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UNFROZEN WATER IN FROZEN SOILS:
MODELS AND METHODS OF OBSERVATION
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Abstract

Soil always contain an amount of unfrozen water even when the temperature of the environment is below 0°C. In

this paper, we explain how van der Waals forces and Gibbs-Thomson effect cause moisture not freezing phenomenon,
and describe the characteristics and limits of application of several estimation models of unfrozen water amount

(UWA) in soils. We also present an overview of measurement methods of UWA and show unfrozen water curve (the
relationship between UWA and temperature) for some types of soils received by pulsed NMR method. In addition,
the application of TDR method to frozen soil is investigated based on the “mixture model”. The derivation of

unfrozen water curve from the soil water retention curve through generalized form of Clausius Clapeyron equation is

also discussed.
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with different total water content, 6, measured by pulsed NMR

Table 1 Properties of soil samples

Sample Texture Slope
Sand Tottori dune S 0.315
Sand2 Toyoura S 0.338
Silt loam  Fujinomori SiL 0.333
GB Glass beads Si 0.282
Clayl Bentonite C 0.597
Clay2 Kaolinite C 0.758
Andisoll Hokkaido SiL 0.278
Andisol2 Nagano - 0.262
Andisol3 Mie C 0.302
Andisol4 Kumamoto - 0.306
Loaml Kagawa L 0.340
Loam2 Okinawa L 0.279
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Fig.2 Relative permittivity of (a) Silt loam and (b) Sand
with different total water content, 6, measured by pulsed NMR
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Fig.3 The relationship between the liquid water content and relative permittivity of (a) Silt loam and (b)

Sand. The closed and open markers indicate samples at subzero and above-zero temperatures.
dashed lines were estimated by the equations proposed by Topp®® and Smith and Tice®",
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Fig.4 Change in relative permittivity of soil depending on (a) temperature and (b) ice content estimated
by the mixing model (Eq. 5) with g, =1, & =4.5, §=23.6, 6 =0.45 and « =0.5.
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Table 2 Coefficient of Eqg. 1.

Eq.7 Topp™® Smith and Tice®”
A 36.27 -76.7 -33.47
B 41.56 146 64.95
C 15.87 9.3 24.82
D 2.02 3.03 4.09
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meter, and (b) unfrozen water curve estimated from (a) through Eq. 9.
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