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Mississippi Canyon submarine landslide,
excavation limits and surrounding bathymetry
(in meters).
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MISSISSIPPI CANYON LANDSLIDE
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MISSISSIPPI CANYON LANDSLIDE - ZOOM UP -
MAXIMUM WAVE AMPLITUDE
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EAST BREAKS INUNDATION DEPTH

308 P
\;:.*ﬁ} '\ v & .

;i
=
£
e J
-
P

B N BN Kilometer

0 ! 0.5 {2 15 2 25

7.07
LONGITUGE {deg)



{hif Im
{m se

&
=z
ul
£
o
E
£
o




Probabillistic approach

Monte Carlo Simulations (MCS)
« Past events (we obtain geometry and

distribution)
* Dbathymetry data
« Data of soil parameter
e Seismicity data (PHA)

MCS

o Calculate the Factor of Safety

« Calculate annual probability of landslide and initial
tsunami amplitude

 Define the landslide size for the associated period of
recurrence (e.g, 500, 2500, 5000 10000)



Location and scale of existing
landslide

Area(km”2)
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Landslide statistics summary of the GOM

Depth of ) . HS/RO
No Longitude type headscarp : Runout (HS Width : W Unfailed ad. He.adscarp Slide volume (Headscarp/ Volume
to toe) : L height : T
Runout)
degrees degrees sq. km m degrees cubic km unitless cubic km

1 26.25 -93 Disint. 452 -1918 49 9.2 0.2 1.1 60 89 0.00122 13.6
2 2742 -92.49 Slump 44 -1423 3.8 11.6 30 21 140 2 0.03684 3.1
3 2739 -92.37 Disint. 29 -1469 12 24 0.2 3 111.7 1.1 0.00931 16
4 274 -92.27 Slump 62 -1356 12 52 04 3.1 148.3 3 0.01236 46
5 273 -92.19 Disint. 48 -1301 55 8.7 16 55 75 12 0.01364 18
6 26.67 -92.26 Disint. 52 -2024 14 3.7 03 5 200 34 0.01429 52
7 26.67 -92.19 Blocky 15 -1874 8.8 1.7 0.2 115 160 038 0.01818 12
8 26.28 -92.14 Disint. 15 -2053 8.6 1.7 0.2 1.1 110 05 0.01279 038
9 26.36 -91.98 Disint. 10.3 -2019 3 34 1.1 6 2033 0.7 0.06777 1.0
10 26.74 -91.61 Disint. 1156 -2150 79 146 0.2 NaN 263.3 100.4 0.003 152.2
1 2729 -91.41 Blocky 9.6 -1757 49 20 04 12 160 05 0.03265 038
12 27.11 -91.41 Disint. 34 -1733 7.6 45 0.6 25 60 0.7 0.00789 1.0
13 2794 -91.32 Blocky 143 -1076 12 119 10 5 176.3 8.3 0.01469 126
14 26.21 -91.19 Disint. 28 -2399 7.3 38 05 5.1 191.7 1.8 0.02626 27
15 27.79 -91.18 Blocky 42 -1332 6.8 6.2 09 8.1 1725 24 0.02537 36
16 28.03 -90.95 Disint. 70 -910 58 121 21 3.1 146.7 34 0.02529 5.1
17 26.51 -90.88 Disint. 148 -2262 12 123 1.0 75 315 15.1 0.02625 233
18 26.72 -90.72 Disint. 55 -2395 71 1.7 1.1 9.9 255 5.6 0.03592 70
19 279 -90.54 Disint. 40 -1091 42 95 23 44 161.3 2.1 0.03840 32
20 2757 -90.24 Disint. 748 -1404 45 16.6 04 1 55 13.6 0.00122 20.6
21 2746 -90.04 Disint. 5509 -2328 167 330 0.2 13 538 97.7 0.00032 148.2
22 28.01 -89.42 Disint. 1394 -2228 79 176 0.2 1.6 738 339 0.00093 514
23 29.1 -88.93 Disint. 2913 -1136 124 235 0.2 2 483 464 0.00039 703
24 29.95 -87.64 Disint. 2460 -1414 111 222 0.2 13 975 7941 0.00088 119.9
25 30.87 -87.02 Disint. 1098 -121 89 123 0.1 19 60 13.1 0.00067 329
26 27.11 -94.69 Disint. 519 -150 39 133 03 1.1 160 21.95 0.00410 21.95 East Break
27 2851 -89.78 Disint. 3687 -250 145 254 0.2 1 300 425 0.00207 425 Mississippi Ci
28 26.09 -84.75 Disint. 647 -800 19 341 18 58 150 16.2 0.00789 16.2 West Florida

Mean 215 -90.9 765.3 -15133 38.6 11.8 42 146.7 325 A

Standard deviation 1.1 20 13345 661.8 48.2 9.0 33 75.1 82.1

Median 274 -913 66.0 -1446.0 120 10.6 3.1 149.2 45

c.ov. 0.44 1.25 0.51

c.ov._Median 0.46 4.02 0.50

max 167 315

min 3 48.3

c.0.v. (coefficient of variance) = STD/Mean

0.0003=T/I=0.07



Seismicity
Peak Horizontal Acceleration (PHA) probability map from USGS(2
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Distribution of slope angle
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Distribution of Sediment
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Publicly available Soll data (GOM )
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Relationship between
Return Period of SMF and Initial tsunami
| .amprlit!uldle:: |

~.]
2

)
2

e T T I R

1
2

e . . . . s . .

I
(]
!

L
A
#

i

i

e

a0
2

M2
2

[hitial tsunami amplitude 1 (m)

-

.. Y AEIEY -

ST S
Iﬂt"ﬂ

10° 10
Return Period of SMF (year)



Relationship between
Return Period of SMF and Initial tsunami
amplitude
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Conclusion

A probabilistic methodology (MCS) has been integrated
to obtain tsunami sources and inundation (runup) for the
construction of tsunami maps in the GOM

Four transects with soll information has been
Incorporated into the probabilistic approach

Six (6) additional transects will be added for a total of ten
(10)
Tsunami inundation maps in five (5) locations in the

GOM will be determine for 500, 2500, 5000, 10000 years
period of recurrence



icly avallable boring data

s 3 ODP 100-625=B @ODP 1100=625=A
e ODP 100-625-C

‘r" ;
I0DP 308-U1324-B
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What kinds of data we need ?

Ocean Drilling Data - Leg 308

Data Overview

ANALYSIS Site Total 1324 1323 1322 1321 1320 1319
Site/Hole Summary gters recovered 1300 625 0 269 0 251 155
192 91 1 46 1 34 19

1095 526 0 227 0 213 129

11215 4519 0 2347 0 1974 2375

941 456 0 183 0 180 122

941 456 0 184 0 179 122

0 0 0 0 0 0 0

P-Wave Vel (Whole Core) (sections 329 207 0 121 0 0 1
P el (Split Core) (samples 314 215 0 58 0 12 29
sture Density (samples 1019 511 0 216 0 174 118
Thermcon (samples 168 79 0 40 0 31 18
480 207 0 135 0 B84 54

951 448 0 201 0 185 117

ns 938 438 0 198 0 184 118

0 0 0 0 0 0 0

0 0 0 0 0 0 0

85 45 0 23 0 11

817 365 0 164 0 170 118

287 156 0 320 0 65 236

1903 1090 0 10 0 489 314

0 0 0 0 0 0 0

0 0 0 0 0 0 0

X-Ray Diffractic samples 31 8 0 14 0 3 6
XRD Images (samples) 0 0 0 0 0 0 0
¥-Ray Flu ce (samples 0 0 i} 0 0 0 0
CP (sample 56 0 0 0 0 12 44
Chem: Rock Eval (samples) 0 0 0 0 0 0 0
Chem: Carbonates (samples) 209 68 0 48 0 43 50
Chem: Gas Elements (samples) 147 72 0 26 0 31 18
( f samples 203 68 0 47 0 40 48
des 141 55 0 24 0 26 36
Sedimentary Thin Sections (samples) 0 0 0 0 0 0 0



IDOP Leg308, Site1l319A
Water Depth(mbsl) = 1429.6 m

Leg308.5ite13194

Where,

BD: Bulk Density 2r, 1 1 1 1 1 1
DD: Dry Density

GD: Grain Density [« | | | | |
PS: Porosity <

VR: Void Ratio ©r.. 1 i 1 1 1 1

WC: Water Content fg
SS: Shear Strength = %[

(=2Su) =
100+ | : 17 . . .
Green plot & { * r
P / ! 1 1 1 l
BD by Gamma- 1204 - 1+t . . -
Ray Densiometry l ) }
140+ : 1F 1 . . .
Red plot T |
BD estimated by 160 L . | | . .
0123 2253 0 50100 0 5 0 50100 0 100200 0 1 2
gas pycnhometry DD(g/cc)  GD(g/co) PS(%) VR WOwet(h)  WOdn®) oo /Omzj(:ZSu)




IDOP Leg308, Site1l320A

Water Depth(mbsl) = 1470.0 m

Leg308.5ite13204

Where, ’
BD: Bulk Density sol
DD: Dry Density :
GD: Grain Density
PS: Porosity 100}
VR: Void Ratio
WC: Water Content fg :
SS: Shear Strength = °r- .
(=2Su) e

200_ -

250 -

3 2253 0 50100 O 5 0 50100 0 100200 O 5
) GD(g/cc) PS(%) VR WOwet(h)  WOdn(h) o /Omgj(:zsu)



DSDP Leg96, Site619
Water Depth(mbsl) = 2259 m

DSDP Leg96 Site619

20} . - - - .

40} . - - - .

60} . - . - .

80| . - - - .

100 . - . - .

Depth{mbsf)

120 . - . - .

140} . - . - .

160 - . - . - .

180 . - . - . - .

200 | | | |
1 2 3 0 50 100 0 50 100 0 100 200

Bulk Density(g/cc) Water Content(%) Porosity(%) SS(kPa)




Where,

BD: Bulk Density

DD: Dry Density

GD: Grain Density

PS: Porosity

VR: Void Ratio

WC: Water Content

SS: Shear Strength
(=2Su)

IDOP Leg308, Sitel1322B

Water Depth(mbsl) = 1319.5 m

Leg308.5ite1322B

Depthlmbsf)

5 0 50100 0 100200 01 2 3
Wowetlh)  WCAn(%) oo 02 (=2SU)

2 253 0 50100 0



IDOP Leg308, Site1324B
Water Depth(mbsl) = 1056.8 m

Leg308.5ite1324B
T

Where, _ H j i
BD: Bulk Density 100~ §4 I} A $ 1 rd - -
DD: Dry Density : ; J ]
GD: Grain Density " ‘ ] ! , ;
I 2000 37 T i | |t | | { | |
PS: Porosity : : , ' ,
VR: Void Ratio g
WC: Water Content 2so0p_:4 1 ¢ b . 1 M- . .
SS: Shear Strength £ |- | | |
=2Su - ‘ i
( ) w0l =] | ! | i -1* i I i |
ii } 3
{ i’
500F .. 1  § - } 1 1 1 1
’ L 11
J :
600 . L - o - H : :
0 1I 2I 3 0 1I 2I 3 2 2I.5 3 0 5|0 100 O 5 0 5|0 100 O 1(|)0200 0 t'|>
BD(z/cc)  DDlg/cc)  GD(g/ce)  PS(H) VR Wowetlh)  WCAn(%) oo 02 (=2SU)



ODP Legl00, Site625B
Water Depth(mbsl) = 889.5 m

ODP Leg100 Site625B
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Depth(mbsf)

150 |- . - . - .

200 . - . - .

1 2 3 0 50 100 0 50 100 0 100 200
Bulk Density(g/cc) Water Content(%) Porosity(%) SS(kPa)




Dataset

Bathymetric chart

« GEBCOQO0S8 : 30 arc-second grid

 Coastal Relief Model (CRM) : 3 arc-second grid,
from NOAA

Geological data

e USSEABED: Gulf of Mexico and Caribbean
Offshore Surficial Sediment Data Release,
Ver.1.0 from USGS



Data analysis procedure for slope

e Used data : CRM

e Used software to plot data : ArcGIS 10

* Function tool ‘slope’ is used to calculate slope
angle

* Function tool ‘Fill’ is applied to smooth the
surface of slope

e Coordinate system : UTM for calculation of slope
and then, transform from UTM to Spherical
coordinate (WGS84) for plot on ArcGIS
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Slope and Sediment distribution
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Data Points and available data

IDOP Expedition 308, Site 1319 — 1324

v' Report(PDF files), digital data

ODP Leg 100, Site 625

v' Report(PDF), digitizing required
DSDP Leg 96, Site 619 (614-624, actually)
v Report(PDF), digitizirg requ

v Digital data : only bul el

10DP 308-U1324-B
P 308-U1324-C ODP 208

-614-A



Bathymetry for transects

transect A : IDOP Leg308, Site1319A&1320A
transect B : DSDP Leg96, Site619

transect C : IDOP Leg308, Site1322B&1324B
transect D : ODP Legl100, Site625B




Most part of slope
angle very gentle

Example
500m/50km = 1/100,
Slope angle = arctan(100) = 0.57 degr

=500

=10010

-1500

(m)

Mo_a000

—2500

-3000

-3500




Relationship between Slide Area and

Volume

Result of the MCS : Casel
_ Limitation of L=167km,
Observation T=315m, n = 20,000

0.29652 09237

V=0 1082114
10" b 2004501
=L

M=01232648
10° F 1 2=0.00601
=L

Volume [km 3:'
Vaolurme (ke 3:'

1" 10 10° 10 1 10" 10 * 10 1
Area (km 2:' Area (km 2)



Relationship between Slide Area and

Volume

Result of the MCS : Casel
_ Limitation of L=167km,
Observation T=315m, n= 200,000

0.89652 N=0 1315 168812

10° b =g o067

V=0 1082114
10" b 2004501
=L

Volume [km 3:'
YWalume [kmsj

1" 10 10° 10 1 10° ' 10 1* 1
2 (km?)
Area (km®) Area [km



Volume [km 3:'

Relationship between Slide Area and
Volume

Result of the MCS : Case2

Observation -
n= 200,000
10 10
=0.100114 99852 w=0145554 "87°
10" b 2004501 10° b 2=0.50500
=
1’ o
=
5
ot
10° 10°
1" 10 10° 10 1 10" 10 * 10 1

Area (km 2:' Area (km 2)



Relationship between Slide Area and
Volume

Observation
10*
\W=0109114 189892
10* b =0 oasa

Volume [km 3:'

11

10* 10
Area (km 2:'

Result of the MCS : Case3
n= 200,000

w=0113724 191088

F Y =0B006T

Wolume [km 3:'

1" ik 10 10
Area (kmgj



Relationship between Volume and

Cumulative number of slope failures
Result of the MCS : Casel

Cumulative number of slope failures

Observation n = 200,000
10 : 10® ,
N=5g.2gy T
r*=05831 ]
DL
= ]
Pe s Lﬁ 4 1
-, E-
3, '_'_U'-'
'l o '
RN
= :
= ]
Lt
5 |
= 4
E 1
oy
rxgjfmatmez.?w‘”-ﬁg”% ;
muu s e e ch. F_P'QBIQ,S:B,,H — "”'Ilz T
10 10 10 1] 10 10 10 10
VOlume Yalume (kmaj
(km3)  Sub aerial : b=0.5+0.2

e Submarine, Puerto Rico (ten Brick):



Relationship between Volume and

Cumulative number of slope failures

Result of the MCS : Case?
Observation n =200,000

Cumulative number of slope failures
=

N=gg o5y TUEes
ri=0.9831

Cumulative number of slope failures
=

=
T

N=1050282 0004y "0 08611
ri=0 03731

10"

1w’ 1w T n° o
Volume Wolume (km™)

(km3)  Sub aerial : b=0.5+0.2
e Submarine, Puerto Rico (ten Brick):



Relationship between Volume and

Cumulative number of slope failures
Result of the MCS : Case3

Cumulative number of slope failures

Observation n = 200,000

10° : 10* ;
N=5g. 25y 199 ;
r*=05831 ]
310k
= ]
4 et :
* o, -‘ % md._ !
] _‘ . E
[a) ]
't 5otk 4
] E
£ 5
[ ]
2t}
5 |
3 J

E 1
S 'l |
o 3
P«QJ:12236[]4.BD?9V_D'?“54 ]
‘IUD MR | ial 1 ‘“]t' .r =FJ.E.32.5.1.?..I M | ..-
10° ' n* 1 10° 10 10 1

VOlume Yaolurne (ke 3:'
(km3)  Sub aerial : b=0.5+0.2

e Submarine, Puerto Rico (ten Brick):



7 (m)

Relationship between Volume and
initial Tsunami height (depression)

Casel n=20,000

Casel n=200,000 Casel n=500,000

Yolume (kms)



Result of simulation: Comparison to
observation

Result of the MCS : Case2

Observation n= 1,000,000

0.29652 087927

V=0 1082114
10" b 2004501
=L

W0 14141 A
10 E 2080711
=L

Volume [km 3:'
Vaolurme (ke 3:'

1" 10 10° 10 1 10" 10 * 10 1
Area (km 2:' Area (km 2)



Cumulative number of slope failures
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Result of simulation: Comparison to

Observation

observation

Result of the MCS : Case2

n =1,000,000

. m ;

h=gg o5y e

ri=0.9831 ]

L ]

., :

-‘ . __

N=4762323 5602 PO
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i ' Iy i e 10’ 10 Tk
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e Submarine, Puerto Rico (ten Brick):



Cumulative frequency distribution with various n

n <0001m n=01m
. ——— o
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09999 1 d 09999 |
| SMaller
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0951 095 |
nat 1 09k
I gives a large ol
1 ==
05k b|as = 05|
0251 025 |
Data has the lognormal
005} 005 | . . ) .
probability distribution
0.0001 | 00001 H
S Lo vyl AR R Lo vl Lo vyl L Lainl il L L Lol L MR | L L |
1w 1w 10 " 10’ 1n* 10 1n° 1’ 1n*
Initial tsunami amplituds 7 (m) Initial tsunami amplitude 7 (m)
n <002m n £05m
0.9999 09989 |
0.999 g9 |
0.9 099 |
045 095 |
04 nat
0.75 ot
==
05 E s
0.25 !
. 01t
0.%%- 005 |
0.0001 noond |
ES Ll 1 Ll 1 Ll 1 sl [ | 1 1 PR R R A A | 1 1 A |
1 10! 10 10’ 10 1 n° 10’ 1n*

Initial tsunarmi amplitude 1 (m) Initial tsunami amplitude 1 (m)



Cumulative frequency distribution
with Return Period of PHA

R

il

[ |
10

Return Period of PHA (year)

1

4,000yr

90% of total landslide events occur greater than 800-900
year of return period of PHA



Relationship between
Return Period of PHA and Pg,r

Case2 N=1,000,000 threshold n>=0.1m

converge
1074 ; L.y
Annual probability of n
tsunami-genic slope~
railre | x | Not converge
— =| g il V
= Pf"Pppa " x 5 Y

-E 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
1 ik 10

Converged MCS data distributes  FReturn Period of PHA (year)
in the range greater than 800- _
900 year of return period of PHA =1/ I:)PHA

11




Determination of the probabillity for
tsunami-genic mass failures

Definition: Type of probabilities

P - Maximum annual probability (=0.0001)
Maximum return period of MCS : 1/P,,,, = 10,000 yr

P; : Probability of slope failure

Peya : Annual probability of given seismic ground
motion

P<ve : Annual probability of tsunami-genic slope

failure * PHA : Peak Horizontal ground

Acceleration



Psye IS defined by the joint probability:

Psyr = PpaalPr < Bnax

p. — — N:total number of trials
N n: total number of tsunami-genic
slope failures identified in the

1 MCS
Ppua == Tg(year) : Return period of PHA

R (seismicity)



Number of trials and model
convergence
1
Fmax = (NeovD) ¥ 1

Assumption :

CoV (Coefficient of Variation ) = 10%

The annual-probabillity of the maximum return
period

P__. =0.0001 (0.01%, or‘t0,000 yr)

Total number of trials
N =999,900 = 1,000,000



How to count the tsunami-genic
landslide event?

n  N:total number of trials (=10°)
Pr = N total number of tsunami-genic
slope failures identified in the
/ MCS

n depends on the threshold value of
Initial tsunami amplitudes n



New: Jersey

#40 (NJ coast)

-2000 -5 — . — .- #26 (Hudson shel)
z _H e #23 (Hudson can.)
2500 H — — -#5(Cape Cod)
- e ety | | | x
0 10000 20000 30000 40000 50000 60000 70000

70km

Comparison to
bathymetries of East coast

i

|
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Test for cutting of bathymetric data (Transect
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A: IDOP Leg308, Site1319A&132C

1322B: 1429.6m sea depth
1324B: 1470.0m sea depth

*

Classification of soll
5 = Gravel

114 = Sand

3 = Silt

2 = Clay

1 = Mud

0 = Other description:s
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Most of data are
categorized as “fine-
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% 1 materials, under
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Characteristics of soli
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Figure 3. Lithostratigraphy of Site 619 showing age, lithology, core re-
covery, lithologic units, and comparison with seismic stratigraphy.
Seismic character: C = chaotic; P = parallel; SP = subparallel;
5T = semitransparent; T = transparent.




C: IDOP Leg308, Site1322B&1324

1322B: 1319.5m sea depth
1324B: 1056.8m sea depth

; Q"x Classification of soil
§ ; 5 = Gravel
| | I §x 114 =Sand
X% x 3 = Silt
| 1 s x¥ x ||2=Clay
2 x % 1=Mud
0 = Other descriptions
i i %X i
X Most of data are

% . .
categorized as “fine-

X grained cohesive

X materials, under

§ undrained loading
X | conditions”

% X

X Ry

Characteristics of soli
between 1322B and

L | L 1324B are able to be
10 15 20 25 0 50 100 0 100 200 300 01 2 3 45

Bulk Density(kN/m3) Porosityl%) Undrained Shear Strength(kPa) Classification of soil Supposed as same




D: ODP Legl00, Site625B
625B: 889.5 m sea depth

Calcpreous Mud and
50| 1t - . Marly Nannofossil ooze
=> Mud
100 |- . - . .
~ ys0] I | ] Marly Nannofossil ooze and
Nantofossil ooze=> Silt or
Clay
200 . - . .
:‘250 .‘_ I I I I I
‘enad® 15 20 25 0 50 100 0 100 200 300 Classification of soli
Bulk Density(kN/m3) Porosityl%) Undrained Shear Strengthl{kPa)

(Lithology)



Calculation of the Factor of Safety

Translational slope method
* Slope of GOM gentle

¢ + 0 tang

Td

FS =

Assumption of cohesive solid
effective friction angle ¢'=0
Undrained shear strength ¢’ = Su



Calculation of the Factor of Safety

S
FS — . U
(}OS — P«u;)QT sin 5 + kIOS’QT cos 3
0.0003 < T/l < 0.07
Where,

ps - density of soil
p,, - Water density
S, : undrained shear strength

%i?ﬁ%’(’%??eleraﬂon Topographic parameters

B : seafloor slope angle inputte(_:l_u§ing
K : seismic coefficient probabilistic approach



Input parameters for FS

Log-normally ol
distributed input
parameters Sooy
. Depth to failure (d) DEO_ 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Depth{m)

e Length (1)
e Thickness (T)

Ex. depth: mean=1513m, STD=661.8m

w10 Histgram - Length

* Slope angle 3 can be
determined by
bathymetry data, | and T. ol

OO 20 40 60 80 100 120 140 160 180 200

Lengthlkm)

Ex. length: mean=38.6km, STD=48.2km




Landslide statistics summary of the GOM

Reference data

author B.G. McAdoo, LF. Pratson, D.L.

title OrangeSubmarine landslide geomorphology, US continental slope
year 2000

journal Marine Geology

volume 169

pages 103-136




Input parameters for FS

It is better to use averaged density

0 : - - - -

e Bulk density of soll

* Undrained shear strength | _ )

100 |

Depth(mbsf)

150 -

200 -

250 | | | |
10 15 20 25 0 100 200 300

Bullk Density(kN/mS) Jndrained Shear Strength(kpa]

Ps S

u



Depthlmbst)

Function of depth for bulk density
and undrained shear strength
(x=depth)

A (IDOP Leg308, Site1319A)
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Function of depth for bulk density
and undrained shear strength

(x=d

C (IDOP Leg308, Site13248)
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PHA increases by 50-year
until getting the condition of
FS<1 E

% = 50, 100, 150, .... , 10,000 year

107
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K s
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Determine for initial tsunami amplitudes

. T\ (lsin B\ "% _2.2(s—1) 4
n = 5.(0.0574 — 0.0431 sin ) (7) ( ¥ ) (1 —e ) (W T )\)

where

Se = gl(s + 1) Characteristic distance of motion

ld(s+1)2 - .
A = \/;_ (s+1) Characteristic tsunami wavelength
sin (s — 1)

* How to get landslide width
(W) ?



Relationship between Slide Area and
Slope angle

20

1 LI 1 1 T LI || 1 T 1 1
‘1 O Tranzlational Slides

’EJ‘T v O Rotational&Blocky Slides

O 15 - |

BN Y y=—1358x"1%147 0p4
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o f ~. \ O
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Slide Area (square km)

Slope angle 3 determines slide area(A)



Relationship between Slide Area and
Width

[alla]
n

y=2 32 logls)) 189

e
F*=0 8616, RMSE=S.052 fﬁ@ o

] ] el ]
[ o [ |
T

N

Width (km)
b,
b
M,

A
ic:-,:,
&
i
i
|
o

i i
ok

I
i
i
1

Slide Area (square km)

Slide area determines failure width (\W)



Test for the Monte Carlo Simulation

Transect C
Trial Number n=20,000 , 200,000

« Casel Limitation L=167km, T=315m

e Case2 3<L<167km, 48.3<T <315m (use Max and Min
value)

e Case3 3<L<86.06km, 71.6 <T <221.8m (use
MeantSTD)
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Convergence of frequency distribution with
the different sampling number for depth

]

o000 Histeram - Depth to fallur | 10" istgram - Depth to failur |

1800 Sample = 104 8 Sample = 106

] Max(ave.)=7,384m ] Max(ave.)=10,703m
g Min(ave.)=243.1m | g Min(ave.)=185.7m |

800 -
600}
400 -

200+

OO 200 1000 1800 2000 2500 3000 3500 4000 4500 5000 500 1000 1600 2000 2500 3000 3600 4000 4500  BOOO

Depth{m) Depth{m)

<107 H tg am — De| ptht fI

T Sample - 5x107
Mean = 1489.7 m Max(ave.)=14,536

—

STD =662.3 m g'f: Min(ave.)=131.1m
c.ov=044 ol _

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Depth{m)



Convergence of frequency distribution with
the different sampling number for Length
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Convergence of frequency distribution with
the different sampling number

Thickness
Mean = 142.4 m
STD =729m
c.0.v. =0.51

Sample = 104
Max(ave.)=971.6m
Min(ave.)=17.8m

Sample = 5x10/
Max(ave.)=1906.2
m
“‘Min(ave.)=8.81m




Cumulative number of slope failures

—y
(=]
[

—
(=)
T

Relationship between Volume and
Cumulative number of slope failures

Observation

—-0.59495

M=a825%
ri=0.5831

B TIT:
Volume
(km3)

Cumulative number of slope failures

10

-0.3413

M=2606%
Pe=0 574D

Volume
(km3)

e Sub aerial : b=0.5+0.2
e Submarine, Puerto Rico (ten Brick):



Relationship between Volume and
Cumulative number of slope failures

Result of the MCS : Casel
Limitation of L=167km, T=315m, n = 20,000

n* . . . 10°

b= 0.69

= =
(2 [
T

=
L3
T

Cumulative number of slope failures
Cumulative number of slope failures

=
T

N=42336 DeaTy U425
r*=081577

N=103628.0043y V68718
Fi=0 8E776
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Relationship between Volume and
initial Tsunami height (depression)

Casel n=20,0000 Case2 n=200,000 Case3 n=200,000

7 {m)




Relationship between Return Period and initial
tsunami height (depression), frequency of

occurrence
Case2 n=200,000 Case3 n=200,000




Relationship between
Return Period of PHA and Pg,r

Case2 N=1,000,000 threshold n>= 0.02m

10t 0° 1
Return Period of PHA (vear)



Relationship between
Return Period of PHA and Pg,r

Case2 N=1,000,000 threshold n>=0.5m

10t 0° 1
Return Period of PHA (vear)
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OSU Experiment
Texas A&M Galveston
Georgia Inst. Technology

Portland, Or., 2013



OSU Experiment , NSF Georgia Inst. Technology
OSU Experimenggo. 1
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3D NSWVOF CaseMNSF2 Cycle = 3620 Time = 0:0:7.2017

CLICK HERE TO START
OSU Experiment No. 2-

TEXAS A&M

i_ ‘ UNIVERSITY at CALVEXTON

UAE FAIRBANKS

diban J MORRILLS
Ch-Er KIRA
T B OWALIE
BEGET
MR ETEITE
WO HaPA W E D

IGHT

2? 28 23 30
2 2 ”Iﬂorﬂ%na or. 2013



CLICK HERE TO START

Wil (1R L]

014

012 OSU Experiment No. 2

3D NS-VOF CaseNSF2 Cycle= 520  Time= 0:0:1.0017

MODEL INFD:

CPUTIME: 46 Hours
Domain Size! F52xATIx14T
Mo. of Callz: 14 Millions:

de= 0.06'm (variable)
dy= 0.06 m (variable)
dz=  002m (variable)
de variable (max 0.002 sec)

Portlagd, Or., 2{¥3




Gauge #15 Fjord Experiment
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Runup Gauge #8 Far-Field EXPERIMENT
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Tsunami generation and runup due to 3D landslide

| Runup Gauge #3
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Portland, Or., 2013




Tsunami generation and runup due to 3D landslide

CLICK HERE TO START THE MOVIE



Tsunami generation and runup due to 3D landslide
Experiment A=0.10m
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EARTHQUAKE PR 1918 (MONA TSUNAMI)
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MONA EARTHQUAKE, PR., 1918 - Grid 1/3sec Resolution -
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’T)‘ TEXAS A&M

UNIVERSITY at GALVESTON

Texas A&M University at Galveston,
States of Alabama, Florida, Louisiana, Mississippi and Texas

Proposal to the National Tsunami Hazard Mitigation Program
FY12 funding
Construction of five (5) tsunami inundation
maps in the Gulf of Mexico.

Portland, Or., 2013



m TEXAS A&M

UNIVERSITY at GALVESTON -; MaritimegSysstems _E'_"ngin \ 47

National Tsunami Hazard Mitigation Program
Construction of tsunami inundation maps in the Gulf of Mexico

NEW PROPOSAL Funding for GOM tsunami mapping effort

A probabilistic methodology for risk assessment
of tsunami generated by subsea landslide and its
application in the Gulf of Mexico

Portland, Or., 2013
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