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Studies on the thawing of Frozén Soil by CaCl, Brine
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Summary

The erosion that frozen soil thaws CaCl, solution (brine) as a refrigerant in the freezing method is
examined theoretically and experimentally, If solute transportation is owing to the diffusion of CaCl,
brine, the erosion length is obtained as follows by solving the diffusion equation as the uni-directional
unsteady boundary problem,

X=ay
Where X is the erosion length, ¢ is the elapsed time and « is the eroding front penetration coefficient
determined from frozen soil temperature, the diffusion coefficient and the concentration of the brine,
When frozen soil temperature is lower than —10°C, this exact solution agrees well with the uni-directional
approximate solution assuming that the concentration distribution of brine is steady in the eroded region,
and then the approximate solution extended to the two~dimensional (cylinder) and the three-dimensional
(sphere) erosion of frozen soil are convenient practically,

Experiments were performed upon ice, frozen sand and frozen clay, Because of the natural convection
caused by the-instability of solute concentration, the downward erosion advanced faster than the upward
one. As for frozen clay, there were no difference between upward and downward eroding rate. The ero-
ding rate of three samples are nearly equal to each other in the upward erosion and in good agréement
with the exact solution, The weaker CaCl, brine concentration, the smaller the eroding rate is, Water
content of clay gave little influence to the eroding rate, ,

CMC (Na-Carboxy Methyl Cellulose) increases viscosity of pore water and decreases permeability of
brine, Therefore as for frozen sand, it was found that adding CMC to the pore water before freezing

restrains the erosion caused by the convection,
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