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Fig. 1 Schematic temperature profile of gravel and snow
layers.
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Fig. 2 Simplified model of snowmelt by hot gravel.
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Fig. 3 Observed and calculated snowmelt velocity for a
case in which snow density is 0.39 g/cm?, snow depth is
20 cm.

2.2 ERERRNAFOQOSTS TRV LIHE
EOEEFE
FWAERTEANA Fu 7 70EBIZE, Asifico—

WITIZB T DB KHEOFE &2 B kTl

EET 2 FEERAVWE, £9, X (12) ZHAVTH

MY - OB KREZE ML, i PRt A D

EARTEHEERLD Z L TREKRANA Fe s T 7 %K

Wiz, $TdbbH, Case2 T 0.982 km?, LIS D

r—ATIE 3.898 km* % QICE LS Z & TREKE

RO, HRIEREITRMEKE & KW EOF &

RE L, "A FaZ I 7 3MERETMITDET

O RFRI&EPE TR LT,

SR LVERR O FE A - FEEWRIZB W T, JEik

X - RS LTE B A BN, RIS, &F

N WD 5 GREERIRE (60%FEERR) LD /h&E

U DR T 13 SR 2R LA L D LT & a2k 5 5 TR A
(JBAK) ELTHELIES, ZI2TiE, BEEm ALk

BRI R R E A S (2011) 2760,

HEWED 60%FKERA LM (BAK), %Y

A0%3 KL O b & (Eg) 7o e Lk, Z

kv, RO L (FEE) BEFXRNXICEY

k5,
0.4V,

Co=——
0 Q. +V. (13)

2T, co: MM ERPIREE, Vo RokirE, O, :

¥

WEKETH D,

2.3 RBRORT - HBEOBERZTFE

FA LT RIEO T T B L OHER IR AR O T 21T,
EAD (1989) O ZRITIMIRABF R EZ W=, B
TR O ZR TR OB R AT A K OGS 5 =T

— 383 —



LFD &b,

g &RAEHI
oh oM ON
ot Ty 7O a4
X, yjﬂLJ@i:@Jjﬁ%ﬁ
6M ouM oH
ﬂL 'BW:_ hg ghS (15)
oN OuN oH
ot +B—— o ﬁW:_gha_ghsfy (16)

t: R, x KM, vy SREAM, h: ik
Y, u, v:ZNER X, y 7O, M=uh,

,,,
__\_.,

N=vh, SiEEh EAf E4REL (F=1), g: EIIMEEE, H=h+z,

Sw & Sy E NI %,y H I OIS E R A T 5.
F7-, EmEBEEAE IZ= 78l A, UTo=;
ThoblLT,

n2uvu? +v?

Sy =

a7

o0
ot C.

o MERERE O T O AL IR,
MR g, D X, YR TH D, 72

2,z WEREL, ¢
Uox & Qoy: T NE LA
BAamwaE gy,

U5 =0op T Ubs + Upside (19)

THY, Qo IR E, Qs HEDE, b HFER
mwaEEET, mnwEX - FiEDEX - RRE
W EXIILTICRTED Th 5,

far b s (MPM )

3
Tuoqy _8W(Tm> Nk (20)

Z 2T, ooy RIBEBIFRIRAD B, s - PO,
d(|) : *JTX, Tx()) - 7{‘4 /DJIJﬂE/kETﬂ?(}Iij, Txe(ly - *ifj:
BIRF R TR TH Y, UTOBEZXT¥n
7RIk - THHE L,
2
d
Tugqty = Toem I()gliolj %20.4
Iogm[lg(”] "

dp, (21)

Ty = 0.857.,, — %<o.4

m

1)
T 2T, g W OEERIER IS T D MR T IR A R S T
HY, KFETIIHEDOZH 0.050 & L7,
D 7=
Qpsty = UChq) p10~° (22)
ZZIg, Obs(l) * PR IPER i = q RBMETH D,

EJ Ch(1) e TR d(|)@%£)ﬁ% S ;Bﬁéquﬁf(#‘ziﬁi@
BETHY, LTORICLVRDI(L—r B Y v

A XK )o
em[_(WN')JZ]} . f 23
u. b(l) ( )

, =555 L

2Wf 0

Tg%)%)o ZZT, Wf(|) j:(?LE}@{jEIZLF }_.#VC&D U\
FORE D KD (LA R,

2 36/°
. [sqd
Wi = [\f Sgd(l) sgde o &0

==}
1 T Ju? -dz
aan =40.01.72 [ 1——<00) - 25
Upsidet) { T(|)( Tty sing (25)

Table 1 Simulation condition.

Drainage Pyroclastic flow Volume of
Snow density ~ Snow depth area temperature pyroclastic flow
(kg/m?3) (m) (km?) (degreeC) (m3)

Case 1 250 1 3.898 1000 1,000,000
Case 2 250 0.982 1000 1,000,000
Case 3 250 2 3.898 1000 1,000,000
Case 4 150 1 3.898 1000 1,000,000
Case 5 390 1 3.898 1000 1,000,000
Case 6 250 1 3.898 500 1,000,000
Case 7 250 1 3.898 1000 3,500,000
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Table 2 Parameters used for mudflow simulation.

Parameter Value Unit
Density of sediment 2.65 g/cm3
Density of mudflow 1.2 g/lcm?3
Internal friction angle 30 degree
Mean diameter 10 cm
Porosity of riverbed 0.4
Manning’s roughness coefficient 0.05 miss

Table 3 Ratio of grain size of riverbed and pyroclastic

flow.
Grain size (cm)
0.18 5.96 12.7
Ratio Riverbed 0.08 0.25 0.67
Pyroclastic flow 0.22 0.41 0.37
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Fig. 4 Locations of simulation domain and source of mudflow. Green squares indicate villages of Nakao and Tochio.

— 385 —



% 1000
“E goo | €81 | —— Water + Sediment | Case 2 |
= — Sediment
8 600 E
S 400 | 1
1S
s 200 f 1
Qo
0 3000 6000 9000 12000 0 3000 6000 9000 12000
% 1000
E g0t Case 3 | Case 4 |
& 600 | |
S 400t .
S
*g_ 200 1
= 0 -t
0 3000 6000 9000 12000 0 3000 6000 9000 12000
% 1000
E 800t Case 5 | Case6 |
& 600 | |
S 400 | 1
1S
S 200 f P\\\\_; 1
[oN
0 3000 6000 9000 12000 0 3000 6000 9000 12000
% 1000
E 800t Case 7
3 600}
S 400 |
1S
= 200 —
Q.
0 3000 6000 9000 12000

Time (second)

Fig. 5 Calculated mudflow hydrographs.
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Fig. 11 Temporal change of deposition depth at Tochio.

7%, Case3, Cases TIXIEDfE (HERE) L7p-o7=, =

FUIIEROREE RN L Case3 (FEFHVE - K), Caseb
(FEEHEE : R) OREANA KR T I 70— 7k
BORREL, EETWREN/ NI WDIZ, b
A AT CREBICE R Lz B0 % R AT T CHERE
SHEEEHEBZIOND,

HG 2 T O ENR, HERIE ORI E e
AUFig. 10, 1117379, IRENRDO KR KL Casel, 3,
4, 5 TiE15~2m TH v, JEHIELE L — 7 FE» /)
SWir—2 (Case2, 6, 7) TIE/h&E < 7e DAH A A H
bz, EOr—Z2HRKK Im HFELTBY, JE
MBEAEBICEDZBEWVTIIZEB N >72, Case2
B L Cased OHEREE I 0.8 m &, fhr—= (1.0
~1.6 m) ITHARTOR/NIWEEZR L, Zhid
Case2 TIXIRIED v — 7 Ji a7 ik J1 23/ &
< Bk TOREBEEN/NZ W0, Cased TILIBHLHT
Hkg R N E W= e BEZ 5N 5

R, WiRHAICIT D IRREIERH 3 X Ok
KN % ZF N ZFNFig. 12, 131RT, BEBE/IO
CasedlZH W\ Tl b et 288 L, Zhud,
EHEEDNSWTEDICMEN R EIT LD EE
bbb, BEE TCORMITASKKHA EE S %
TOREMICEKRE L, £, BERKRED /SN
Case2 TIE, TIOMiE CTEEE TICEWEEZE L
7=o HRIZEVT, Case3 L ’Cases5 TlIHEFE M
Tholeloth, FEWITKERAKMER LT,

@ Tochio
= 100 | B Nakao
= o
E 5)

E 804 ®
= o o
= o~
£E 60 -
gv
8 © = u
= 40 1
- ] |
g [ | (0]
[= 20 1
|
0 | |
@ﬁcﬁ%ﬁemﬁ%ﬁ%ﬁﬁa@T
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Fig. 13 Max flow depth of mudflow at Tochio and
Nakao.
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Effects of Snow on Deposition Area of Volcanic Mud Flow
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Synopsis

Generation process of volcanic mudflow is still unclear although volcanic mudflow induces huge
damage and losses. We used newly developed simple heat transfer, snowmelt and infiltration of snowmelt
water equations and calculated initial mudflow hydrograph under several depth and density of snow and
amount of pyroclastic flow. Our results showed that initial mudflow volume was associated to snow depth
and density. The results also suggested initial mudflow increased earlier than that assumed in previous
studies. For all cases of the calculated initial mudflow hydrograph, a two dimensional riverbed change
simulation showed inundation of 1 — 2 m depth at Tochio approximate 7 km downstream from the source of
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mudflow.
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