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ABSTRACT: A numerical simulation was carried out using a VolcFlow model to determine the runout range of
pyroclastic density currents which were generated by the collapse of a Plinian eruption column on Mt. Baekdu.
‘We assumed that the most realistic way for the simulation of a sustained volcanic column is to modify the topography
with a cone above the crater to follow the expert advice from the developer of VolcFlow. Then we set the radius
and height of the cone, the volume of pyroclastic flow, and the duration and simulation time according to the volcanic
explosivity index (VEI). We also set the yield stress at 5,000 Pa, 10,000 Pa, 15,000 Pa, the basal friction angle
at 3°, 5°, 10°, respectively. The simulation results show that the longest runout range was 2.3 km, 9.1 km, 14.4
km, 18.6 km, 23.4 km from VEI 3 to VEI 7, respectively. It can be used as a very important basis to predict the
impact range of pyroclastic density currents and to minimize human and material damages caused by pyroclastic
density currents caused by future explosive eruption of Mt. Baekdu.
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WAk ek 3THA| 9] StEFo s ThEoixl
shiko 2, Al 1941 = A 2] 314)(2F 28.4 Ma)
o] o] Azt ot Al o] W YFt S8 SHit
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utet EA &S R S Al Este] 8
ANAE FAsIF, ZTo|oA|(44~1.7 Ma)d
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et al., 1993, 2007; Wei et al., 2007).
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o] ok2. 0F 209] Eof Gt (Yun et al., 2014)
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Fig. 1. Surface deformation from GPS and precision leveling survey. GPS horizontal displacements with 95% con-
fidence ellipses of (a) 2000-2002, inactive period; (b) 2002-2006, active period with inflation; and (c¢) 2006-2010,
inactive period. Vertical displacements along the precision leveling routes for the periods of (d) 2002-2005 on the
north slope, (€) 2006-2011 on the north slope, and (f) 2006-2011 on the west slope. The horizontal axis in d-f represents
the distance between the survey site and the reference site (Xu et al., 2012).
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3} A 5824 (He/ 'He) 2] 3tol 6 A== &7
Uelton, o] ME B 5oz Qg A
© 2 4= ¢l cHShangguan and Sun, 1997; Gao,
2007). 18] 31 HA] FHe] 2340 2%7} 69T o
A AR R Frkste] o 83C 2 st o,
SHit7b2o) ofste] TARE o] TEAE| AL, SHHY A
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= W Rk A H o2 23} 7ol Atk A
£ A A3= Ao]tH(Yun and Lee, 2012).
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ThFet RS AR S Z2OH S0 g Eol gt
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HE Solle v shs SMIQEEY A=E Al
AF8}= Fject! (Mastin, 2001), 21512, U=
5 TR SR FHR-E ARt 4= )= VolcFlow
(Kelfoun and Druitt, 2005; Kelfoun et al., 2008;
2009; Davies et al., 2010)4} Flow3D (Sheridan et
al., 2000), Titan2D (Sheridan et al., 2005; Procter et
al., 2010; Sulpizio et al., 2010), EXFE AAI3}17]
213 FLOWGO (Harris and Rowland, 2001), 2+5}2
£ AAFst7] Y%t LaharZ (Schilling, 1998; Mufioz
et al., 2009; Vargas et al., 2010)7} 1t} =3t 73513}
AR S d=317] 93 HAZMAP (Macedonio et



366

al., 2005), ASHFALL (Hurst, 1994), TEPHRA <}
TEPHRA 2 (Bonadonna et al., 2005; Bonadonna,
2006; Connor, 2006) 5-¢] It Constantinescu et al.,
2011)
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Fig. 2. Geometry of the calculation domain. The ground
topography is defined using horizontal axes x;, and y,,
and vertical axis z, (Kelfoun and Druitt, 2005).
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Fig. 3. Definitions of (a) scalars, vectors, and (b) cell
notation in the numerical scheme (Kelfoun and Druitt,
2005).
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913 22T 519 hE ALgSHe FEAL) A
H AR F L AREstH(Kelfoun and Drutt, 2005;
Kelfoun et al., 2008; 1 2). HFH A2 0]% FAF ©
A7 xHEH(a double upwind Eulerian scheme)
o] 7|23t F24-+F (shock-capturing) X514 v
HE AR851e] S|4 " rh(Kelfoun and Druitt, 2005).
o] WA
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rlr

%4, Aulrarefaction waves), 183l
A2+ FA (granular jumps)S A2 7HFs31, B
o AW} pAHoR W T2y vl B B
FoM=Z eHgF oz HE 7Hs3lh(Kelfoun and
Druitt, 2005; Kelfoun ef al., 2008). VolcFlow =&
S OFHEA W R o1, 99, WA, 26 5
cheet 5 810] tfsto] A8 THssin, Eak Ak
Aol eJ3t o2 Baket 953k WA Yoir} 7
S3tct(Kelfoun et al., 2008).

Kelfoun and Druitt (2005)¢f wt2H, 2943 F
AEES o] ool F7) he} AU 22
& sgeiere) ke AT AtH, Ao AR
ol B2 g9k £ u=(ur) 2L W)
e ARk 550 S Bag(h)e A AR
oA, £xo] FHgh u=(u,v) A FLolA A
AFEITHLE 3). A2 AR (i 1/2, )04 |
A REYPAL] DU AN, T F o5
< AlAkgitt.

VolcFlow= 2#]2] Socompa’te] AAH (Kelfoun
and Druitt, 2005; Kelfoun et al., 2008), o|Z=29]
Tungurahua®}ite] k& (Kelfoun et al., 2009),
Reunion 4 ¢] AbAE-I 2 I3t Au}u](Kelfoun et
al., 2010) 52} 2| &2 o] of] ARE-E ATt
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Table 1. The parameters using simulations according to the Volcanic Explosivity Index (VEI).

VEI 3 4 5 6 7
radius (m) 2000 2500 3000 4000 5000
height (m) 1000 1250 1500 2000 3000
volume (rn3) 10° 10’ 10 10° 10"
rho (kg - m™) <« 2,000 —
viscosity (Pa - s) «— 0.00001 —
g(m-s?) — 9.81 —
duration (s) 3600 21600 21600 43200 43200
simulation time (s) 7200 43200 43200 86400 86400

2.2 VolcFlowE 0|E& 37 AlZ20|M
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Table 2. Simulated range of pyroclastic density currents according to the volcanic explosivity index (VEI), eruption
volume, simulated cone radius and height, basal friction angle, and cohesion at the Mt. Baekdu.

VEI cone radius (m) cone height (m) V(()II:?;I ¢ ba;ilglez(t)l)on CO?SZ;OH rangezkorfl;'l ows

5,000 23

3 10,000 23

15,000 23

5,000 23

3 2,000 1,000 10° 5 10,000 23
15,000 23

5,000 23

10 10,000 23

15,000 23

5,000 9.1

3 10,000 72

15,000 6.7

5,000 6.9

4 2,500 1,250 10’ 5 10,000 6.3
15,000 6.0

5,000 5.3

10 10,000 4.8

15,000 4.1
5,000 14.4
3 10,000 13.4
15,000 13.0
5,000 10.7

5 3,000 1,500 108 5 10,000 9.4
15,000 9.1

5,000 6.7

10 10,000 6.4

15,000 6.2
5,000 18.6
3 10,000 17.4

15,000 17.1

5,000 13.1
6 4,000 2,000 10° 5 10,000 12.7
15,000 12.4

5,000 8.8

10 10,000 8.6

15,000 8.1
5,000 234
3 10,000 21.7
15,000 20.9

5,000 17.8
7 5,000 3,000 10" 5 10,000 17.4
15,000 17.4
5,000 12.4
10 10,000 12.4

15,000 12.3
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15,000 Pad ©j 6.7 km, 5°, 5,000 Pad | 6.9 km,
5°,10,000 Pad o 6.3 km, 5°, 15,000 Pad @ 6.0
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o] 6.7 km, 10°, 10,000 Pa¥ w 6.4 km, 10°, 15,000
Pad o 6.2 km7}A] =25}

SRR 69 B9, AT B9 2= 9
3 HA A ARl 7% QB9 27t HA
Z|ghi ot 27] gioll, S 7= Zlet &4
dol A2 A= Q). A nkEzto] 3°0]a1 7
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