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Overview

• tsunami modeling
• landslide modeling (terrestrial)
• approaches to landslide-tsunami modeling
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Shallow free-surface geophysical flows

A class of related shallow free-surface flows characterized by a fluid
or variable granular-fluid mixture flowing over variable topography.

• tsunami propagation and inundation;
• storm surges;
• overland/fluvial flooding, dam and levee breaches etc.;
• sediment erosion, deposition and transport;
• landslides, mudslides, lahars and debris flows;
• dry granular (or snow) avalanches;
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GeoClaw

open-source subset of Clawpack
www.clawpack.org

www.github.com/clawpack

• framework to accommodate commonalities of inundating
free-surface flows;

• block-structured AMR for multiscale nature of geophysical
flows;

• algorithms to capture moving inundation fronts over
topography (wet/dry);

• well-balanced algorithms for prevalent steady-states;
• dynamic processing of topography data sets facilitates use of

increasingly available high-resolution DEMs;
• user tools for creation of initialization models.
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Tohoku Tsunami: Inundation modeling for Hilo
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Overland flooding: Malpasset dam, France 1959
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Overland flooding: Malpasset dam, France 1959
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Landslides and Debris Flows

Debris flows, landslides etc.: granular-fluid mixtures.

Indonesian Lahar Movie Ritigraben Switzerland Debris Flow Movie
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Debris flow model summary

Iverson & George and George & Iverson. A depth-averaged
debris-flow model that includes the effects of evolving dilatancy.
I & II. Proc R Soc A 2014 (470)

Properties:
• Depth-averaged shallow-flow model (similar to St. Venant)
• Two-phase model with pore-pressure evolution
• Strictly hyperbolic system of five PDEs

• h: depth
• u, v: depth-averaged mixture velocities
• m: solid-volume fraction
• pb: basal pore-fluid pressure
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Debris flow model summary

Motivation:

• simulation from initiation to deposition
• capture the transition from stability to mobility
• slope stability ! flow fate

Basis:

• coevolution of pore-fluid pressure and solid-volume fraction
• pore-fluid pressure/effective stress ! mobility/shear resistance
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Mobility and dilatancy

Coupling m and pb

• dilation/contraction of solid phase affects pore-pressure
• pore-pressure mediates Coulomb stress
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Dilatancy angle

tan = m�meq

1 tan = m�meq < 0 ! contractive
2 tan = m�meq > 0 ! dilative

meq is initially the quasi-static critical state volume fraction mcrit

tan 0 = m0 �mcrit
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Investigating mobility and porosity

Play Movie
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Model validation: investigating mobility and porosity

“loose soil:” m0 �mcrit = �0.08
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Model validation: investigating mobility and porosity

“dense soil:” m0 �mcrit = +0.03
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Model validation: investigating mobility and porosity
“loose soil:” m0 �mcrit = �0.08

“dense soil:” m0 �mcrit = +0.03
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USGS experimental debris-flow flume

Play Movie
David L. George landslide-tsunamis

This information is preliminary, is subject to revision, and it is not for citation or further distribution. 
This material solely provides a record of the slides shown during the USGS-NTHMP Workshop held on February 1-2, 2016 
and is not a final scientific record complete with references to prior work. 
The information is provided on the condition that neither the U.S. Geological Survey nor the U.S. Government 
shall be held liable for any damages resulting from the authorized or unauthorized use of the information.



USGS experimental debris-flow flume

Simulating gate release dynamics
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Oso, Washington, (DAF) 2014
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Oso, Washington, (DAF) 2014
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Simulating the Oso DAF with D-Claw

Estimated failure volume: 8.3⇥ 106 m3
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Simulating the Oso DAF with D-Claw
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Simulating Oso DAF 2014: inundation comparison
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Simulating the Oso DAF 2014: alternative scenarios

Model material parameters Oso DAF
simulation:
loose
sediment

Alternative
simulation
denser
sediment:

initial porosity, 1�m0 0.38 0.36

critical-state porosity, 1�mcrit 0.36 0.36

initial hydraulic permeability, k0 (m2) 10�8 10�8

friction angle, � 36� 36�

pore-fluid viscosity, µ (Pa-s) 0.005 0.005

pore-fluid density, ⇢f (kg/m3) 1100 1100

solid-grain density, ⇢s (kg/m3) 2700 2700

bulk compressibility coefficient, a 0.03 0.03
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Simulating Oso DAF 2014: alternative scenarios

Non-contractive “slumping”: m0 � mcrit

Contraction and liquefaction: m0 < mcrit
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Mobility bifurcation with differing initial porosities:

(contractive) �0.04  m0 �mcrit  0.01 (dilative)
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Mobility bifurcation with differing initial porosities:

response with varying initial hydraulic permeabilities, k0
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Modeling tsunamigenic landslides

Subaerial landslide is modeled with depth-averaged, two-phase,
granular-fluid mixture.
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Modeling tsunamigenic landslides

Interaction with water can be modeled with various approximations:

• Depth-averaged multilayer model (granular-fluid below fluid)
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Modeling tsunamigenic landslides

Interaction with water can be modeled with various approximations:

• Single-layer, two-phase model
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Modeling tsunamigenic landslides

Interaction with water can be modeled with various approximations:

• Multi-layer, two-phase model
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Hypothetical subaerial landslide-tsunami
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Hypothetical subaerial landslide-tsunami
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Future Directions

• Further integration of slope-stability models and failure
surfaces

• Single-layer two-phase mixture models:
• debris-entraining tsunami inundation
• subaerial tsunamigenic landslides
• debris-entraining floods

• Multi-layer two-phase models
• submarine tsunamigenic landslides
• sediment transport
• turbidity currents?

• Uncertainty quantification, probabilistic approaches.
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