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A Study on the Effect of Organic Permeant on Permeability of a Natural Clay
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Summary

Compacted clay materials are often used to form barriers for waste disposal by means
of landfill. The performance of clay barrier depends on its permeability characteristics
under the site environments. The study discusses permeability characteristics of 4 types
of permeants through a compacted clayey soil. Permeabilities are measured using the
modified rigid-wall permeater and with water, PEG, Ethanol, and TCE, ranging 80 to 3.4
of dielectric constants. Results of the study are as follows :

1) Absolute permeabilities of Ethanol and TCE that their dielectric constants are lower
than that of water are K=1.0x 10-12cm?, and 5.8 X 10-1%cm?, respectively, that is, 1.67,
and 9.67 times of permeability of water, respectively. Absolute permeability and dielectric
constant of water are K=6 x 10-'3cm? and 80, respectively.

2) Changes in absolute permeability of Ethanol and TCE converge to a constant after
3.5 pore volume of permeant flows through the clay sample. This can be explained that
diffuse double layer of clay is no longer reacted with permeants and contracted their
pores. However there is no change in absolute permeability when water is used as a per-
meant.

3) It is found that absolute permeability in reversely proportional to the value of die-
lectric constant.of the permeants. Change in absolute permeability of the permeants with
40 or over of dielectric constant is not significant. However change in absolute
permeability of the permeant with 30 or lower dielectric constant is abruptly increased.

4) A lower absolute permeability of PEG is found because of its high viscosity.
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Table-1. Physical properties of a natural
clay used in the test

e Liquid | Plastic
Specif Plasti
Gpec’_:c Limit | Limit Izsw USCS
ravl naex
o) | (%)
2635 | 36.2 | 1958 | 1662 | CL

Table-2. Physical and chemical properties of
permeant used

Permeant| D Formula Y u
Water 80 Hy0 0.98 1.004
TCE 3.4 C,HCl; | 1.465 0.58
Ethanol | 25 C.HsOH | 0.789 1
PEG 37.7 CHeO, | 1.125 8.21

D : Dielectric constant
y . unit weight(g/cm?)
. viscosity(centipoise)
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Fig. 1. Grain size distribution of a natural clay
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Table-3. Initial conditions of specimens used in the test

specimen initial conditions
soil | permeant Dry density| Water content |void ratio Dgg. of Pore volume Relative
7a(g/cm?) o(%) e saturation, S,(%)] V,(cm®) |compaction, R(%)
_water 1.52 25.28 0.73 91.44 20.38 94.69
natural| Ethanol 1.55 25.62 0.70 "96.24" '19.67 96.19
clay TCE 1.54 25.57 0.71 94.66 19.84 95.62
PEG 1.57 24.34 0.68 94.31 19.57 97.42
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Table-4. Change of absolute permeability

Permeant Pore volume vs absolute permeability
Water Pore Volume 0.5 1.2 1.7 2.2 2.7 - -
Absolute Permesbility(cm?) | 6x10° | 65x 101 | 5.6x10°8 | 5.2x10™8 ] 6x 10718 - -
Ethanol Pore Volume 0.5 1.0 2.0 3.0 3.7 4.5 —
Absolute Permeability(cm?) | 3.8X10% | 42x10%8 | 6x10% | 9x10% | 1x107%2 | 1x1012 -
TCE Pore Volume 0.3 0.5 2.1 2.8 3.6 4.6 6.6
Absolute Permeability(em?) | 3.6X101% | 4x101% | 28x 102 | 4x10'2 | 5x102 | 4.9x1072 | 58x 10"
PEG Pore Volume 0.13 0.16 0.19 0.21 0.22 - -
Absolute Permeability(em?) | 19X10"% | 11x107 | 85x10™ | 83x10™ | 82x 10" - -
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