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Gas Diffusion Coefficient in Unsaturated Peat Soil:
Measurements, Development and Tests of Predictive Models
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The soil-gas diffusion coefficient (D,) and its dependency on air-filled porosity (g) govern the gas

diffusion and reaction processes in soil. Accurate D,(g) prediction models for unsaturated saturated peat soils

are needed to evaluate vadose zone transport and fate of greenhouse gases such as methane in peaty wetlands.

In this study, we measured D, on peat soil samples at different pF conditions, and developed new expressions

for describing and predicting D,(¢). Undisturbed peat soil samples were taken from Bibai wetland, Hokkaido,

Japan. By modifying existing Dy(¢) models, the Buckingham model and the Macroporosity-Dependent model,

we suggested two new D,(g) models for peat soils. To validate the new D(g) models, we tested the models

against independent datasets for peat soil samples from literatures. The modified Buckingham type model

performed the best against independent datasets.
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F1g 1 Samphng points at B1ba1 Wetland Hokkaido,

Japan.
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Table 1. Soil physical and chemical properties for peat soil samples.
Particle Dry Bulk Gravimetric Porosity Saturated Loss-on
Site depth dnsity density ~ water content hydraulic conductivity ~-ignition soc SON C/IN Fiber content H*
Os P4 w ) Ks Li

(cm) (g/em’) (g/em’) (%) (cm’/cm®) (cm/s) (%) (%) (%) (%)
0 142 0.061 1407 0.96 4.26E-03 70.8 383 1.1 339 70.7
5 1.44 0.090 992 0.94 4.29E-03 60.6 346 13 274 89.1
peat 1 10 1.42 0.092 966 0.93 3.68E-03 61.6 343 12 28.9 84.4
15 1.65 0.104 912 0.92 3.90E-03 58.0 278 0.9 336 88.1
20 1.49 0.158 638 0.86 3.96E-03 502 523 15 35.6 91.0
30 1.37 0.108 1206 0.92 3.69E-03 82.0 28.7 1.0 274 86.9
125 2.63 - 283 0.88 5.75E-03 78.8 89.7 2.1 417 63.1
225 1.86 - 700 0.94 - 94.6 72.9 13 54.5 183
ety 25 1.70 0.078 959 0.95 1.09E-03 95.7 86.7 1.0 84.7 11.4

425 1.44 - 922 091 - 96.7 86.6 1.1 813 -
525 1.80 - 955 0.94 1.72E-03 96.8 72.8 0.9 85.0 19.4

62.5 1.51 - 763 0.94 - 97.7 713 0.8 90.8 -
15 1.58 - 315 0.90 1.83E-03 328 52,6 24 217 80.2
Peat 3 30 1.54 0.122 720 0.92 4.61E-04 938 64.8 29 224 38
40 1.52 - 833 0.94 2.79E-03 927 812 28 28.7 19.6
60 1.48 0.099 953 0.93 1.64E-03 88.7 81.6 2.3 362 6.8
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Fig. 2 Experimental device for measuring the soil-gas
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Fig. 3 Initial and boundary conditions for calculating

the soil-gas diffusion coefficient.
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Fig. 4 Pore connectivity factor X as a function of €.
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Fig. 5 Soil-gas diffusivity (Dp,i0¢/Do) as a function of
air-filled porosity (g1¢0) at pF2.0.
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Table 2. Soil physical properties for independent data

Soil Fiber/ Dry bulk Total Referenc
mineral density Porosity e
density
(g/cm’) (g/cm3) (em’/em®)

Organic soil 1.78 0.30 0.83 Freijer
A (1994)
Organic soil 1.59 1.50 091 Freijer
B (1994)

Peat soil A 1.41 0.084 0.90 King &
Smith
(1987)

Peat soil B - - 0.5 Gislerod
atpF 1.1 (1982)

Table 3. Model performance against independent

datasets.

Model RMSE bias
Buckingham (1904) 0.186 0.151
MQ (1961) 0.144 0.101
MPD 0.343 0.239
Buckingham-based 0.036 0.013
MPD-based 0.068 0.041
PC-based 0.075 -0.030

05 [ Buckingham (1904) I/ ]

1 MPD(Z&

03
gO
R MQ (1961)

02 r

/% e o
. MPD-based model
0.1 £ o. (=34, £,;=0.47)
® o
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0.0

0.0 0.2 0.4 0.6 0.8 1.0
Air-filled porosity & (cm?/cm?)

@ Organic soil A (Freijer, 1994)

O Organic soil B (Freijer, 1994)

A Peat soil A (King &Smith, 1987)
A Peat soil B (Gislerod, 1982)

Fig. 6 Independent measured D,/D, values and

predictions by existing and newly-developed models.



T

AWFFEDZETICHT D, BR)IINE—K, KBEERK, &
HEK, fL—FR2 S S« ZBE&TE ., K
WFIEIE, BMERFROIIEHE T 2o =7 Mk,
FR 20 4SRN R s o E R AT L A FEBh A, B
iR LSRR 728 (No.18360224) OB 47-, =
ZICRLTHEELRT,

BEIHR

1) REWC, BAE ORI T2, JEEE, 1995.

2) hniEE, K, KRR, KRB, BRE
F OV MR O HE TErM e, AR SUE,
No.370/111-5, pp.271-280, 1986.

3) liyama, I., and Hasegawa, S., Gas diffusion coefficient
of undisturbed peat soils, Soil Sci. Plant Nutr. 51, pp.
431-435, 2005.

4) Tliduka, K., K. Kawamoto, T. Komatsu, and S.
Hasegawa, Effect of shrinkage following drainage on
soil-gas diffusivity and air conductivity in peat soil., J.
Jpn. Soc. Civil Engineers G 64(3), pp. 242-249, 2008
(in Japanese with English summary).

5) Klute, A., Water retention: Laboratory methods. pp.
635-662, In A. Klute (ed.). Methods of Soil Analysis:
Part I. Agron. Monogr. 9. ASA and SSSA, Madison, W1,
1986.

6) Campbell, GS., A simple method for determining
unsaturated conductivity from moisture retention data,
Soil Sci. 117, pp.311-314, 1974.

7) EBRE T, T APEEEREGNE & R, i
DB 55, pp.53-60, 1987.

8) Rolston, D. E. and Moldrup, P., Gas Diffusivity, In J. H.
Dane and G. C. Topp (eds.), Methods of Soil Analysis,
Part 4. SSSA Book Ser.5, ASA and SSSA, Madison,
WI, pp.1113-1139, 2002.

9) Curiie, J. A., Gaseous diffusion in porous media: Part 1.
A non-steady state method, Br. J. Appl. Phys., No.11,
pp.314-317, 1960.

24

FEMERLDH RILHFREBDBEETRET IILOEE- R

10) Penman, H. L., Gas and vapor movements in soil: The
diffusion of vapors through porous solids, J. Agric. Sci.
30, pp.437-462, 1940.

11) Buckingham, E., Contributions to our knowledge of the

aeration of soils, USDA Bur. Soil Bul. 25. U.S. Gov.

Print. Office, Washington, DC, 1904.

12) Call, F., Soil fumigation: V. Diffusion of ethylene

dibromide through soils, J. Sci. Food Agric. 8,

pp.-143-150, 1957.

13) Millington, R.J., and J.M. Quirk, Permeability of

porous solids, Trans. Faraday Soc. 57, pp.1200-1207,

1961.

14) Moldrup, P., T. Olsen, T. Yamauchi, P. Schjenning, and

D.E. Rolston. Modeling diffusion and reaction in soils:

IX. The Buckingham-Burdine-Campbell equation for

gas diffusivity in undisturbed soil, Soil Sci. 164, pp.

542-551, 1999.

15) Moldrup, P, T. Olsen, P. Schjenning, T. Yamauchi, and

D.E. Rolston, Predicting the gas diffusion coefficient in

undisturbed soil from soil water characteristics, Soil Sci.

Soc. Am. J. 64, pp.94-100, 2000.

16) Currie, J.A., Gaseous diffusion in porous media: Part 1.

A non-steady state method, Br. J. Appl. Phys. 11,

pp.314-317, 1960.

17) King, J.A., and Smith, K.A., Gaseous diffusion through
peat, J. Soil Sci. 38, pp.173-177, 1987.

18) Freijer, J.I., Calibration of jointed tube model for the
gas diffusion coefficient in soil, Soil Sci. Soc. Am. J. 58,
pp-1067-1076, 1994.

19) Gislerod, H.R., Physical conditions of propagation

media and their influence on the rooting of cuttings.

Plant Soil 69, pp.445-456, 1982.





