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ticle density of about 300-500 kg m™ for typical snow
clods (McClung and Schaerer, 1985), the bulk den-
sity of a dense flow is at least 150—-250 kg m™3. Taking
into account that the particle density of the significantly
smaller particles in the suspension layer is almost that
of ice, and the concentration is probably below 0.01
(or L/D > 3.7) (Mellor, 1978; Nishimura et al., 1989;
Issler, 2003), the bulk density of the powder part is ex-
pected to be 10kgm™ or less.

4 CONCLUSIONS

In the preceding section, we presented avalanche ob-
servations and measurements with respect to flow
regimes. We find firm evidence for an intermediate
flow regime between dense and suspension flow in
many dry-snow avalanches, which confirms the ob-
servations of Schaerer and Salway (1980). Based on
several rough, but independent estimates, the most
likely density range of this fluidized regime is 30—100
kgm=3. Direct density measurements would be ex-
tremely valuable for removing the remaining uncer-
tainty. We believe that extended parts of fast moving
dry-snow avalanche can be fluidized and that the flu-
idized part in most cases moves ahead of, and far-
ther than, the dense flow. This is in contrast to some
of the more traditional model concepts, in which the
fluidized or saltation layer rides on top of the dense
flow (e.g. Zwinger et al., 2003; Norem, 1991). On
the theoretical side there are many unresolved ques-
tions, e.g., To which extent can collisions of highly in-
elastic snow clods sustain fluidization, and which role
does the interstitial air play? The internal dynamics
of the fluidized layer and its rheology are largely un-
known. To sustain fluidization, shear is certainly re-
quired. Thus, we expect a non-uniform velocity profile;
preliminary measurements (M. Kern, private commu-
nication, 2008) seem to confirm this.

Distinguishing between avalanche flow regimes
may have important consequences in hazard mapping
and the design of countermeasures because the high
mobility of the fluidized flow regime allows it to reach
areas that cannot be reached by the dense flow (see
Fig. 10). However, because the density is two to ten
times lower than that of a dense flow, the impact pres-
sure are expected to be considerably less than es-
timates based on dense-flow models would suggest,
yet significantly higher than predicted by pure powder-
snow avalanche models.

In addition, pressure measurements imply that the
drag factors for avalanches are velocity dependent
(Sovilla et al., 2008; Gauer et al., 2008), likely depend-
ing on the flow regime; the drag coefficient increases
with decreasing velocity, probably due to reduced par-
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Figure 10: Deposition of the wet-snow part of the
2005-04-16 avalanche (top; snapshot from video by
K. Kristensen) and of the dry-snow avalanche 1997-
02-08 (bottom; photo NGi).

ticle mobility in a dense flow. This is of importance
in the planning and construction of mast-like struc-
tures in avalanche prone areas. In order to account for
flow regime transitions in avalanche models for haz-
ard mapping, a density-dependent rheological model
is required. A first step in this direction was presented
in an exploratory study by Issler and Gauer (2008).
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