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Evaluation of hydraulic properties of a frozen soil based on observed unfrozen water contents

at the freezing front

Kunio WATANABE!, Tetsuya KITO!, Masaru SAKAI? and Nobuo TORIDE!

Abstract: We evaluated hydraulic properties of a frozen
soil based on the observed temperature, water content, and
pressure head near the freezing front in a one-dimensional
freezing column experiment for an unsaturated silty loam
soil. Amount of unfrozen water near the freezing front
was more than equilibrium amount of water according to
the retention curve at the equivalent pressure head because
freezing was a slow process. We proposed a modified-60
model to describe nonequilibrium amount of unfrozen wa-
ter in the retention curve. Coupled heat and water flow
equations were simulated with a modified-0 model as well
as two other existing hydraulic property models: the clas-
sical Harlan model, and the modified-K model. The Har-
lan model overestimated water flow from the unfrozen re-
gion to the frozen region. Although the modified-K model
well simulated water flow in a frozen soil, calculated pres-
sure heads and liquid water content showed unrealistic
changes at the freezing front due to the extremely large
decrease in the hydraulic conductivity. The modified-0
model agreed well with observed liquid water contents
and pressure heads in a frozen soil. The unsaturated hy-
draulic conductivity of a frozen soil based on the modified-
6 model would be more physically feasible than other two
hydraulic property models.

Key Words : frozen soil, unfrozen water, water retention
curve, unsaturated hydraulic conductivity, nonequilibrium
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(a) Water retention curves for the silt loam soil. HW, PP, and WP represent observed data at the room temperature using a hanging
water column, a pressure plate, and the dew point potensiometer, respectively. Multiple marks are liquid water contents measured with
TDR in a column freezing experiment. Solid and dotted lines are the fitted Durner model with parameter values shown in Table 1. (b)
Enlargement of part of Fig. 1(a). Outline marks are observed pressure heads using tensiometers while gray marks are estimated values

based on Eq. (3) for T < 0°C.
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(a) Temperature profiles at 0, 24 and 48 h after freezing started. Plots are observed data in a freezing soil and solid lines are calculated
with the Harlan model. (b)(c)(d) Soil water profiles. Solid and dotted lines are total and unfrozen water contents calculated with (b) the
Harlan model, (c) the K-modified model, and (d) the 8-modified model.
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(a)(c) liquid water contents, and (b)(d) pressure heads as a function of time at different depths in a freezing soil simulated with the
modified-K model and the modified-6 model. Plots are observed date in a freezing soil. Arrows indicate times reached —0.3 °C and

—1°Cat7.5cmand 12.5 cm depths.
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model and the modified-6 models.
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