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Summary

In the previous paper II, the vertical distribution of melt water within snow covers
and changes in the distribution with time were described. In this paper III the speed
at which the melt water permeates into the snow will be dealt with. There are two
modes of permeation of the melt water: (1) water channel flow, Fig. 1(a), in which the
melt water fills the voids between the ice grains of snow and flows down rapidly through
it as uninterrupted columns of water, and (2) water film flow, Fig, 1(b), in which the
melt water covers the ice grains of snow and flows down slowly in the form of thin

films which are from several microns to about 20 microns thick.

1. The speed of melt water in the case of water channel flow.

The speed v of melt water flowing down in water channels was directly measured
on various types of snow and the results are listed in the 8th column of Table 1. These
observed values should be compared with those calculated from the theoretical formula
v=0gB, where ¢, g and B are respectively the density of water, the acceleration of
gravity and the water permeability of snow. If the air voids or pores in the snow are
assumed to be represented by a large number of straight circular pipes of radius 7, the
water permeability B of the snow can be written as B=¢r}/87%, where 7 and ¢ are
respectively the viscosity of water at 0°C and the porosity of the snow.

If the surface tension of water is denoted by o, the radius 7, of the pipes is given
by 7y=20/Pgh, where h is the height to which point the water climbs a column of snow
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when it is immersed in 0°C water. By use of the above formulae for B and v together
with the relation e=1—(#:/¢;), the flowing down speed v can be written as

= _Ao_z 1___‘03_>L
T 2npg 0, ] h®>°
where 5 and ©; are respectively the densities of snow and ice. Values v* of the flowing
down speed calculated by this formula are listed in the 9th column of Table 1. The

v

observed values which are v=1.2~15 cm/sec agree with the calculated values v* rather
well in the case of fine grained snow but not so well in the case of coarse grained snow.

2. The speed of melt water in the case of water-film flow.

The mean speed # of melt water flowing down in the form of water films was
determined experimentally by the following two methods.

(a) A small amount of eosine dye was dusted on the surface of a melting snow
cover. The dye dissolved instantly into the melt water at the surface and the colored
melt water permeated into the snow cover. By tracing the paths of the permeating
colored water, the value of @ in fine grained snow was found to be 0.5 cm/min when it
contained 5% free water and to be 1.1 cm/min when it contained 10% free water.

(b) The mass flux Q of the melt water flowing down in the form of thin films

through a unit area of snow layer in a unit time can be expressed as
Fis — =
Q=" 0521,

where #, %, S and § are respectively the density of water, mean downward speed of the
flowing water films, the specific surface of the snow and the mean thickness of the water
films. The mean thickness & of the water films can be calculated by the formula
& =0, w/0S, if the wet density and free water content of the snow are denoted by #,
and w respectively., Substitution of this relation into the above formula for Q gives

Q="Tla-fuwl.

The mass flux Q was measured in situ by a simple device as shown in Fig. 2 for various
kinds of snow. By putting the values of Q, #,. and w into the above equation, the values
of mean speed @ were determined and listed in the 11th column of Table 1. The figures
in the last column of the same table give the values of @ calculated from the formula
#=0gé%37. The observed and calculated values are in good agreement in the case of
coarse grained granular snow while they disagree in the case of fine grained snow,

which is the opposite of the case of water channel flow.



