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Abstract Reynolds numbers for powder avalanches are clearly in the turbulent range, Re >
106. Nonetheless, the effects of the turbulent fluctuations are seldom considered
in powder snow avalanche modelling and engineering. Accelerometer
measurements on the mast at the Vallée de la Sionne test site indicate transverse
and longitudinal pressure fluctuations in the range of the natural vibration
frequencies of tall cantilever-type structures. Impulsive turbulent fluctuations can
therefore excite the inertial forces within a structure, producing a dynamic load
that leads to collapse and failure. Dynamic magnification of pressure loads
contributes to tree-blow down by powder avalanches. Since forest destruction is
often used to calibrate the spatial extent of the avalanche air-blast, an
understanding of turbulence is an important part of avalanche hazard mitigation.

In this paper we present a RANS type turbulence model in the framework of
long-wave approximation. The model splits the kinetic energy k associated with
the turbulent fluctuations into two parts. The first part kF describes the mean
initial turbulent energy in the air-ice-dust mixture that is transported from the
core to the cloud during the formation phase. This initial energy is concentrated
at the avalanche front and is calculated directly from the random kinetic energy
produced in the avalanche core. The second part kP describes the turbulent
energy in the cloud as it dissipates to the viscous subrange. A single equation
tracks the total energy of the cloud, accounting for the additional production by
shearing and air-entrainment, and likewise the dissipation of turbulent energy.
The model therefore contains only one parameter describing the turbulent energy
dissipation. We demonstrate the applicability of the long-wave approximation by
calculating several powder avalanches that occurred near the SLF Davos between
2017-2021. These events have been documented with high-precision aerial drone
scans and field surveys of forest damage. We find that turbulent fluctuations are
created during the interaction with the core, but are rapidly transported outwards
to the lateral edges of the cloud as they dissipate. We show how cloud velocity,
height and impact pressures change with different decay assumptions and the
practical significance for hazard engineering.
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