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Soil Air Permeability Model Based on Soil Physical Basic Parameters
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Abstract; The transport process of soil gas is pretty complex. It is influenced by many factors, which are
influenced and restricted by each other. It has heavy spatial variation, and the spatial distribution and
variation extent present very complex relationship with many factors. So it is very difficult to estimate the
average conductivity of soil gas accurately in a large area when this happens in wild. This paper
establishes a functional model about soil physical basic parameters and soil air permeability on the basis of
data from measured soil samples. The results show that R*, the fitting degree of air permeability and
water saturation, is up to 0. 95 in sandy soil and more than 0. 69 in clayed soil, because the clayed soil
has higher soil structuralism. The fitting degrees of genetic algorithm system of the above two kinds of soil
are more than 0. 90. The absolutely relative error between the fitting air permeability and the measured air
permeability is less than 0. 1 by using this functional model. Furthermore, this functional model proves
applicability and has good effect. The proposed method simplifies complicated calculation process of
practical application and provides reference to gain soil gas transportation dynamics parameters quickly
and easily.
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Tab.1 Basic physical properties of measured soil samples
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Fig. 1  Scatter plots of measured air permeability and saturation in logarithmic relationship
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Tab.2 Fitting coefficients

SRR L X b Ina a FAEH X b Ina a
AR 1.3939 0.5659 1.7610 Kt B 2.707 1 1.053 2 2.866 8
TR il 3.2059 1.526 4 4.6016 % 1] 5L 3.1143 0.587 4 1.799 3
K X 4.7369 2.2259 9.261 8 Wk X 4.8549 2.0399 7.689 8
x3 WERH o b RRE
Tab.3 Fitting coefficients «,,b, and errors
WA RH : e IS
1 2 3 4 5
a; -40. 087 2.330 1 -3.0112 0.878 8 -0.098 3 -0.027 1 0.996 9
b, -5.084 4 2.0298 -0.0520 0.2393 0.1697 -0.094 9 0.9107
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Tab.4 Comparison of fitting coefficients «,5 and measured values
T X + 5 . ’
WA S E B WA S E B
A B b+ 1. 894 1.761 -0.133 1. 659 1.394 -0.265
IR i g+ 4.769 4. 602 -0.167 2.813 3.206 0.393
FerpE X FiE+ 9.215 9.262 0.047 4. 805 4.737 —0.068
Kt B B 3.065 2. 867 -0.198 3.264 2.707 -0.557
)] B Bkt 7.770 7. 690 -0.080 4.751 4.855 0.103
AN A+ 1. 686 1.799 0.113 2.757 3.114 0.358
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Tab.5 Self-inspection from fitting coefficients to
air permeability
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Tab.6 Calculated soil air permeability according to soil physical parameters
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K X a
(g-g™") (gg™") (emes™') (em=s™") (emes™')  URMNIRZE

KT 1.816 0.671 5. 805 31.978 1.588 1.536 1.749 -0.034
kg B 2.672 0.558 15.278 30. 380 1.810 1.792 2.780 -0.010
“GIEH 2. 446 0. 651 13.762 30.619 1. 659 1.613 2.530 -0.028
[ENEES 1.778 0. 809 8.275 32.743 1. 405 1.362 1.710 -0.032
T 1. 461 1. 037 18.281 36. 529 0.711 0.737 1. 480 0.035

3 P, KRB A AR 5 5000 4 5 5 AR A X R 22
g Te

(1) Ry A 5 A A A7 T 3 AL IR
AR SC R g K SN AR ST AR B AR G
FON B R BCF R, 255 U gkl - ey B
FEAR SR, LT Matlab 35t (% 5395 906 15 21 45 48 i f
MRS, RIS AES WM NS
JERF R 3K 0.95 LA b, 1 86 1k 1) - S 4 F ke
R1E0.69 DL . MEHERFLARK o b, R
135 0.90 P b, 3 AGE 5 p AR B4 G R B A X R
ZEBIN . PREL a b B H 5 200 15 22 50N, Ui B
T XS PR AT o

(2) FI LA S5 A KU G 38 S AR
s I AW/ ob= 351 R S I W TR s e % G 1 e

BN B ORI (038 22 A0 R 22 WA R AE
TR ZE FUVEIE B P 2 3 S PR o

()RS5 LA B B 317 Bk % B4
BRSNS TEMEXREL /N T 0.04,
I HA M M R S R 22 4 X 0, i 2 Pk
1 AN RS R 258K, X 5 4518 (2) T B R ZE R —
U T %R R pR B b A g XA B 1 ]
FEE

(4) A 36 3 7 74 b DX BT 4 T 5 AR 1
N O R AP B PR BT R 24T, SO T IR U5 ik
TN AT A B P 4 T R JR L DXL H A 5k A
X B T, HZ ek ROk R AR R iE H T R 5 210
AR B R ) XA 15— 2P B TR IE



130 | 1 R A= 20154

10

11

12

13

15

& % x Wt

EIAE, E40u, Rn, & B0 o sl 2 B OK TR S B RS S B R AE LT ] A0l TR E i, 2013,
29(9): 94 - 102.
Wang Weihua, Wang Quanjiu, Wu Xiangbo, et al. Characteristics of spatial distribution of soil water conductivity, air
permeability, and heat conductivity in typical oasis croplands of Linze County at middle reaches of Heihe River[ J]. Transactions of
the CSAE, 2013, 29(9) : 94 —102. (in Chinese)
Loll P, Moldrup P, Schjonning P, et al. Predicting saturated hydraulic conductivity from air permeability; application in stochastic
water soil hydraulic conductivity modeling[ J]. Water Resources Research, 1999, 35(8) : 2387 -2400.
Iversen B 'V, Moldrup P, Schjonning P, et al. Field application of a portable air permeameter to characterize spatial variability in
air and water permeability[ J]. Vadose Zone Journal, 2003, 2(4) :618 - 626.
Moldrup P, Olesen T, Komatsu T, et al. Tortuosity, diffusivity, and permeability in the soil liquid and gaseous phases[ J]. Soil
Science Society of America Journal, 2001, 65(3) :613 - 623.
Tuli A, Hopmans J] W, Rolston D E, et al. Comparison of air and water permeability between disturbed and undisturbed soils[ J] .
Soil Science Society of America Journal, 2005, 69(5): 1361 - 1371.
Smith J] E, Robin M J L, Elrick D E. A source of systematic error in transient-flow air permeameter measurements | J]. Soil
Science Society of America Journal, 1997, 61(6): 1563 — 1568.
R, kiRAe, WA, F. TR AORBES B S R s iAok g [J]. L3, 2012, 44(6) : 1048 - 1053.
Li Lusheng, Zhang Zhenhua, Pan Yinghua, et al. A simplified solution to key parameter s on transient-flow modelin measuring air
permeability[ J]. Soils, 2012, 44(6) : 1048 —1053. (in Chinese)
PR, IR, BT, % BSZgERRAMT R IRERANX [J]. SARFEM: ARPARR, 2011(4) : 352 -
356.
Li Lusheng, Zhang Zhenhua, Zhao Lili, et al. Empirical formula for measuring air permeability in three-dimensional transient
boundary conditions [ J]. Ludong University Journal; Natural Science Edition, 2011(4) : 352 =356. (in Chinese)
Rl A RARAE AR S —Ff A0S L R AR SARY [ 1] 24 ,2012,49(6) £ 1252 - 1256.
Li Lusheng, Zhang Zhenhua, Pan Yinghua, et al. Transient-flow model for in-situ measuring of soil air permeability [ J]. Acta
Pedologia Sinica, 2012,49(6) :1252 - 1256. (in Chinese)
ETAE, EL2IL,KEN. W LIRS RS RIESEZWME RS T]. R R ,2014,45(7) 118 - 124.
Wang Weihua, Wang Quanjiu, Zhang Zhipeng. Basin scale spatial distribution of soil air permeability and analysis of its impact
factors [ J]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(7) ;118 —124. (in Chinese)
FETA. LSRR RRE BOR A 1 F S B0 B R PR F R (D] 0% . P54 31 TR %%, 2013,
E A, E AL BRI R N 2 A R s AR S RO S [T ] AR BLAR 2% 4z ,2014,45(4) ;179 — 183.
Wang Weihua, Wang Quanjiu. Scale-dependency of spatial variability of soil air permeability on typical oasis croplands at middle
reaches of Heihe River[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014,45(4):179 - 183. (in
Chinese)
ERAE, E2IL,ZB0T. KEWX BIESRBERHGFKENRRT]. Ll T4 ,2009,25(11) : 120 - 127.
Wang Weihua, Wang Quanjiu, Li Shuqin. Character of soil air permeability and its relationship with water conductivity in
Changwu, loess region of China[ J]. Transactions of the CSAE, 2009, 25(11): 120 —127. (in Chinese)
XSG LSRR AL S TR AR (M) U b AR 9 A, 1996.
FEDA, E2BE FUR L 532 RIS R FAEGEREM KRNI ol TR 2%1R,2008,24(8) .25 -
29.
Wang Weihua, Wang Quanjiu, Fan Jun. Relationship between air permeability, water conductivity and water content for

undisturbed and disturbed soils[ J]. Transactions of the CSAE, 2008, 24(8) : 25 -29. (in Chinese)



