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First and Second Generation Numerical Models 
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Example: Simulation of Preonzo 2010
Å Used «Avalanche» model

Å One component

Å No entrainment

Å No water 

Å Calibrated parameters

Piz Cengalo/Piz Scerscen in 2024
Å Dedicated «Rock/Ice» model

Å Rock, ice, snow, water components

Å Entrainment 

Å Melting

Å Powder cloud

Climate change questions driving 

model development



From «Generic» to «Dedicated» Models
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Two-Layer Debris Flow Models

Powder Snow Avalanches

Rock/Ice Avalanche Models

Air intake

Air blow-out
Two-layer 

model

PAir blast

AvalancheF

Air
Rock
Water
Ice/snow
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Contents
Å Motivation for Two Phases:  Laboratory Experiments

Å Suspension, Mobility and Dewatering

Å Two Phase (Two Layer) Debris Flow Models

Å Application: Case Studies Alp Greva/Klosters 

Å Conclusions
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Chute Experiments
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Combined Kinematic and Force Measurements

Flow heights, shear and normal stresses 

Mixed particle sizes and varying water contents

N

S

Reactions



Measured Height, Shear and Normal Stress
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Shear Stress S vs Normal Sress N
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Flow Friction m vs Volumetric Water Content (%)
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Friction Slope vs Water Content
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Particle Suspension / Friction

Particle suspension driven by two processes:  Buoyancy and shearing leading 

to rapid, linear decrease in flow friction with increasing water content



Conclusions: Experiments 
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ÅLinear decrease in flow friction with increasing volumetric water content

ÅParticle suspension driven by two processes:  Buoyancy and Shearing

ÅVolumetric water content (saturation) depends on the packing of the 

particles

ÅContinual exchange of fluid mass trapped in the void space between the 

particles and unbonded fluid mass riding on the surface of the debris flow

ÅCan we model debris flows without knowledge of water amounts? 

Hydrological problem.
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Two-Layer Model: Debris Layer and Free Fluid 
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Debris Layer

«Bonded» Fluid

«Free» Fluid Layer

E = Entrainment

Q = Fluid Mass Exchange
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Two-Layer Model:  Suspension Dynamics
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Buoyant Potential Energy

Suspension by Shearing
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Two-Layer Model: Debris Layer and Free Fluid 

Debris Layer

«Free» Fluid Layer
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Momentum Exchange 
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Kinetic Suspension and Dewatering Flow Cycle
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Kinetic Suspension and Dewatering Flow Cycle



Flow Separation and Dewatering
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Release area (1000 m3)

Deposit area

ü Alp Greva

Two 1000m3 Case Studies
ü Klosters (Fraschmardin)

Release area (1000 m3)

Deposit area

Entrainment (7000 m3) Entrainment (10000 m3)

2m Resolution



Phase Separation / Deposition Alp Greva
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Results Alp Greva

Solid height Fluid height Free fluid fraction Debris Flow Structure

Head to Tail

üms=0.15; xs = 200 m/s2

ümf =0.01;  xf = 200 m/s2

ms

mf



Phase Separation / Deposition Klosters
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Results Klosters
üms=0.15; xs = 200 m/s2

ümf=0.01;  xf = 200 m/s2

Solid height Fluid height Free fluid fraction Debris Flow Structure

Head to Tail

ms

mf


