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Abstract

One of the major hazards associated with volcanic eruptions are pyroclastic density currents (PDCs),
which are fast-moving volcanic avalanches consisting of ash, boulders, and gas. Because of their
unpredictability, studying PDCs in real time is dangerous and difficult. Therefore, we investigate the
deposits produced by PDCs and use granular flow experiments to simulate PDCs in the laboratory. The
experimental results allow us to understand sediment transport and erosional processes at small scales,
and then we can extrapolate those results to natural PDCs. By better understanding what controls PDC
behavior, we hope to ultimately improve risk assessment for these dangerous flows.
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Field observations — Wave-like features

Wave-like features 1n the deposits of pyroclastic density currents result TR A TR TR We observe wave-like mixing

.| from granular shear instabilities formed at the flow-bed interface. The e iy T e ¥ (e 9N features throughout the PDC
dimensions of wave-like features allow us to constrain important flow e 2 A A o ¢ deposits at Mount St Helens. . Higher slope (light to dark)
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What causes flow to travel further?

* Fluidization (blue vs orange)

Constraints on flow velocity and thickness are necessary to test the a1 T o PR e L The wave-like features are:
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(bottom) wave-like features.

How does the diameter of particles in the bed
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Self-similar in form

Pyroclastic density currents (PDCs) are: Wave-like features L. )
y ty ( ) ® within individual units

* Ground-hugging mixtures of volcanic gases @ Dune-ike features
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micCrons to meters Fig 8. Pumice plain at Mount St Helens extent of PDC deposits (left). Inset (right)
shows locations of outcrops containing wave-like features.

Highly unpredictable and capable of traveling -
10s of kilometers at 100s of degrees C, Examples of wave-like featlleS

Fig 2. PDC ét Sinabung Volcano, Indonesia, 2015. maklng direct observation difficult - } NE

(Image from Volcano Discovery, Ingrid Smet)

Flow slides over bed Higher friction, Highest friction, but flow particles fall into
with low friction decreased runout interstices and ejected air that fluidizes flow

The most deadly phenomenon associated with
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dilute region

PDCs consist of two main regions: Estimating flow thickness using experimental results:

1. A dilute upper ash cloud that obscures the f | |
view of the interior o _aFlow directit _ setmatedflowheight forount st Helens Using relationships derived from experiments,

PDCs
9 we can constrain the PDC thickness based on
the height of wave-like features observed in
the field.

Estimates for flow thickness:

Deposit

High concentration, . 26 ' . A dense basal portion that transports >95%
boulder-rich, basal region of the flow mass and controls overall flow

Fig 3. Sketch of general PDC structure. behavior
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Following months of precursory activity, the eruption of Measuring wave-like features Wave-like features form due to granular shear instabilities:
Mount St Helens began with the largest landslide 1in

recorded history at 8:32 a.m. on May 18, 1980.

Previous numerical and experimental studies attribute the formation

Length | ° T Length vs Height
’ of similar wave-like features to granular shear instabilities.
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Soon after the landslide, the eruption transitioned to a
typical eruption with large, sustained ash plume (at right). : 55
Later in the afternoon, the ash column began to collapse, _ - M il Fig 10. General structure of wave-like feature
producing at least three periods of PDC activity:. Fig 4. May 18 1980 eruption of Mount St Helens.

(Image from Universal History Archive/UIG via Getty Images) # Dune-like feature

Length of the billow scales closely with height. |

The three periods of PDC - - - o 40 Fig 16. Wave-like features produced numerically (left, Ciamarra et al. 2005) and experimentally (center, Rowley et al. 2011; right, Farin et al. 2014).
production deposited five PDC Self-similarity suggests that a similar mechanism - - - - - — —
units throughout the pumice plain of formation acts across scales. Fig 11. Plot of height vs length of wave-like features. EStlmatlng flow VCIOClty using lnStablllty grOWth criteria:

(Figure §; Brand et al., 2014).
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b The PDC wave-like features record granular shear instabilities at
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Scaled, analogue granular flow experiments

Through a series of over 120 scaled, granular flow experiments we 1nvestigate:
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 How does fluidization (1.e. internal gas) affect the flow?
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 What controls the initiation of erosion and by what processes does the flow erode?
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 How does the nature of the bed (angle, size of particles) affect flow behavior?
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® Non-Fluidized

Use experimental results to decrease error on velocity
estimates
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ChannelSlope 0-20 degrees
Flow particles 80 microns

Substrate particles 40-700 microns ~ Fig 17. Complex experimental flows on 20° slopes. Explore what affects extreme behavior at high slopes
Particle density 2500 kg/m?3 '
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Fig 12. Evolution of experimental wave-like features th rough time. = Kundu, PK., and Cohen, I.M., 2004, Fluid Mechanics: Elsevier Academic Press, California.
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