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Summary

Discussions were made of mass transport through rigid ice under imposed hydraulic gradi-
ents and/or temperature gradients using an ‘“ice sandwich” apparatus, which is shown in
Figs. 1 and 2. The experimental data was analyzed under the following assumptions: first,
the Clausius-Clapeyron equation is applicable to an ice-water interface at a millipore filter;
secondly the generalized Darcy’s law is applicable to the mass transport of ice. The discus-
sions were mainly dwelled on an “apparent hydraulic conductivity” of rigid ice which was
considered by means of a regelation process.

Three methods were used in the application of a pressure gradient to an ice sample:

In method 1 only a hydraulic gradient was applied to the ice sample through supercooled
water, the sample having been given temperature. Cumulative outflow occurred from the
high to the low hydraulic pressure side through ice, as shown in Fig. 3. Namely, water-flux
occurred from the high to the low pressure side. An “apparent hydraulic conductivity” Kj
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of ice due to regelation was about 1.68 x 1078 and 1.47 x 107® cm/sec for —0.041 and —0.100°C,
respectively. In method 2 only a temperature gradient was applied to the ice sample, which
was kept under a given temperature for each experimental run. Cumulative outflow occurred
from the low to the high temperature side of the ice sample; namely, outflow was observed
in the direction opposite to the direction of an imposed temperature gradient, as shown in
Fig. 4. In this case, K; was about 7.79 X107 cm/sec for —0.040°C. In method 3 both tem-
perature and hydraulic gradients were applied to the ice sample in the same direction. One
of the experimental results is shown in Fig. 5, where the imposed temperature gradient and
temperature of ice were 0.070°C/cm and —0.041°C, respectively, and negative flux means
that cumulative outflow occurred from the low to the high temperature side of the ice sample.
The abscissa represents the hydraulic gradient which was applied to supercooled water within
a reservoir being separated from ice by a millipore filter. The value of K; was 5.70 x107*
and 5.00 X107 cm/sec for a negative and a positive region of flux, respectively.



