal conduction heating remediation of contaminated soil.

Keywords organic contaminated soil; in-situ thermal conduction heating remediation; backfill materials;

heat transfer; numerical simulation
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