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Abstract: The gas diffusion (Dy) and permeability (Kg) coefficients are the two important parameters for the study on gas
transport in unsaturated soils. In the present study, the theory of calculating D, and K, for unsaturated soils under steady state is
derived. Dy and K of unsaturated soils are determined based on the relationship between tracer gas concentration (C) and gas
flow rate (g1) and that between pressure gradient (p) and gas flow rate (q2), respectively. A device for in-situ measurement of Dy
and K in unsaturated soils is designed and developed. The soil column tests are conducted to measure D and K, of unsaturated
soils with different water contents. Thereafter, the element tests and numerical simulation analysis are used to verify the
effectiveness of the new method and device. It is found that Dy and K, obtained by the new method are in good agreement with
the results of the element tests and numerical simulations. The results of the sensitivity analysis show that the measurement
accuracy of Dy reduces as the soil water content decreases, while the measurement accuracy of K is independent of water
content of soil. The measurement accuracies of both Dy and K decrease with the increase of the radius of the aeration bulb, but

the measurement of K, is more sensitive to the change of the radius. The measurement accuracy of Ky is about 55% of the true
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value, when the radius of the aeration bulb is 0.05 m. The soil

of Dgw/Dgh and Kgv/Kgn is 0.1, the measurement accuracies of Ui EER: 2022-10-07
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D, and K can still reach more than 40%.

Key words: unsaturated soil; gas diffusion coefficient; gas permeability coefficient; in-situ measurement device; numerical

simulation
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Fig.1 Schematic diagram of spherical gas flow in unsaturated soil
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Fig. 2 Schematic diagram of in-situ instruments of gas diffusion coefficient and gas coefficient permeability of unsaturated soils

mL/min F1 0.01 kPa. HUSE (4ME 3 mm) —ufi' B4R
HARERINS, H—umnE RSN ED. &
T B RS M — 8 B AE, RIS A
AR 7~ B SRR
1.3 MEFE

MR EEHRT, KBRS HbRIRE ORI
FAEAERFOODIREE N 035 m), KRR SR
af CO2e B4, WM& AF/RESIHILERE (Cih
0.03%~0.04%). 54, FIESIRPFENRESM, I
GIE LAY B RS, R ERREME (1
mL/min), A3 SEREE N A XS E/N T 0.01 kPa,
(SR TR N7 L% Y =) R Tabd N PAN I R N7 b i
R g1 I FEH, &ERE 30 min, #HL 3 mL <
RFEA, MR COLMRIE, B WIUESEN R SR 2/
T 0.5%, MHLK COL ¥ HUE B E - FUH RS IR
MRRE, S AngE, EE LR R. HE
R, BUIUSRT, eI 1.5 mL Ak S
BN RERRRIRE IR, SR B USRI
JERL . IR P FIC TSI E S BRI
AR R SR BE R R AR, B R SR R G
TRERE. B&E, KIER 0, THEAERA LR
Y HARE Dee ¥ EURFONE TG, AR
(41100 mL/min), &R HSABIE R K,.
BER SR S SR, TR, KAk E
(200~400 mL/min), Mfi$em TARRKSE, 75 U R
BB JE (2 1~2 min), i 3¢ I A & 58 (Po<S
kPa) FIXE RS E g2 BEFE 30 min 103 —IREL
o AEMURTESARIBIE R K B (12) 1HE A
Flo N T HRENEARERTE, SRR SR A
FS AR E, 2/0EENE 3 K.

2 MRS
2.1 WAL

TR0 FH B A A A 4 N T AL R O by e AR IR
W, R (SM) (ASTM D2487, 2017). 3K
TJa, o2 mm i, ZeBRAHBURARE PR 2 5500,
I 5 B RN 105 oCIE RS P g it T2 /b
24 ho BEFEM IR, WAIBUKE BRI RS KE (w
N 12.5%; 18%, 21%), AR TFIE 2 mm
PLUg/> T IRFR . a, R TN R H S 48
h A KP4l . BRI FEAYE T AR 1. P iR
TEIRE (25£1°C) FNEE (RH=45%) 1HEKISLHR=
W

=1 AR A AR A R

Table 1 Index properties of soils used in column tests
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Table 2 Summary of sensitivity analysis
ro/ /i/_jhﬂ%ﬁﬂﬁfﬁé ng/ ng/ =Y ®
R m W /m (107 m-s) (107 m-s) F AR & 3 (De/Dens Kev/Ken)
1 0.01~0.05 0.35 - 1
2 0.02 0.05~0.45 6.43,4” 4.54,1.43 31.0, 7.46, 2.71 1
3 0.01 0.35 0.1~1
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Dg=2.71x107 m?/s.
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Fig. 3 Sizes and meshing of numerical model
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