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Rimulation Code

Type

Table 1. Man Charnctenstics of the Determmmsiic Models For Sinulating the Lava Flow Enplacement

Ingut Purmmetens

Ouiput Pemmeers

Tt Clrsess

Relerence

Ishahara . CA precr, DEM; VP amd ofD rate, lava thick. 1983 Mivakejima fMlow,  lakahorn of ol [1989)
phys. lava prop, 19806 Ine-Chima LTs;
1914 Sakurajima LFs
SCIARA I, CA preer, DEM (squarehexagonal cellel,  lava thick. 160, |9R6= 1957, Barca et of, [1993],
W and off, mic rend; ad, pamm, and 2+00 temp. 199 = 93, 2000 Crieed o al, [ 20035,
at ¢r., solid and at an imermediate and 2002 - 2003 NE 2004, Spataroe o al,
temp.; cooding parmm Ena LFx [200]. I nvhrocio
of al [2005)
FLOWEFRONT 2=, imiplicit description  preer, DEM; min, thick. for flow; v thick. Longuaimay Frindge wr al [1994)
all b foonl behavier wril, thick, For Now and 19RE - 1989 @,
comesponding shope anghe:
Ly vol. supplied at cach
eration
Miynmoto and Sasaki  2-10, CA preer. DEM; VP amd cr mie; lava thick. analytical sohstion of Mevamain
phy= kwva prop. a Hmgham flow on awad Naseki | 1997]
a Nal plane; 1953
Muyakepma LF
FLAPWERCR 1-1}, seli-mlapine at-vent channel sadth amd depiky; fimal channel lemgth 1984 Mauna Loa LF; Harrs aad Rewlared [208H ],
muemezicnl madel underlying slope ( Ist version); dorwm-low ensaal, 16 May 1997 Bewland o @l [2H05],
sl o wemt pasibions and thermal and theslogical Pu CFT LF; {hcaber Harris ef al. [HH7]
eifuzion rmes, DEM pamen, 1998 Erma LF; comour
(Ind versian) line map of chamnel
lengah fior Hamead'iz
16 Seprember 20604
Emnn LF
LavaSIng 3-In, eompamional preer. DEM; eff. re wend; VP lwva thick 1 3-10 velaziny, 1986 Tms-Cihima [Fs; Hidaka er ol [2005]
fhuid dynamics chem, and phys. Lava prop, emp, and cell siane 2001 Etna LF from
fl'nui.l O salidl el T
Costa and Macedonso -0, shallow water preer, DEM; W and er. mie; lLava thick.; 2-12 femp. initial phase of the Coertin and Macedorie [20058)
equation phys, lava prop, 1931 - 1993 Ema er,
MAGFLOW 20, CA preer, DEM; off, rae rend, lava thick; 2-D wemp. 2000 and 2004 Erna LFs  Ficari of of, [2007],
VP phys, lava prop. Dl Negro of al, [2007)

‘l’lm.w“‘ru[ulﬂl.il vt wiTasio ane, sl persm . sl e

=N
propertien; vol, volume; e, enpeon; LF, bive fow: VI vent positon; DEM, Digasl Elevation Model; CA, Cellubar

- molil | solidifecatsom, semg . s TEasre, mHin . mingun, ek ihaieoe e, crmical, chem, ebsmmisal, phyw, physical, prge o
Auimats

(Proietti et al, 2009)

Table 2. Main Characteristics of the Probabilistic Models for Simulating the Lava Flow Emplacement®

Simulation Code Type Input parameiers Output Test Cases References
Dobran and prob, M5 model TIN of the preer, surface, VP proby, of the LF paths 1991 - 1993 Eina er, Dobran and
Magedonio Macedonio [1992]
FLOWFRONT MC sim. preer. DEM; stochastically derived: haeard map Ema flank er. Wadge et al. [1994]
min. and crit. thick. for flow W (vent below 2600 m asl)
take place; slope angle comesponding
o herit: lava vol. supplied at each
iteration
Felpeto et al. prob. MS madel (MC sim.) prob. of the VP; preer. DEM prob. of each point Lanzarote kland Felpeto et al [2001]
to be invaded
DOWNFLOW steepest paths over stochastic preer. DEM and VP, entity of pere. of LF paths 19911993, 2001 and Favalli et al.
petutbation of the topography perturbation overfunning every cell September 2004 Etna [2005, 2006]
LFs; 2002 Nwiragongo LF
ELFM prob. MS maodel (MC sim.) preer, DEM and VP, max, number of pere, of LF paths 1792, 1971 and 19911993 Damiani et al. [2006]

the cells in a given path; max, height
of the LF: lava height var. function

overrunning every cell Eta LFs

*Prob., probabilistic or probability; MS, maximum slope; MC, Monte Carlo; sim,, simulation; WP, vent position; TIN, triangular iregular network; min, minimum; enit, critical; thick,, thickness; vol,,
volume;, max,, maximum; var, variations; perc., percentage; LF, lava flow,

(Proietti et al, 2009)
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Table 1. Heat Transfer Models Between Lava, Structure, Ground, and Atmosphenc Fhuid

Liquid Lava Crust Structure

Liguid lava transport and thermal natural convection natural convection
conducti vity® correlation comelation

Crust natuml convection thermal conductivity® thermal conductivity®
correlation

Structure natuml convection thermal conduetivity® thermal conduetivity®
correlation

Ground natuml convection thermal conductivity thermal conductivity
correlation

Atmospheric natuml convection natural convection natural convection

fTuid correlation and cormelation and comelation and

radiation” mdiation” radiation”

I-lmt transport and conduction are calculated in the energy conservation cgquation.
P Radiation is not calculated for the under water level condition,




Imaginary
crust layer

Z2, A AR .

Ta Ti Tr (ijk)
(b) Temperature profile

Analytical mesh ® Tr (ijk-1)

77 : Interface temperature *

7r: Representative temperature of analytical mesh Tr (ijk) Tr (ijk)
7a : Atmospheric temperature

AZ,: Thickness of analytical mesh =0 =10

A z: Thickness of imaginary crust layer
(c) Relationship between imaginary

(a) Conceptual view of Heat transfer crust layer and solidification fraction o

— o€ (T 4 T 4) o: Stefan-BoltzmaniE £k

; Qr=0e(Ti" 1)) ¥ i =9 NIED

Vertical wall [McAdams, 1954; Bayley, 1955]

Nu=0.59Ra’*®  [1.0x10* <Ra<1.0x10°]
Nu = 0.10Ra? [1.0x10° < Ra <1.0x10"]

Nu : Nusselt number: XTRICKDEMmEEFBLE U TV DRIADEURE DL R
Ra. Rayleigh number: BBXTROARNLZIZEBIZ (BMRE /XTR)

a-L o RIEOBRER o ﬂ?}f\ﬁfi
Nu=== Ckmmes | Ra=30(1, T )¢ poEmRE
A mkomEER va x: R EHEE
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Solidus temperature 1000 C (1273 K)
Liquidus temperature 1100 C (1373 K)
Specific enthalpy of solidus 1.07 x 10° J/kg
Specific enthalpy of liquidus 1.39 x 10° J/kg
Solidification fraction of liquidity 0.5

loss 1.23 x 10° J/kg
Specific enthalpy of liquidity loss 0.66
Lava emissivity 1050 C (1323 K)
Temperature of liquidity loss 1. x10°kgls
Extrusion rate (0-3600s)
Lava specific enthalphy 0 kg/s (> 3600 s)
Extrusion temperature 1.23 x 10% J/kg
Viscosity 1051.2 C (1324.2 K)
Atmospheric temperature 5.0x 103 Pas
Ground temperature 17 C (290 K)

27 C (300 K)
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aﬂnmmﬂurmsus

| = Since 2002, volcanic earthquakes have been observed 10 to 15 times each month
in Mt. Baekdu

« Mt Baekdu currently is a classified as 'a high-risk volcano

» Small-scale volcanic eruptions do not cause much damage.
However, with a large volcanic eruption such as in 969 happening again, then we
can encounter lager pehttcal and economical impact than before.

e zanniam a2 m , {magma movemeni and sarihquoke avanis)

"" _L.[-E-'l-l_' e - LA

i £ NIDP slmulmlon M1, Boekdu

Mt Backdu and Valcanic Eruption}

* Ramotaly lncation and inacoassibla relationship
» Decislon support system for volcanic disaster response
« Enhancement of Reaction Capacity of Scenario-based practice
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7 Results [window capturel

@ Ash Diffusion and Mapping with expusures
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7 Results (window capturel
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@ Ash damage estimation results: graph and table
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Pyroclastic Density Current Benchmark Case
BC#l the dam-break pmhlem
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Iniglal condithons

*[assuming, for example, a uniform front of 100 m width, this is equivalent to a mass of 2x107
kg or 2 DRE volume of Bx 107 m:

C current
Volume (A=haxlo} 200000 m*
Volumelric parlicle concenlration (@) 5x10-1
Solid bulk densit; 1000 kg/m?
Total mass (*) 2x10° kp/m
Gravity acccleration -9.81 m/s®
Grain sizc (spherical) 25 pm
Particle density 2000 kg/m?
Temperature 300K /500K
Geometry ) B)

Mumerical parameters
Arbitrary grid size and time-step (but please spedly).

Boundary conditions

Bottom surface conditbons: No-slip (gas & partices)
Bottom surface roughness length: 0 m

Top, East, West: Free inlet-outlet

Output

Hazard variables (tabular)
= Front position VS time
Maximum runout
Dynamic pressure V5 distance
Temperature VS distance
Deposited mass VS distance, at final time

Vv

Some references
*  Bonnecaee, BT, Huppert, W E, and Lister, ). R [1993). Particle-driven gravity eurrents.
fournal of Fluid Mechanics, 250:339-339,
= Gladstone, C., Ritehie, L, Sparks, B and Woods, A, (2004). An experimental
of density-stratified | d lagy, S1{4):767-

789,

Hallworth, M. A, Hogg, A. ], and Huppert, H. E. (1998). Effects of extcrnal flow on
compositional and particle gravity curtents. Journal of Fluid Mechanics, 359:109-142
Hogg, A. |., Huppert, H. ., and Hallworth, M. A. (1999). Reversing buoyancy of particle-
driven gravity currents. Physics of fluids, 11:2891.

Ishimine, ). (2005), Numerical study of pyroclastic surges. Journai of Volcanology and
Geothermal Research, 139:35-57.

Simpson, ). E. (1999). Gravity currents in the environment and the laboratory.
Cambridge University Press,
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Use Case Template
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See what else is new »
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Recent high-density seismic and ground deformation observation

Detection of precise subsurface magma migrations
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Isotropic spherical source Sl o vertical slip

vertical disp.

Applicable condition
* isotropic & homogeneous media
* elastic deformation (no fractures)

horizontal disp.

. = NIED

time step=1
298
o

[1Continuous media are modeled by particles
(discrete elements) connected by visco-elastic
springs

“ =2 NIED
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Formulation of stress & fracture

N
normal A shear ( )
A A
-~ N
—
Ckn Cks \_/
Spring coefficient: Akn Spring coefficient: Axs
Damping coefficient: Ckn Damping coefficient: Cks
Threshold distance Mohr-Coulomb Criterion
D > Dth ) ~ t=C+ontand
Default Density | Akn Ckn Aks Cks
values [ka/m3] |[Pa] [Pas] |[Pa] [Pa s]

Mainbody |2.5E3 5.0E8 5.0E8 5.0E8 5.0E8
Magma 2.0E3 5.0E8 5.0E8 5.0E8 SQ;Engp

Numerical calculation procedures

Gravity packing

— ‘

. Generation
100,000/1,000,000 Particles
with random size and
position

"1 Gravity packing

Assign magma particles |

1 Assign magma particles
1 Set low density, bulk
modulus etc.

= 2 NIED

79




Assign Boundary
Conditions
boundary particles

czz = -1.0E6 Pa
oxx = 1.0E6 Pa

Assign Initial Conditions ‘

] Set initial velocity /
excess pressure for
magma particles

l Start !

= 2 NIED

10km x 10 km x 10km
cubic region
(i.e. diameter — 100m)

Gravity: -y direction

Initial condition

AP at the bottom of
magma dike

Time: 0.0

Boundary conditions
oxx = 1.0E8 Pa oz =-1.0E8 Pa

AP=27E7Pa

= 2 NIED
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Spring & dashpot coeff.--- Macro / Micro




YT < EREEKZERDET JLIE (Kawaguchi, 2013)

KO EDS = DIEFRERB =

O: [t EET(CPL, RFR)
Guralp CMG-40T(H-> Y4 FEHA 100

Hz)
A R7HR—)LEERET(LFS, OHO, LSC)
Pinacle 5000T('U'/7°')/7 JEHA 1 Hz)
" -rl_l *Di)\bo)7k:|:f‘tﬁﬁﬁ
it iain ki Fes CPL 796 m 350 m
ZEARY KILOER RS el Same R
) m m
(Genco and Ripepe, 2010) ool 645m 250 m
LSC 511 m 1030 m
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KOETICHBERENEFHEZE—F:5m) FTEfEE KFEHMR:200 km
AE A : 100 km
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(Genco and Ripepe, 2010)&Y
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bt
]

0.6r

Normalized Time

RIREFETIDGHELEZHARD
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(E)D L8
= P NIED

NEFZE: a

TEDMHFE: R, H

SADH: N,

INTA—L D EFH
H: 200 - 600 m
ho: 100 — 200 m
a: b5m
Ryo: 0.1-1.0m
n: 10, 100, 1000
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HhE= & XIS K 0D E B 14 &1

Enst-Shizuoka eq

z-:-':-m._. (= 1l i:".’.(Dil!’,E: 104_5 Pa
HERELME: 1055 Pa

- = 2 NIED
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