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SNOWPACK PROFILE ANALYSIS USING EXTRACTED THIN SECTIONS

William L. Harrison

TNTRODUCTION

A useful practice in studies related to snow mechanics involves the

observation and analysis of snowpack profiles. Several methods have been

employed to highlight areas of interest such as stratification or deforma-

tions caused by external forces. Ot these methods,' the most common are the

use of dyes sprayed on the profile (Kovacs.1976) and the "roaring bonfire"

technique (Nakaya et al. 1936). In a recent extensive study of snow

behavior under external loads (Harrison, in prep.), the bonfire technique
was used rather than dyes because it produces the high contrast desirable

for black and white photographs. Both methods require the removal of large

volumes of snow; the time and physical effort required is considerable.

Other complicating factors experienced when using the bonfire

technique are solar exposure, wind direction and curing time. If the

-4ection is cut so that the profile is exposed to the sun, the dark etchings

caused by the bonfire will rapidly decay through melting. The exposure

orientation is controlled by the wind direction. The bonfire technique

requires that the wind direction be perpendicular to the exposed profile,

with the profile located on the windward side of the excavation. Since

wind is the controlling factor, the solar effect can be a problem. If the

profile is to be cut through the snowpack where an external load has caused

compaction, it is best to cut the profile immediately after the compa,tion

has occurred. The compacted area tends to harden in a relatively short

time, and it will be difficult to make the cut smoothly. On the other

hand, if the profile is allowed to "cure" for 10-15 minutes after exposure,

it will "burn" better. The grain structure changes in the disturbed area,

and the compacted pattern becomes more discernible.

The daily experience with these factors over several months of winter

research gave birth to the development of the thin section technique

described in the following pages.
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Figure 1. Snow sample tube prepared Figure 2. Sample tube mainframe.

for cntlecting samples.

ri- SAAPLING DEVICE

The device descrthed here is in the second generation of development,

itil although it preoduces adequate results, the hardware could be improved.

The major components of the apparatus for viewing thin sections are a snow

sample tube, a sample tube guide, a light table and camera stand, and two

saws.

Snow sample tube

The dimensions of thR tube assembly (Fig. 1) are 1235 mm x 156 mm x

358 zi. The mainframe consists of the sample cutter and retaiier, trim

bars, and Lift rods (Fig. 2). The retainer plates are positioned in the

re .;essed part of the retainer during entry and are activated inward by the

lift rods prior to extracting the bulk sample (Fig. 3). There are three

removable channels that ran be attached to the frame (Fig. 4). The two

aluminum hannels retain the bulk sample during collecting, while the

plexiglass channel retaLis the sample after trimming. The trim bars govern

the sample thickness as well as the overall length of sample to he

2
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Figure 3. Sample retainer plates.

Firgure 4. Cbauaelm.



Figure 5. Sample tube guide and saw guides.

obtained; the bars used in this assembly provide a maximum sample length of

I m and a thickness of 38 mm.

Sample tube guide

The sample tube guide (Fig. 5) ierves two purposes: to serve as a

VgIide for assuring vertical insertion of the snow sampla tube and to

prepdre the bulk sample by serving as a template for sawing the perimeter

of the ia-situ bulk sample (Fig. 6). The trim bar3 fit into slots in the

edges of the sample tube guide to inalhitain vertical Alignment durIng

insertion. Figure 6 shows the guiie secured ii position with a C clamp in

the mobile field labjratory. The guide was deilgsed to fit between the

rails bordering the openi-ig in the lab floor, whiTh i- used for access to

the snowpack. When used In the open field, a lirge sheet of 3/4-inch

plywood provides a stable base. The guide i3 placed over a hole i, the

.enter of the plywood and is steadied by a placement frame.

Aght table and camera stand

The light table cons ists of a rectangular box with a 965- x 370-mm

diffused glass plate mounted in one face (Fig. 7). The camera stand is a

tubular frame that can be moved along the lieht table for selecive photo-

graphv. The light source is an AC-DC globe strobe light. which is olacefl

In the box below the glass plate.

i



Figure 6. Bulk sample preparation.
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Figure 7. Light table and camera stand.

(
Saws

Two saws are used in the sampLing process (Fig. 8). The first is a

one-man crosscut saw normally used for -:uttLng timber. The usable blade

length is 1 m. This saw is used in the tube guide to prepare the perimeter

of the sample before the tube is inserted. The second saw is a standard

lumber crosscut saw (650-nm blade length) with the tooth-set removed. It

is used tc trim excess snow from the bulk sample to form ,:he thin sample.

Bulk Sample Cultor

Trimmer

Figure 8. Saws.
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Figure 9. Trimming the sample.

SAMPLING PROCESS

When the site has been selected and the sample tube guide secured, the

bulk sample is cut by placing the saw gutdes alternately in the proper

slots and cutting along the sample perimeter (Fig. 6). After the saw

guides are removed and the sample tube is inserted to the desired depth,

the sample retainer plates are activated by twisting the lift rods inward,

closing off the bottom of the sample tube. The bulk sample that has been

captured in the sample tube is lifted from the sample tube guide, and with

7



Figure 10. Illumination of a thin sample.

the tube resting on a firm surface in a tilted position, one aluminum

channel is removed. The trimming saw is used along the trim bar to remove

excess snow from the bulk sample (Fig. 9). The plexiglass channel is

attached to the trim bar to replace the aluminum cha iel. The tube is then

tilted in the opposite direction, the remaining aluminum channel is

removed, and the other side Is trimmed. The mainframe is then placed on

the light table for photographing (Fig. 10). To take density or tempera-

ture profiles, only one channel need be removed, and measurements are taken

immediately from the bulk sample.

DISCUSSION

The following discussion and figures are presented to indicate the

quality of profile observations that can be made with the bonfire and thin

sample techniques. The photographs illustrate that nothing is lost with

the thin sample technique, and probably the results are finer in defini-

tion. In terms of time and manpower expended, the thin section sampler has

been a significant improvement over past methods.
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Figure 11. Profile observations and measurements.

Some examples oC the bonfire metliod dre shown in Figures 11-14.

Figure-1 shows the volime of snow removed to expose 12 profiles of

force-sinkage tests. The tests were performed in repetitions of two: one

profile for etchlig and one profile for temperature profiles, density

analyses, etc. (Fig. 12). Figuire 13 Is a close-up of the results from a

For.e-siikage test. Figure 14 shows te profile of a pressure bulb made by

the passing of a tracked vehizle.

Figures 15-22 are thti section profiles. Figures 15-17 are the

results of force-sinkage tests. The impressions in Figures 15 and 16 were

made with the force applied from the surface down, while Figure 17 is the

result of the force-sinkage impression made parallel to the snow layers.

Figure 15 shows the high degree of stratification in the profile sample,

while Figure 16 shows a profile representing a single layer from an

extended storm. The free-form pattern in Figure 17 shows that flow will

occur in areas of least resistance, in this case where the layers had weak

9



Figure 12. Prof Ile etching with the bonf Ire technique.

Figure 13. Force-sinkage test
profile mde with bonfire technIque.
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Figure 14. Snowpack profile made with the bonfire
technique showing tracked vehicle pressure-bulb.

Figure 15. Force-sinkage test re- Figure lb. Frce-sinkage testeresults
sults in a highly stratified snowpack, in a uniform snowpack.

Il
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Figure 17. Force-sinkcage test resultq3 Figure 18. Undisturbed snowpack pro-
conducted in direction of layers. file.

Figure 19. Observation of rupture patterns; IMP at low track slip.
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Figure 20. Observation of rupture patterns; IMP at moderate track slip.

sections. Figure 18 is a profile of an undisturbed section of the snowpack

after three closely spaced storms. The thin, light-shaded layer near the

bottom of the figure is soft ice, while the light bands at the center are

very wet snow. Above the bands of wet snow is a very dark band that was,

in fact, brown. This was the result of high winds lifting dust particles

from the desert nearby and depositing them with the snowfall.

Figures 19-22 are transverse profiles (thn sections in the direction

of vehicle motion) of ruts left by tracked vehicles having different cleat

arrangements. The track that caused the rupture patterns in Figures 19 and

20 had 2-inch cleats, 20 inches on center, with 4 one-inch-square tubes

spaced equally between the cleats (every 4 inches). The rupture pattern

shown in Figure 19 was produced by low slip, while the rupture pattern in

Figure 20 was caused by moderate track slip. The rupture patterns in

Figures 21 and 22 were made by a track having 2-inch cleats spaced at 4

inches on center. Figure 22 shows the results at low slip and Figure 22 at.

high slip.
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Figure 21. Observation of rupture patterns; super T fP 145t 3erie-

at '-ow trA k slip.

Figure 22. observation of rupture patterns; super IMP (1450 series)
at moderate track slip.
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CONCLUSIONS

The thin section technique is a suitable substitute for the bonfire

and dye techniques for analyzing snowpack profiles. The results are

obtained with less expenditure of time and physical effort, and the end

product is, in some cases, of higher quality.
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