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Outline:

e Thoughts and concerns about hazard
modeling
e Tsunami hazard from deposits
e Tsunami and Storm Boulders
» Three-Dimensional Modeling
» Simplified modeling

e Sand



Thoughts and concerns about hazard
modeling

George E. P. Box

All models are wrong; some models are useful.
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Model Couplmg

b Parallel Plas




Model-Data Integration




Model-Data Integration
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Model-Data Integration

Rubbish in = Rubbish out



Tsunami Hazard from
Deposits
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Which one is the tsum;m_I deposit?
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The 2004 Boxing Day/Sumatra tsunami in India ~ The 2004 Boxmg Day/Sumatra tsunami in Kenya .




The 2004 Baning Day/Sumatra tsunam in ndia







Tsunami and Storm Boulders



¢-Scale

Size range [mm]|

Aggregate name

—8 < > 256 Boulder
-6 to -8 64 - 256 Cobble
-5 to -6 32 - 64 Very coarse gravel
-4 to -5 16 - 32 Course gravel
-3to-4 8-16 Medium gravel
-2 to -3 4-8 Fine gravel
-1 to -2 2-4 Very fine gravel
0 to -1 1-2 Very coarse sand
1to0 0.5000 - 1 Coarse sand
2to1 0.2500 - 0.5000 Medium sand
3to2 0.0125-0.2500 Fine dand
4to3 0.0062 - 0.0125 Very fine sand
>4 < 0.0062 Silt, Mud
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Key Points:

- Better approach is needed to
distinguish boulders moved by storms
from tsunamis

+ Three-dimensional simulations
are more accurate than
simplified approaches

- Boulder dislodgement is complex and
nonlinear. More work is needed
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Boulder dislodgement and transport by solitary waves:
Insights from three-dimensional

numerical simulations

Amir Zainali' and Robert Weiss'

"Department of Geosciences, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, USA

Abstract The analysis of boulder motion and dislodgement provides important insights into the physics
of the causative processes, i.e., whether or not a boulder was moved during a storm or tsunami and the
magnitude of the respective event. Previous studies were mainly based on simplified models and threshold
considerations. We employ three-dimensional numerical simulation of the hydrodynamics coupled with
rigid body dynamics to study boulder dislodgement and transport by solitary waves. We explore the effects
of three important nondimensional parameters on the boulder transport problem, the Froude number Fr,
the aspect ratio in logarithmic scale a, and the submergence factor, £. Our results indicate that boulder
motion is complex, and small changes in one of the nondimensional parameters result in significantly
different behavior during the transport process and the final resting place of boulders. More studies are
needed to determine the role of boulders in tsunami and storm hazard assessments.

1. Introduction



Scaling Analysis

(h)t + (uh)y, = 0

1
(hu); + (hu2)z + §(gh2)w = —ghb,
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St(A*)e + (Wh)ge = O

Sth*** h *23:* h*Qz* —_ _ih**
(h*u™)e + (h* u™) +2Fr2( ) 2 b

Strouhal number: St = %=t Froude number: Fr = — Yt .
b ef Ur f’ V ghref,

Submergence: 3 = reff With Zper = K71, trer = (cr) 7L,
hret = P, Uret = ¢, and brer = lby, where [b, is boulder height, ¢
denotes wave speed, and k represents the wave number.






Table 2.1: Physical and numerical simulation parameters (h,, = 0.3 m. h; represents the
depth of the water at the location of boulder. c¢ is the solitary wave celerity). Submergence
factor: 8 = (y axis); Froude number: Fr = ¢(y/gh,)!; boulder aspect ratio in logarith-
mic scale: o = log, (1bylb;!) [z -y plane boulder norma.hzed width: W4 = lbyhy!; boulder
normalized volume: V, = 1b,lb,lb,h;3; density ratio: pypg!; friction coefficient: f;

Scenario: CA CB CC CD
Submergence factor: -8/30 -4/30 0 4/30
Froude number: 1.08,1.15,1.22 1.08,1.15,1.22 1.08, 1.15,1.22 1.08, 1.15, 1.22
boulder aspect ratio: -1,0,1 -1,0,1 -1,0,1 -1,0,1
boulder normalized width: 4/30 4/30 4/30 4/30
boulder normalized volume: 43/303 43/303 43/303 43/303
density ratio: 2 2 2 2

friction coefficient: 0.6 0.6 0.6 0.6
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Initial position

)
a — Slope, 6 — Roughness



Initial position Dislodgement position

)
a — Slope, 6 — Roughness

0.0, ) =[50 —a] >0



>F =ma
$

(z,y) = (6,7)
$

d6?
ZF = Indt2 = m(gtt

with the assumption that » = const.



This Equation of Motion can be rewritten [Schmeeckle and
Nelson, 2003]:

7
VL (5ps + pfcm) Oy = XF

YF =Dsin (0 — a) + (L + B)cos (6 —a) — W cos (6)
With

V' — particle volume, p, — particle density, py — fluid density,

L — distance between the center of gravity and point of
rotation (r),

Cyn, — added mass coefficient (0.5 for spheres in water),
D — drag, L — lift, B — buoyancy, W — weight



Example: a =0and § =1~ 6.=0.57
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Example: a =0and § =1~ 6.=0.57

Rotating ,/' .




Example: a =0and § =1~ 6.=0.57

Rotating / .




Example: a =0and § =1~ 6.=0.57

Rotating




Example: a =0and § =1~ 6.=0.57




Example: a =0and § =1~ 6.=0.57

Dislodgement

Duration of rotation: T, = t(forf = 6.) — t(for ¥F = 0)



Example: a =0and § =1~ 6.=0.57

Dislodgement

Duration of rotation: T, = t(forf = 6.) — t(for ¥F = 0)
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Spectral Density [m” s]
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Horizontal velocity [m/s]
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100 . .
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N is the total number of realizations (N = 100), and Np is the
number of realizations for which boulder dislodgement occurred.
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Tsunami vs Storm
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Sand



Suspend-load domain: The sediment in this domain is thought to be much smaller than the ex-
pected fluid structures, which results in a continuum model for particles in suspension and for
the fluid. Theoretically there are N different grain-size classes in the domain. The different classes
have a volume fraction of x;(t,x) with s = 1,...,N. Hence, the volume fraction for the fluid is
xo = 1 =Y xx. Furthermore, parameters with over-lines, such as X, are averaged by the Favre
method (x' = x — X). The velocity of each grain-size class is denoted by u$(t, x); where a constant
grain density is assumed for simplicity. The velocity of the fluid is denoted with uf (t,x). The ve-

locity of the solid phase is # = (xuj) /(Xs) and of the fluid phase, ﬁ“{ = (xDu{) /(x0). The velocity
fluctuations then become Au/ = wf i{"{ and Au§ = uj — iff. Using these definitions, the continuity
and momentum equations for the fluid and solid phase can be derived. The continuity equation

for the fluid phase is: dorxo ol
P PrXo PrXou; -0 )
ot ox;
The momentum equation for the fluid phase is:
o il oF fT
Bpsxo  PsXoH, opf 9T, dx
%-}-T——)@ax + 1 +pfxg3,+z(,5xs(u —u)+ﬁ s) @
The momentum equatinn for the solid phase is:
OpXi | PSXSLE_gpf o ax
ot T ax = Kooy TeKE P (al —2) +purgy &)

with Tg';T representing fluid stresses and P/, the fluid pressure. For the fluid stresses, a respective
turbulence-closure model, such as k — ¢, needs to be applied. Finally, the continuity equation for
the solid phase is:
> el
9psX + apsxuf -0 )

With the presented framework, the advection-diffusion equation becomes:
apsﬁ

9 oo _ 9 (vropsxs
e 4 (0~ widp o = o (2% ®
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Some Final Thoughts:

e It is difficult to separate storms from the
tsunamis in the geologic record!

» We need better models
» We need better field data
» We need better integration between field

and Modeling

e Inferences of flow characteristcs carries
uncertainties!

» Move towards statistical physics
» Machine Learning



