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Summary

In Hokkaido, the winter climate is so cold that ice columns do not grow on the
surface of the ground, whereas they are easily formed within the frozen ground. If we
can keep the ground surface at 0°C by supplying heat to the ground, the ice columns
will come to grow on the surface. At the beginning of winter, before the ground
became frozen, a net of electric heating wires stretched on a wooden frame of 1 mX2m
in dimensions was burried in the ground at the depth of 20 cm as shown in Fig. 2. By
supplying an electric power of around 500 watts per 1 m? of the surface, the ground
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could be kept unfrozen, and ice columns were successfully formed on the surface by
careful regulation of the power. The soil was composed of very fine clay (53%), silt
(31%) and sand (16%), and the free water content was 40%.

One quarter of the ground surface was divided into several small areas of 10cmXx
20 cm, and each area was covered with a thin layer of various powders. The powders
were : activated carbon (of the mean diameter longer than 10 ), ferric oxide (40 u),
alumina (10-50 ), carborundum (several ten microns), activated clay (several ten microns),
glass powder (50 u), charcoal (several microns) and graphite (longer than several microns).
When ice columns did not grow on the uncovered part of the surface, no columns were
formed on any of the covered areas. When ice columns grew on the uncovered part,
ice columns were formed on the three areas covered with powders of activated carbon,
ferric oxide and alumina. In photograph a of Fig. 3 are shown, from left to right, the
ice columns formed on the areas covered with alumina, activated carbon, the uncovered
part of the surface and the area covered with ferric oxide. The areas covered with
powders other than the above three showed no or little sign of producing ice columns.
Microphotographs ¢ and d of the same figure illustrate respectively the vertical sections
of the ice columns grown on the uncovered part of the surface and on the area covered
with ferric oxide. To make the sections, the ice columns were cut after they had been
frozen in solidified aniline.

With the expectation that something peculiar might be found at the foot of an ice
column, the authors examined the bottom of ice columns under a microscope. They
found that some of the ice columns had a small projection protruding downwards from
the center of the bottom as shown in photo. b of Fig. 3. It is probable that such a
projection plays a role in the formation or growth of ice columns.

Ground temperature was measured by thermocouples at the ground surface and at
the points 1, 2, 3, 5 and 8 cm deep. When ice columns were growing, the ground
temperature increased with the depth as shown by the thick curve in Fig. 4. The curve
is not straight but is slightly curved downwards, which the authors think is caused by
the upward motion of water within the ground. As growing ice columns pull up water
from the ground, the water contained in it must be moving upward. If the upward flux
of water is denoted by v and vertical coordinate x is taken in the upward direction, the
ground temperature u should satisfy the differential equation

co —%’;— = %Z—xuz——-c’()’v %Lx— (1)
Here ¢, 0, ¢/, ¢ are respectively specific heat and density of the soil, specific heat and
density of water, while #, is the heat conductivity which the soil has when the water in
it stands still. As the ground temperature changed with time very slowly, the left side
of the abave equation can be put equal to zero. Then, by integration, we get the fol-
lowing solution of eq. (1):

for the boundary conditions that =0, |du/dx|=|du/dz], at £=0 (the ground surface).
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As the origin of coordinate x is taken at the ground surface, x is negative in the ground.
So, to be easy in understanding, eq. (2) is expressed in terms of the absolute value of x
instead of in terms of x itself. If x| is so small as to satisfy the inequality |z|&z/c’0'v,
eq. (2) can be reduced to the simple form

| du o'
o | (- ) )

In Fig. 4 the solid circles give the values of ground temperature measured by copper-
constantan thermojunctions and the thick curve as drawn from eq. (3) by putting

|[du/dx|, = 3.2°C/em, Ov/2py = 0.017/cm. (4)
The solid circles are exactly located on the curve.

The upward flux v of water can be evaluated from the second formula of (4) if the
value of 4 is known. The authors took the following two values for g

Mo =15%10"3, 24%x10 3*cal/cm-sec-°C,
and got
v =051%x10"%  0.81x10 *cm/sec.

Ice columns do not wholly cover the ground surface. Let the fraction of the ground
surface covered by ice columns be denoted by @, and let the growing speed of ice
columns be denoted by V. Then the equation

at’V =pv (5)

holds, where #” is the density of ice. The measured value of V was 1.3%x10 ‘cm/sec.
So « is found to be 40% and 60%.
The ground surface is supplied with the heat quantity

H = py|du/dx| 4+ 0'vL (6)

which must be transferred to the atmosphere by convection and in the form of radiation.
On the right side of eq. (6), the first term is the heat coming up from under the ground
while the second term represents heat quantity which the water pulled up yields by

freezing (L : latent heat of solidification of water). Numerical calculation gives
H=69%10"3  11.0x103?cal/cm?-sec

for the two values taken for sy above. The radiation radiated from the ground to the
atmosphere was found to be 3x10-3cal/cm?-sec by the use of a net radiometer of
thermopile type.

The electric power of 500 watts/m? supplied to the buried wires is equivalent to 12X
1073 cal/cm?®-sec. About one half of this heat quantity flowed upwards to reach the

ground surface, because
Moldufdx|y = 48x 1073,  7.7x 1073 cal/cm?- sec.

The heating wires were buried 20 cm deep. The ground temperature at that level
is obtained as 55°C by putting |x|=20cm in eq. (2).
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