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Movement of Fluid in Soil Macropores
and Three-dimensional Expression of Pore Networks
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Summary

In this paper, radiographs of soil macropores were obtained by using soft X-ray radiography and several
quantitative analysis were carried out by image processings. The soil samples tested were andosols which have
a lot of macropores and duralumin samplers were used due to their strong X-ray transmittance property.

The methodologies and experimental results are as follows :

1) By injecting liquid contrast agent (CH,L,) into the soil samples, the fluidities were recorded using a X-ray
TV video camera. It can be seen by the video recording that the fluid flowed with pulsatory motions in the
macropores connected with each other.

2) The spatial structures of macropores (in 3D graphics) were drawn from the stereoradiographs using a
personal computer resulting to the visual observation on the spatial continuities of soil pore structures and the
calculation of their actual lengths.

3) The coefficient of the permeabilities were calculated by using the fluid velocities and the diameters of the
main macropores, respectively, and compared with the values of the permeability tests. Differences were found
among the permeability values of the main macropores and of the soils.

The results of this experiment show the importance of a more reliable information on soil macropore
structures through the improvement of the experimental procedure.
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Table 1 Properties of soil samples
EB1 KB 2
TR
ABJE ARg B
HILE 2.62 2.51 2.52
EREE (8 em™) 0.66 0.75 0.65

EBHRE (X10-°cm?) 13.1 9.46 8.96
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Table 2 X-ray intensity
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(#) (P3=2) EB1 EER2
MRIRI GRS (0 om™) 9.27 0.721 0.827
HEES (T cm) 0.4 0.4 2.64 4.6
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Table 3 Properties of diiodomethane
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X H,0 0.998 (20C) 1.004x107® (20C) 1.002x1072 8§~9
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R—5 EBFREOEREL (ERCLEKTER, KIFE 10cm, Hfrem®)

Table 5 Variation of permeability (Constant head permeability test, head: 10cm, umit: cm?)

. KM (min)
AR ES
15 35 45 55
Al 3.92x10°* 5.06 X107 6.53x10°1 7.44X1071 1.01x10°1° 6.62x10°1
B1 5.02x10°% 7.24X10~1 6.13x10°*
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Table 6 Contrast agent velocity in the macropores X,—X,
and the mean diameter Z= L+X,—X, (3)
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B1 0.414 0.74 1.16 0.35
1.13 0.77
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ER—1 #®XHEHE (£8R1)

Soft X-ray radiograph (Experiment 1)
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Soft X-ray radiograph (Experiment 2, Al)
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E—3 ML 3 XRIchlEmFoR (BEHE D)

Fig. 3 Three dinensional display of soil macropores

x—7 EZEFEE (CTAEBRCL )

Table 7 Permeability (on video image)
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Table 8 Permeability (on stereoradiography)

. e FHEE EiBR . HE %8R
. it o st U B
S cm cm cm cm
=4 | 3.08x107*° s8] ey 0.062 5.17X10"®
0.501 0.052 B/ME 0.041 9.88X%10°°
Al 0.526 0.035 1.77X1071° B 1 F 0.146 1.29X107
0.854 0.105 g2 BAfE 0.063 4.59x10"°
EE 2 0.365 0.072 2] 0.126 7.19X10"®
B1 6.45X10~4 B2
0.414 0.074 BAfE 0.067 5.64Xx10°°
1.650 0.060
. X —10
B2 0.462 0.057 1.1510
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Table 9 Comparison of permeabilities (test 1, unit: cm?)

kl kz ka k4 k5
Biom iy e 1.31x10-® 3.08x10-° 5.17x10"8 9.88%x107° 2.99x10-°
k, &k 1 0.24 3.95 0.75 2.28
2—10 ZBREOHE (FE2, KEZE 10cm, HAL:cm?)
Table 10 Comparison of permeabilities (test 2,head: 10em, unit: cm?)
PR B 5 k; k» ks ks
Al HRRE 9.46%x10° 1.77x1071° — —
k, & Dt 1 0.0187
B1 EBRE 9.72x10"° 6.45x10~1 1.29%10°7 4.59%10"°
k, & kb 1 0.0066 13.3 0.47
B EBRRE 8.21x10~*° 1.15x10-% 7.19X10°8 5.64%X107°
k, & Dt 1 0.0140 8.76 0.67
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