RWTFLO

(B) B R B P BT B 3R
i FH 2

M- X R OBITERIES S1L—ar | £3F—  2015/4/23 =3 NIED

KIUFEADEE

- BRETE: MRRFRIFBON? NVDECET? BETLVD?
20N FRBAARKEXZD KILEE

- MWEDOEZETEDNLUMNWNDEXRTIDMN? GEEHE)
20145 fEN5Ek L

- KEFUEFHEDEXFH




KIURFOBIESZaL— 3

> NUKFRFECFTFTTREN RSO ? FFEHIE T (2
> BRI RIECFTFTHEIMN?

T DOIWMR  ENF 50 - HEF T A REHRR : KE T A - 54

SRS 2 Ml —

AIDE=OIZHIES S L—30FTOMN?
o EMLBRREZHATHIERETILERIIT D
o TILFIT4OVIRADEIL /A EREMHE=0D
, ® 3Fﬁﬁﬁ2Fﬂﬁ%§IEﬁg'§-é —'aNlED




KIS

- BESSAL—a - T—EAR—AD@ME

&

5?—9&—1

BETFIL

LHDT=HDA NI —:

YR
p(B:") p(6:")

Exgosure | Vulnerability

L

<"

=T Lava flow $ou
1

|
M &

Clong

Buildings4———»

T EYorT) | &m |

N9 TS5 RIER

NIWBRDVILFRT—IL-TILF IV IR

Eo 2 a2

gD F

ik NE

SFRNE

'

IRAT
JFRDEBR2ER

s A AR <HORs—)L
0 3
10m 10 m 10m

Fa—N\IJLRT—)L

Z0BNIED




KIWIZHEFHIVORR

RIEN T~ SUBKIER « FEB

OLAO 7z {
<§§og§ iiﬁéiz e
e

ﬁ%o //%/ of®

A

SUBDETE « SiF Shear stressMFE fESDITH

- . )
SADT1FIVR | BRESEROZD | vV Lns
- ¥3 « AZD o etV
. T3 BORE BIOTE EH0TE| | . mR
« SUSBDET « & * SO
« SUBDFIARIER L bﬁﬂ’(bﬁ'é/iin’(b@'é/
- Y
- TSANT (RHB) i
L S00~9 00— HEERE

fE&SOTH ) [ I._ LNIED

@D E=HDIIAL—arFik

BT CRIUME K BRI F A | i
X {Erk e, E LT, 1992)

BER AR EEFH FEERR: LA —F <2 i% (Crisci et
BREDE(RIR-1th, 1984)  al, 1999)

% #Bi7% (Hidaka et al., 2005, Fujita et
al., 2008)

KT B IFo—a—2FTILOREER FIFiRET )L (shimine, 2007)
:/s\

H— DHACET R ILF—EEE
BED/INSUR, EH- i,
1993)
B (MER). RKEAEX-BREERE AHIR{KTEE: Titan2D (Pitman et al.,
THER 2003)
BE-NMNLUAR BR-ILBOKREZETIL $IF 5 ET JL(Neri and Dobran,
[ K (Tanaka, 1994) 2006; #5A-/NE O, 2006)

NTF—FFA —
BRZIREIETDIRREFICTFATIRURE PV LN\T - Ry T




Simulation Code
Ishihara

SCIARA

FLOWFRONT

Miyamoto and Sasaki

FLOWGO

Type
2-D, CA

2-D, CA

2-D, implicit description
of the front behavior

2-D, CA

1-D), self-adaptive
numerical model

Table 1. Main Characteristics of the Deterministic Models for Simulating the Lava Flow Emplacement”

Input Parameters

preer. DEM; VP and eff. rate;
phys. lava prop.

preer. DEM (square/hexagonal cells);
VP and eff. rate trend; ad. param.
at er., solid. and at an intermediate
temp.; cooling param

preer. DEM; min. thick. for flow;
crit. thick. for flow and
corresponding slope angle;
lava vol. supplied at each
iteration

preer. DEM; VP and er. rate;
phys. lava prop.

at-vent channel width and depth;
underlying slope (15t version);
set of vent positions and
effusion rates, DEM
(2nd version)

Cutput Parameters

lava thick.

lava thick.
and 2-D temp.

lava thick.

lava thick.

final channel length
down-flow crustal,
thermal and rheological
param.

Test Cases

1983 Miyakepma flow;
1986 lzu-Oshima LFs;
1914 Sakurajima LFs

1669, 1986 1987,

1991 =1993, 2001
and 2002-2003 NE
Etna LFs

Lonquimay
1988 - 1989 er.

analytical solution of
a Bingham flow on
a flat plane; 1983
Miyakejima LF

1984 Mauna Loa LF;
16 May 1997
Pu’ O LF; October
1998 Etna LF; contour
line map of channel
length for Hawai'i;
16 September 2004
Etna LF

References

Ishihara et al. [1989]

Barca et al. [1993],
Crigei et al. [2003,
2004], Spatare et al.
[2004]. 13 'Ambrosio
et al. [2005]

Wadge et al [1994]

Mivamoto
and Sasaki [1997]

Harris and Rowland [2001],
Rowland et al. [2005),
Harris et al, [2007]

LavasIM

3-1D, computational
fluid dynamics

preer. DEM; eff, rate trend; VI
chem. and phys. lava prop.

lava thick.; 3-D velocity,
temp. and cell state
Qiguid or salid)

1986 lzu-Oshima LFs;
2001 Ema LF from
2100 m asl

Tidaka et al. [2005]

Costa and Macedonio
MAGFLOW

2-D, shallow water
equation
2-D, CA

preer. DEM: VP and er. rate;

phys. lava prop.
preer. DEM; eff. rate trend;

VI, phys. lava prop.

lava thick.; 2-I) temp.

lava thick.; 2-D temp.

initial phase of the
19911993 Ema er.
2001 and 2004 Etna LFs

Casta and Macedonio [2005h]

Vicari et al. [2007],
Del Negra et al. [2007]

*Preer., preciuption, efl. rate, effusion rate, ad. paran, adherence parameter, solid., solidification, emp., temperawre, min., minimum, thick., thickness, cit, critical, chem., chemical, phys., physical; prop.,
properties; vol., volume; er., eruption; LF, lava flow; VP, vent position; DEM, Digital Elevation Model; CA, Cellular Automata.

(Proietti et al, 2009)

Table 2. Main Charactenistics of the Probabilistic Models for Simulating the Lava Flow Ernplaca'nmt‘

Simulation Code Twpe Input paramelers Output Test Cases References
Dobran and prob. MS model TIN of the preet. surface; VP prob. of the LF paths 1991 -1993 Etha et Dabran and
Macedonio Macedonio [1992]
FLOWFRONT MC sim, preer, DEM; stochastically denived: hazard map Eina flank er. Wadge et al. [1994]
min, and crit. thick. for flow 1o (vent below 2600 m asl)
take place; slope angle comesponding
o herit; lava vol. supplied at each
iteration
Felpeto et al. prob. MS maodel (MC sim.) prob. of the VP, preer, DEM prob. of each point Lanzarote Bland Felpeto et al [2001]
10 be invaded
DOWNFLOW steepest paths over stochastic preer. DEM and VF; entity of perc. of LF paths 1991 - 1993, 2001 and Favalli et al.
pertuthation of the topography perturbation overrunning every cell September 2004 Ema [2005, 2006]
LFs; 2002 Nyiragongo 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

overfunning every cell Etna LFs

*Prob., probabilistic or probability; MS, maximum slope; MC, Monte Carle; sim., simulation; VP, vent position; TIN, triangular irregular network; min., minimum; ent, eritical; 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 Atmospheric Fhud

Liquid Lava Crust Structure

Liguid lava transport and thermal natural convection natural convection
conductivity® correlation come lation

Crust naturml convection thermal conductivity® thermal conductivity®
correlation

Structure natuml convection thermal conductivity™ thermal conductivity™
correlation

CGiround natural convection thermal conductivity thermal conductivity
correlation

Atmospheric natuml convection natural convection natural convection

fluid correlation and cormelation and comelation and

radiation” radiation” radiation”

*Heat transport and conduction are calculated in the energy conservation cquation.
P Ragiation is not calculated for the under water level condition,




: Thermal conductivity

Imaginary

Liquid lava crust layer i
Z=Z, A > ZL i i > T
Ta Tr Tr (/J,k)
(b) Temperature profile
Analytical h
nalytical mes o Tr (ijk-1) B
N Minimum A4z
Cooling surface
77 : Interface temperature

7r : Representative temperature of analytical mesh Tr (k) Tr (k)
7a : Atmospheric temperature
AZ,: Thickness of analytical mesh 5=0 =10

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

(a) Conceptual view of Heat transfer crust layer and solidification fraction 6

= o¢ (T 4 T 4) o: Stefan-BoltzmaniE £1

. Qr=0e(li —T.) 7 aimms= =NIED

Nu = 0.58Ra°%2 [1.0x10° < Ra<1.0x10"]

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: XHRIC K DEMEEE L U TV DRIEDERE DL R
Ra. Rayleigh number: B3XtROALZIEEIBIE (BMRE /XTR)

o L o RAE0BEER o BLELER
Nu="= ["Kames  Ra=IL(T T )x® piERES
A wEORMEEE va x: ftRMES
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ermal conductivity

Latent heat of fusion 3. 2 x 10° J/kg
Solidus temperature 1000 C (1273 K)
Liquidus temperature 1100 C (1373 K)
Specific enthalpy of solidus 1.07 x 108 J/kg
Specific enthalpy of liquidus 1.39 x 108 J/kg
Solidification fraction of liquidity 0.5

loss 1.23 x 108 J/kg
Specific enthalpy of liquidity loss 0.66
Lava emissivity 1050 C (1323 K)
Temperature of liquidity loss 1. x105kg/s
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 Pa s
Ground temperature 17 C (290 K)

27 C (300 K)
21 - .,E

barrier

|5 minutes 30 minutes

1 hour 2 hours

+ 130m x 20m x 20m DIZHZEEE

- AN ROGIEIC )J%%‘O

c ANDOBRICEBRBE. —BNICIEY LANENDDH
ZA—=/I\N\—20-93d .-3

El-
'm




0T o} s T eks e A (Lt ) i o]

+ 130m x 20m x 20m DKDT —)LZEE
© M NEOEEERICKIRD D
HEOBE>XRADD SV I ICRKDSSICAHATEEEE

. =3 NIED

7 hirs

[E0 =] 105G L1+

* /Q%UIL@%JEEE%E@E%
« JoRIDFIE

24 .—,'3 NlED




)
4
th
)
<
S
A
m
?
D
H
1l

PIRIEN

R

26




BERLSaL—ar REE-HBMHE

AT A3FHIL v
WAHSDIEEAE (100 |

"

# 13_FHI1008 kiR )
# 13_FHI- 10080k HER
SRR

geeeppeee

O mmuEsy) |
@ =wELL)

B SCRH B - B SRRL TR 25— - B ST AU

27

.
#12_FMC-100RHE-IHNE RS
W 12_FMC- 1008 THE SRR
1 13_FHI- 10084 G-I )
o 13_FHI- 100850 k- TR R
2 L)

pegegpes

-

A CESIUN Yf -




Sl

T 12 FMC »
@ | WAL SOGENR . 100 (4R

L/

e 12_FMG- 100 R RS
- 12 PN 00RRR SR
ol 13_FHI- 1005 e AR INGEES L)
o 13_FHI-{ DOSSTR - BN
= oL

@ 2mimsuL) ¢
1022.197

o N

2 = I NIED
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< Background & Purposes

+ 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 political and economical impact than before.

e e i3 {magma movement and earthquake events>

s - mm&u“we B4 RS RO R0 0

‘.,uuauu!uu

{Mt.Baekdu and Volcanic Eruption)> < NIDP simulation Mt. Baekdu>

* Remotely location and inaccessible relationship
* Decision support system for volcanic disaster response
« Enhancement of Reaction Capacity of Scenario-based practice

) * IED




BIESaL—arENIUBRITEADER : B E 05
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 Key Process Designs

Ob"e““"""i Volcanic Disaster Response System
Cirrate
model,
_ Satelite Decision Suppert System 20D/3D Visualization U
| e
| I
”~ R it
u K M A“_—*_—_-: esponse I'!'IEI.I'I&QETIE"I
* Real time * Scenario
Prediction monitoring for predictlon respnnse * Manual
results and KMA + Situation riteria * Process
response observation g . * User
methods infarmation » Dissemination process * Systern
* Reporting
4
Minister of Public ® L4
Safety and Security Integrated Damage Prediction System Disaster Prediction DB

NDMS Server @ Damag diction simulation based on :
Disaster information seenarlo(satch) G Common Geospatial
dissemination system @ Real time damage prediction simulation

leanic ash : Auto, i auto simulati
(Volcanic a uto/Semi auto simulation) T i « Digital B
Valcanic Qutput Qutput Output DB tion =Scenario map manual
ash DB from DB from from output  -Statistics - Satellite * Criteria
algorithm Lahar Pyroclastic Velcanic < *Motice image
algorithm flow flood P * DEM
Batch algorithm algorithm » Thematic
Claculation map.
L Server 3 J
P Mass data Temporal
KIST £ processing Instrument of production renewal
Server |7 parallel for spatial Information
computing

. " IED

EIES S L—2a  ENIURBE TR D& A - EZE D5l

© VDPRC, Korea

7 Results (window capturel

@ Ash Diffusion and Mapping with exposures
NN

EW TR SUHE AamaE [
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30View HEtMMY
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I'e reglonal mapping with exposure data> < 2D disaster map> 19

32 -y A C TN




BIESaL—a v ERIUBRITHRADEA 5

< Results (window capturel

© VDPRC, Korea

@ Ash damage estimation results: graph and table

— g
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20
33 < estimation and calculation in each domain < loss amount estimation in each domain

Pyroclastic Density Current Benchmark Case
BCH#1: the dam-break problem

Foreword

In our terminology, a Benchmark Case is a "standard problem® focused on defining the

differences (similarities between models. It is a simplified system with some complexity

added I and sealing li

In general, it might be possible to design appropriate laboratory experiments to have an
al confirmation of a benchmark case. However they usually need special hardware

[eg. high-temperature facilities) and scaling might be @ serious issue (need of “large-scale™

experiments), Also in this case. a measure of accuracy, or error, is expected to be available and

should be explicitly reported.
In cases where experimental data are not (yet) available, the Benchmark is focused on
4 e dliff of the | models [possibly providing a metrics for

aquanﬁlmlvn compartson).

Geometry

2D Cartesian domain (L=H)

[in 30 assume symmetric initial conditiens)
L=10 km

H=1km

[ron-dimensionalization is possible)

a=15deg (/12 rad)
Aspect ratio AR=ha/la=08

Initial conditions

ilute current

| Volume (A=hy=ls)

Volumetric particle [a)
solid bulk density

34

*[assuming, for example, a uniform front of 100 m width, this is equivalent 1o a mass of 2107
kg or 2 DRE volume of Bx10m')

C current

Volume (A=hoxlo) 200000 m<
Volumetric particle concentration (®o) 5x10-1

Solid bulk densit, 1000 kg/m?
Total mass (¥) 2x10° kg/m
Gravity i 2981 m/st
Grain size (spherical) 125 pym
Particle density 2000 kg/m?
T 300K /500K
Geometr; A)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 Y

Some references
*  Bonnecaee, BT, Huppert, 1. E, and Lister, ). R [1993). Particle-driven gravily currents.
fournal of Fluid Mechanics, 250:339-339,
= Gladswone, C., Ritehie, |, Sparks, B and Woods, A, (2004). An experimental
ion of density-stratified | di lagy, S1{4):767-

789,

Hallworth, M. A, Hogg, A. J., and Huppert, H. E. (1998). Effects of external flow on
compositional and particle gravity currents. Journal of Fluid Mechanics, 359:109-142
Tlogg, A.J, Muppert, IT. &, and Tallworth, M. A. (1999). Reversing buoyancy of particle-
driven gravity currents. Physics of fluids, 11:2891.

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

Simpson, J. E. (1999). Gravity currents in the environment and the laboratory.
Cambridge University Press.
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Vhub.org is a site for collaborati
and risk mitigation. Use the men|
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Remote Sensing | tephra | Eyjafjallajokull Use Case Example - Albedo

502 emissions | Nevado del Ruiz in Miscellaneous, Jan 26, 2013 More events »

Flujos de SO2 | Gases Volcanicos || workshop Use Case Example - Shipping Forecast

volcanoes | More tags > in Miscellaneous, Jan 26, 2013

Use Case Template

Courses, Data Sets/Collections, Educational in Miscellaneous, Jan 26, 2013

Materials, Miscellaneous, Offline Tools,
Presentations, Publications, Tools, Workshops... Action Items & Tasks from Jan 24/25, 2013
All categores > workshop

in Miscellaneous, Jan 25, 2013
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Upload your own content! Get started »
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T. Kozono, T. Koyaguchi (2012), Effects of
gas escape and crystallization on the
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lava dome eruptions, JGR, 117, B08204
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Recent high-density seismic and ground deformation observation

A 4

[ Detection of precise subsurface magma migrations ]
BEWA map . ] ® '
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vertical slip

Isotropic spherical source

vertical disp.

....

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

horizontal disp.

5 Z=2NIED

time step=1
29.0

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

“ = 2NIED




Formulation of stress & fracture

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

Mainbody |25E3 |50E8 |5.0E8 |5.0E8 |5.0E8
Magma  |20E3 |50E8 |50E8 |50E8 |5028 NIED

Numerical calculation procedures

Gravity packing ‘

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

» Gravity packing

Assign magma particles

« Assign magma particles
» Set low density, bulk
modulus etc.




‘ Assign Boundary '
Conditions
» Set stresses for
boundary particles

czz = -1.0E6 Pa
oxx = 1.0E6 Pa

Assign Initial Conditions i

» Set initial velocity /
excess pressure for
magma particles

Start !

= INIED

Model case
1,000,000 particles

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

ZINIED




Time: 0.0

Spring & dashpot coeff.--- Macro / Micro




I X EREWAZERDET ILIE (Kawaguchi, 2013)

4294000

293000

4

47

0517000 0518000

ALBUARYRILDE A =52 %
(Genco and Ripepe, 2010)

0519000 0520000

KOGAEDS R DIEFERA =

O: It EETH(CPL, RFR)
Guralp CMG-40T(H-> )4 FEHR 100
Hz)

A: IRT7HR—)LEMERIEH(LFS, OHO, LSC)

Pinacle 5000T(ﬂ'/7°')/7 JE1H#A 1 Hz)
= | NOLSDKFIEE

CPL 796 m 350 m

RFR| 840m 390 m

LFS 740 m 420 m

OHO| 646 m 750 m

LSC 511 m 1030 m

= INIED
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TILT [normalized]

300

-300

T BEARORKETHRBIEL-ER L%
BARZ LORRE DRI R

EMEILEDZERS
— R FEREE AP D IGED
BEZENRELI-EESDRERF

, . -500 00 0 100 sec,
Time (s)
) Q :
\
80+ '\.. 5 cpl‘ .............................
\I
\I
§ 60 1
= N
£ RFR *\
H 40 .
= *
‘LS N ;
1] R Mt s R v AT T
----- OHO LSC
L T
-
0 400 600 800 1000
Distance [m]

(Genco and Ripepe, 2010)

= 2NIED




BREREICIDUARERDHE

HRT—2DIEMEEEDER D &N BURME(VR) THE

Z (u?bs _ ugaI)Q

VR(%)=|1- 22 % 100%

S ) o gIE, ue b B

THTLEETIL | @ | VROKEWEADFDINSA—4

U

BRASCEOENEHOBELE > BT —20BRELOEME S
. = INIED

RR&EH AR TERO
KOETICHBERAEEHE—F:5 m) STEMEE KFEAHMF:200 km
$RTE A : 100 km
XOGESF800 m)

INGA—4
(Genco and Ripepe, 2010)&k Y
¥ =2:1.3 GPa
R7Y2H:0.25

=ARERTRLERMNADARY ML ILEFZR
. K OEEEIFE S AR =3 NIED




J
o
J
P 0=147m ——RFR ;
— if
= ]
3 061 EFIL 4
= o
EDMDETIVISSA—E E oat o
= S < Py
-ERMRSEE T
EKEROKEAILNDENZE 02 et
-IERMR S DILEURE - H._ﬁ;aé-:“" Rl
00 0!2 04 0I6 OI.S 1

INDA—REEZ THRIEESTEZF1To1=hY,
IR R X B IR TEL AT

= py MRELM=6

51

Normalized Time
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