Proceedings, International Snow Science Workshop, Innsbruck, Austria, 2018

A MECHANICAL DEVICE DETERMINING THE VOLUMETRIC LIQUID WATER
CONTENT OF SNOW - SNOWPRESS
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ABSTRACT: The measurement of the liquid water content of snow is not an easy task. Existing methods
are based on different physical processes. The proposed method uses the mass difference which is caused
by a mechanical press on a snow probe.

The construction of the equipment is demonstrated and first measurements are compared with data gained
from Denoth’s capacity snow moisture device. At this stage of development, the quality of the data is insuffi-
cient for further application. However, advantages and disadvantages are discussed and possible improve-
ments suggested.
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2. METHODS

The basic idea is to reconstruct the hand test with a
mechanical equipment. The human grip force is esti-
mated from the study of Massy-Westropp et al.
(2011).

1. INTRODUCTION

A melting snowpack consists of ice, air and liquid wa-
ter. The liquid water content is defined by the Inter-
national Classification of Seasonal Snow on the
Ground (Fierz et al., 2009). It is relevant for investi-

gations concerning the mechanical stability of wet The construction is a mechanical press of a cylindri-
snow (Mitterer et al., 2011) or for hydrological issues cal snow probe. Hence, it is called SNOWPRESS.
(Hardy et al., 1998). Figure 1 shows the primary elements of the device.
A comprehensive description concerning the devel-
opment of the SNOWPRESS is given by Penz and
Riml (2018).

The amount of liquid water can directly be deter-
mined with centrifugal equipments which are hand
operated (LaChapelle, 1955) or electrically powered
(Yosida, 1967). Indirect methods can be classified
into 3 groups: calorimetric methods (Boyne and Fisk,
1990), capacitively methods (Ambach and Denoth,
1974; Denoth, 1994; Tiuri and Sihvoly, 1986; Stahli
et al., 2004; Mittal et al., 2009) and radar measure-
ments (Gubler and Hiller, 1984; Boyne and George,
1987; Okorn et al., 2014).

A simple method for estimating the liquid water con-
tent in the field is the hand test (Fierz et al., 2009).
However, it depends on human factors which makes
it prone to errors.

The objective of this study is to develop a new device
which operates purely mechanical. Field data are
compared with acquisitions from Denoth’s device
(Denoth, 1994). The pros and cons are discussed.

* Corresponding author address:
Reinhard Fromm, Institute of Natural Hazards,

Austrian Research Centre for Forests, Austria, Figure 1: Conceptual design of the SNOWPRESS:
Rennweg 1, 6020 Innsbruck, Austria; 1 = crank lever, 2 = spindle, 3 = spindle drive with
tel: +43 512 573933-5104; fax: +43 512 573933 shaft joint, 4 = (inside) ram cylinder, 5 = perforated
'525_0 . cylinder which contains the snow probe, 6 = slider,
email: reinhard.fromm@bfw.gv.at 7 = spring, 8 = bolt, 9 = slide.
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The workflow for a measurement is simple and can
be divided into 4 steps:

1. Extract a snow probe with the perforated cylinder
(diameter: 6 cm; length: 12 cm; holes: 3 mm) from
the snowpack and weigh it.

2. Immediately insert the cylinder filled with snow into
the mechanism. Turn the crank and observe the ris-
ing force of the spring tension. Markers on the bolt (8,
Fig. 1) indicate the force acting on the probe. Water
may be extruded from the snow probe. Stop when
the threshold force (500 N) is reached and wait. Turn
the crank to ensure a constant force during the meas-
urement.

3. After 10 minutes remove the cylinder and weigh
the probe again.

4. Calculate the volumetric liquid water content of the
snow probe with the mass difference before and after
the procedure. One gram (= 0.001 kg) mass differ-
ence corresponds to 0.29 vol% liquid water content.

3. RESULTS

In order to gain experience with the SNOWPRESS
field measurements were carried out. Figure 2 shows
the device on a blanket . The cylinder is filled with
snow. A force is applied by the spindle. The spring is
compressed and the bolt (8, Fig. 1) overhang from
the device which makes the markers visible. Snow is
extruded through the perforation.

The comparison with acquisitions from the Denoth
meter requires additional equipments (Fig. 3).

Figure 4 shows the comparison of data sets which
were collected during 5 field campagnes. The acqui-
sitions 2018-03-27 and 2018-05-11 indicate that the
SNOWPRESS starts at certain thresholds of liquid
water content (determined by Denoth meter). How-
ever, the other data sets have large variations with-
out any trend.
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Figure 2: SNOWPRESS in the field (photo by R.
Fromm, 18 April 2018).

Figure 3: Foto of equipment in the field: electronic
scale, aluminium quader for measuring snow density,
Denoth meter, brush, SNOWPRESS (photo by R.
Fromm, 18 April 2018).

e 2018-03-27
1754 ® 2018-04-09
® 2018-04-18

2018-04-30
| e 20180511

= =
) n
n =)

liquid water content (SNOWPRESS), vol%
=
=
°

. * .
sel ® .
L ] - L ] L ]
50 .
L ]
L]
25 . . 2
[ ] L]
L]
L ] L ]
.. *
0.0 °s a o

0 2 a 6 8 10 12 14 16 18
liquid water content (Denoth device), vol%

Figure 4: Scatter plot of liquid water content acquired
by different methods.

4. DISCUSSION AND CONCLUSIONS

The SNOWPRESS is a preliminary mechanical de-
vice for quantifying the liquid water content of snow.
At this stage of development it is not an adequate al-
ternative to Denoth’s capacity snow moisture device.

Pros:

e |tis a direct measurement of the liquid water
content of snow.

e The device is mobile, it can be used in the
field and it does not need any power which
makes field work easier (in contrary to elec-
tric centrifuges).

Cons:

e The data quality is insufficient.

e Depending on the snow conditions snow can
be squeezed through the holes in the cylin-
der.
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Future & Improvements:

e The size of the cylinder could be reduced.
The diameter of the holes of the perforated
cylinder should be larger which would stimu-
late the run-off. However, more snow would
be extruded. Maybe, it could help to modify
the shape of the ram cylinder (4, Fig. 1; e.g.
cone-shaped).

The spring could be changed to apply a
higher force on the snow probe. However,
this requires smaller holes in the cylinder.
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