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Abstract

If the large volcanic eruption occurred at a volcano on Kyushu, the volcanic ash would be transported to Shikoku
by the westerlies and affect to electric facilities at the downwind region, although there is no volcano in Shikoku.
Especially for nuclear power plants, it is necessary to assess the ash fall hazard to the facilities, considering the
targeted volcanoes. The thickness of volcanic ash around Tkata Power Plant has been evaluated to be almost 0 cm
based on geological survey. However, it is expected that the ash thicker than a few cm will be fallen on the Ikata site,
depend on wind direction. Then we carried out the analytical study using TEPHRA2, simulations of tephra
dispersal.

The tephra fall hazard from a future eruption at Yufu, Kuju and Aso volcanoes are simulated. The most effective
eruption to the site is the VEI5 eruption from Kuju Volcano (Kj-P1, the eruption mass is 2.03 km?3). Based on the
calculation using the average wind of each month, the average thickness of the ash fallen on the site is 0.5 cm. The
ash fallen on September was thickest (2.2 cm) in twelve months.

In the case that the wind blows from the vent to the site, 4.5 cm-thick-ash fallen on the site. Given that the

eruption mass being 6.2 km3, the ash of 6.9 cm-thick deposited at the site.
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& LCHEMDH D TEPHRA2 #FIHT 5.
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(Figure 1).
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Fig. 1 Localities of Yufu, Kuju and Aso volcanoes with Ikata Power Plant.
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4.1. ®EAE
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4.2 THKINSA—4
ZIENO KL OBEITE R AT, A
D 2 ka Wk (AR 2000 40T, BE Tk
W OE R 0.05 km3 (ZEEEIZAY, 2007)),
NEILOIUES B FTiA (HAFERE 5.4
FAERT OIiZIEDy, 2015), MEHIE 2.03 km3
(ZEREZ >, 2007), BT L oo BT HL o T
T (EKAERA 3.1 TR, W E 2.39

km? (F#IE2>, 2003)) TH5 (Table 1).
AR 2 ka MEKIE, MEKHRRE 2 7R3 185
{5k F5 % (Volcanic Explosivity Index,
Newhall and Self, 1982) TF 3 & VEI = 3
~4 L 7¢2%. Newhall and Self (1982) | Xk
L&, FOBEOEFR S 1% 3~25 km &
e sns. ARk, LEE B TEAB X
OB T If T oM kB IL VEL = 5
FRETH Y, MRS 1L 20~35 km & HEE
END. ARFTIE, BAEICE D 2ka Ek
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TEPHRA2 #E43{i 3 M L7 (Table 2).



PUENZ BB 2 B9 B PAIRICBET 53R = L—v = USRI

Table 1 Eruption parameters used in the simulations.

Kuju Aso
Volcanoes Yufu References
(Nakadake) | (Nakadake)
Height above Japan Meteorological
1,583 1,791 1,506
sea level (m) Agency (2013)
Distance from
) 89 108 130
Ikata site (km)
Eruptive Sudo et al. (2007),
0.05 2.03 2.39 ) )
Mass (km3) Miyabuchi (2011)
Plume Height
15 25 25 Newhall and Self (1982)
(km)
Column Steps 100 100 100
Maximum
o Bonadonna et al. (2005)
Grain Size -10 -10 -10 ) ]
) (Felsic: -10, Mafic:-7)
(phi)
Minimum
o Bonadonna et al. (2005)
Grain Size 10 10 10 . ]
) (Felsic: 10, Mafic: 7)
(phi)
Plinian eruption (Mount St
Median Grain Helens): 4.5 phi; Subplinian
1.0 4.5 4.5
Size (phi) eruption: 1 phi (TEPHRA2
recommendation)
Plinian eruption (Mount St
) ) Helens): 3;  Subplinian
Sorting (phi) 1.5 3.0 3.0 _ _
eruption: 1.5 phi (TEPHRA2
recommendation)

43. RR/NFTA—4
ARRECIE, FiUr 22 4E#(1988~2010 4F)
O HFET 9 RF DO HIER ~ = £#Y 30 km £ TD
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e E KRB ) 261 L7c (Figure 2).
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JEGHE A3 K & MR PE RN AL TV S (Figure 2) .
FRICATITITRE R & <, PRI 30 m/s
FREEIZ72 0, 2T T0m/s FRIEZB 252 &
LD, ek, BEFRIFAFOEGBRIEUTO
JEGE & 72D, Bk U7z 3 kLo EZ2i3n) T
H, TOVxzy MRIHTHALTWND EEZ D
N5, Zokd, KUAEALESA, Kl
JRZZ DY = MRS L0 BT AN E ) <
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% TR ORME (Fall Time Threshold) 35 K
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Fig. 2 Upper-air wind velocity (a) and wind direction (b) averaged every month sampled

every 09:00 local time from 1 March 1989 through 31 December 2010 at Fukuoka (Fig.1a)

(Japan Meteorological Agency, 2012).

Table 2 Grain parameters used in the simulations

Parameters Unit Value References

Lithic Density kg/m3 2600 TEPHRA2 recommendation
Pumice Density kg/m3 1000 TEPHRAZ2 recommendation
Diffusion Coefficient m?3/s 200 Mannen (2013)

Eddy Constant m?/s 0.04 Suzuki (1983)

Fall Time Threshold s 3600 Mannen (2013)

Plume Model 0 (uniform) Mannen (2013)

Plume Ratio 0.1 TEPHRA2 recommendation

-
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A, JUEE L, BRI DR IZ DT
FIFERH B O R Z A TR L7 5
ROWMEE Table 3 (IR 7. 2B, £RICEB
D BEIKIEIE 1, BRIR O E 2 1000 kg/m3
CIRELTHE LTSS (Fl2IX, BIK
& 1kg/m2 72 EBKEIEIZ0.1em &725).

HulOfRMr OfE R, 473 (11 H~5 ) 12
B A H IR EITNCEB T D BKEEIL 0~0.2
cm CTHY, EF (6 HA~10 A) L L T,
FEEZHE Y (Table 3). Z OfEHAIX 3 DDk
gk CHE L Ce o, LEILOE KIS
X BRER DA% Figure 3 1287, HAAE, L
138 K ORI o0 K LM K K 2 BT o
R K JE I E A EET 0.1 em, 0.5 cm
BELR02ecm THY, WELOEKTRKE
720, BERL, mmEL NS RoTND

(Table 3). GHFEEANIZIIT 2 EIKEIEIZ,
WFNOKLMEKRTE 9 Ak ERD, W
ik, JUEL, FEFLCZNZEi 0.3 cm, 2.2
cm, 1.0 cm T&h 2 (Figure 4). 3 2Dkl
MEKIZ KD BENRRDERE LTE, &K
o & et & OALERIGR, MK HL IS K ORI
DETOND. BAHET 3 >OKILOF Thi
LT HEBATE TOEERA/ NS W E DD, 1
KBNS W=, 9 HZ GO/ H DO
AR D JEE T IO < BEIK L 72V, Brrdig
iE 3 S kLD Tl b I ERT & DR
FRAARE L, MEPBEICMMELTWDZ &M
b, FREOEBET AR ITITRHIIZEAL
BeIK L7xu., FE7z, WREORNSHEET 5 9
TR T FEIK O HRuL X L0 R ]2 1)
WTWD728, i CORKIZ1.0em ICE F
% (Table 3).

Table 3 Calculated thickness of volcanic ash fallen on Ikata Power Plant. Yellow marker

shows the maximum thicknesses.

Volcanoes Yufu Kuju Aso
Jan 0.0 0.0 0.0
Feb 0.0 0.0 0.0
Mar 0.0 0.0 0.0
Apr 0.0 0.1 0.1
May 0.1 0.2 0.1
Thickness Jun 0.2 0.6 0.2
at Ikata Jul 0.2 1.5 0.7
Site (cm) Aug 0.0 1.1 0.7
Sep 0.3 2.2 1.0
Oct 0.2 0.2 0.1
Nov 0.0 0.1 0.0
Dec 0.0 0.0 0.0
Average 0.1 0.5 0.2
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Fig. 3 Isopack maps of ash from Kuju computed for each month.
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Fig. 4 Isopack maps of ash deposits from Yufu, Kuju and Aso computed for September.
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6. REWITHEITEIEN - KRA/NFA—2D#RE

B~ DRI e b BB R E WILEL
OMEKIZEI L, MR E R L O HES O
WK RT A =B RRNRT A =2 B b S
T2l —= AR EATV, BT XA —F DRI
DWTELL, HMELICBIT 5 KILKEE
DFHEZAITH . ZOBE, 12 7 HDH 5, i
THROEWVWKIIKES L7225 9 ADEE AW
BT KLURY 2 b—va v AR —2
3% (Table 4).

6.1. FIERRED 7y —RERE

JUE S — R NA & B L 72k VEL
=5 ThV, ZOMMEHEZIE~25 km & H#
EIND. 2720, RBREORBEDOETH
S>Th, BEEEERIZSSEDRE VAT
A—=RThHDHI LM, BRF—2THD 25
km 5 5 km B S ¥ 727 — ARFH 21T
7= (Table 4). LA FOMF CTHWRL /37
A—H 3 Table2 LRI L THD.

6.2. EHED—X#&E

JUEF B T A O KB OV T
ZAVE TR D% JE MR 2 B\ K AR
RS o 2ZBE ) (2007) 12X D 2.03
km3 ARENTE 2. Lo LITAE, £ - 0
B (2014) (IAAVRAHE ISR T D EESAH DT
— X EPEFRL, BHFEIRLTOWRNEO
D, JLEF-EAOHEKHRL LT 6.2 km3
FREE LIz, BARBIG O & [k TN
RHENSIDFRD T2, HHEEZ AR — A0
2.03 km3%f L TR&E < A » 725G O
& 6.2 km3 % W THF 21T > 7= (Table 4) .

6.3. A - AED 7 —RRE

EEORG LN EEZEZ D L, B ZEE L
TeEFERMOHBEEMIED Z LIFBFERNT
ERv. 22T, mEXEBIIFERD 9 HD
PAERDN D, BT EIcR < m A L, Z
D & Bk U CRARAY 72 B 2 FERR L C L)
DEEEZRF L7z (Table 4). ¥, EUEDE
LOXDOWBLRHNT L0, WmEKSEN
FHD 9 H OPARED G, A 10 2L X
B MmETH1T -7 (Table 4).

Table 4 Eruption and atmospheric parameters used for parameter studies. Yellow markers

show the tested parameters in each case.

C Primal Plume Eruption | Wind Direction | Wind Velocity
ases
Case Height Study | Mass Study Study Study
Plume
] 25 20, 30 25 25 25
Height (km)
Eruption
2.03 2.03 6.2 2.03 2.03
Mass (km3)
Wind
] ) Ave. Sep. Ave. Sep. Ave. Sep. Blow to Ikata Ave. Sep.
Direction
Wind +/-1 sigma of
) Ave. Sep. Ave. Sep. Ave. Sep. Ave. Sep.
Velocity Ave. Sep
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7. R
7.1, BERSEOREH

WE MR i A S S E TSR A T D
&, MEERE S 20 km OATEH 25 km O
LATH, FHREBEHICRT 2BIKEEIT 2.2
cm CED 7\ (Figure 5). MEEAESE 20
km OFE RO AR =L 30 km R LD
b, JELBRRT 28 (B2 13EE 25 cm LA
LofE®) PE EFTRATHDHLOD, 4
REG 7 A & Ui, MEMEA: & B 20~30 km
OFEPATIE, MR R E O ZA D BEIKE R 5y
AN R E T BT/ v (Figure 5) .

7.2. RHEORE

A 6.2 km3 (2 L72E, 9 HOV4E
O R CEHIH DT 5EEITX 6.9 cm &
72~ 7= (Figure 6) . B H & 2.03 km3 DEA,
I CORRIKEIEIX 22ecm TH Y, BEHED
Bl bITEEV AR —ADB LT 3 1%
FRE Lo,

131° 132° 131°

7.3. ElE-EEORE

JEUHR 2 28 ST, BRI HERE 9 5 0k
KRS E D K 95 IZBA6T 2 hat Lz,
BRI —2ADRHE10 B8 LU+ o DS,
HTOREKEEIZZNZE 2.6 cm 38 XU 1.4
cm & 72o7- (Figure 7). HEAKSF— AT,
JE =534 OB L 0 Ol A B o Tk
v, SRS X ERIKEEITELS 2.
iz -1o/hS< LTIEE, EAF—2A LY
& BRI DIEN R 725728, AR — A
0 bBHUT I T D BRIKIBIEREL Te o T,
—J7, B#Ex+lo K& Lchd, BT —
A2 R0 SPINREIK AT L T2 DT, WD
BN 2 & BESIOELS 220, Slic ks T
L REIREIE 13 < 7p o 7.

JEL A 208 Bt A & & 7 D ARARA 72 B A& AR E
L7856, BitEIcB8I 5 EEIX 4.5cem &
72 o7z (Figure 8). H\[A3EIEIZ K & 2
T5HZ L EERTE.

132°

- (20 km) Thickness 2.2.em#| (25 km)
| 0

a—

33° - I
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I
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Legend oy J~Sem [ 50~100cm

/3 5~10cm [ 100~500cm

[ 500~1000cm
I 1000cm~

W lkata Power Plant

Fig. 5 Isopack maps of ash from Kuju computed for column heights of 20, 25 and 30 km.
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131°
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T ~fm [_110~20cm [ 500~1000cm
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] 5~10cm [ 100~500cm M lkata Power Plant

Fig. 6 Isopack maps of ash from Kuju computed in the case of 2.03 km? (left) and 6.2 km3

mass volume (right).
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Fig. 7 Isopack maps of ash from Kuju computed for the wind of slower (-1 ¢ from average

wind of September) (left), of September and of faster (+1 o from that of September ) (right).

131 132°
(To Ikata) Thickne

33°

L] ~Tam []10~20cm [ 500~1000cm
Legend . 1~2cm [ 20~50cm NN 1000cm~

[ 2~5em [ 50~100cm

1 5~10cm [ 100~-500cm M Ikata Power Plant

Fig. 8 Isopack maps of ash from Kuju computed for the average wind of September (left) and
of the day when the wind blow to Ikata Power Plant (right).
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8. EE

A RIS L7 JUE L O KB T 5 Mt
r—ADOWT, BIKEESMICKE T
HRNT A—=H L LT, Al - JEGE S K OWE
ERETHNS. EEL 2.03 km3 b 6.2
km3 ~K) 3 51295 &, BRIKEITHMIZKH 3
fHIZ72 > 7= (Figure 6). LU, JE\[A23HH
TR AU, 72 & 2 H R 6.2 km3
ThHh-oTHRKEREIZIZEOm TH5H. 5
W BT, IR 2 BIKEEIC &
WL B2 537 A= XAN - JBHTH
L. FRICEANC XD RN RE VDS, R &
JEGE I TAE AL BEE LT 5728, Wi & ST
LTS Z&iET&ERun.

Bz, AFTRNY = v FRIROFET
fRME IR < 220, RSB E I D T
D, KILKHE < HEFES 5 TP 72 < 72 5.
THICIMAT, B~ OR TLET S Z
L1z kv (Figure 2), 3 EHT L 0 M~
K9 2% (Figure 3). =hicxt LT, EZFIZX
Yy MRIATED, RAAIES oL 72
KIS HERE T~ D S8 TIR 8 D, — T, J&
WG EDT2D, KINKAE < HERE S 2 fEik
Wk s uiifhr) (28 % 268M 235 %
(Figure 3). 9 H ®JA%, Figure 2 |Z/~7 7 1#
Y, W 16 km K0 AREEE O R ZIE—RR
(2 240° (LG DEFFIEID OAE) KA
TREVWHFANSRNTND Z &b, IO
TR BN AL E S 5 507 56 B AT D FEIK &
JEIZKRESEBEL TN EEIOLND.

AHFFETIL, HIRD O REER 30 km £ T
Z 25 RREDOmEIZXE) > Tl S 72k %
JFORA « BT — & % AWz, SEEIC
RN TR A 2SI TT AT D & v D D1
THiRRAEEIETH Y, FEEITITEERDR
A« BEIE AR WTH D, 207D, kA

5 HALE TS 108 km BEAL 7= )7 R EATIC
KR AR < HEFE 2 FIREMEITAR D TR

%72, TEPHRA2 TiE, Y= v MRS
T, ZTNLVIEBEOROZE b RERIZK
BT S, 2 TEPHRA2 238 720
JEFEZE L TRY, ZI06 KILRKL 723
—HROE THETHE T LR, FEEICK
UK T I T 2 B - EE O T THEHL
THZELICER LTS, kbbb, Y
bR O BUTRE AL OB E D D T L7k
DI BE G 2 D0, KEORITEER D
KENOHEF LRI mENGER L
ﬁ%:%%@%ﬁzékmfbé

METRAT B, BRIK BT SIZERE
SWELhoTz (Flgure 5). ZiuL, &E
20 km PL_E TR/ E W28, 20 km LA
I DR R E OB LA RERIC R L
W< Wb EBx b, L, ARITE
AR ENRE L 7D L0 ) 2 EIFmEHEN K
LY, AR T 52 L TR A
WA KILRDBIEN D FENRE 2 Hivd (Bl 21,
1991 4F Pinatubo M&:K). %9K, iz k> T
MK B b ED DL T ThH5H. TEPHRA2
TIEZ 9 W o e RIS DR O T %
g CcE TV RN ERERsn TRy, Bl
TEfRAT 2 — ROBENED LN TND EZ A
THDH (HEFE, 2013). MR EOREIC
DWTIE, A%, B CoME Y ORLEE 53 A
\ZHE S & HEET 5 (Carey and Sparks, 1986)
ZENHEETHD.

9. F&¥H
3BT O KIS I VTS, R
TR EITICE B Z KT LG D KILE i L
F& FE T I I ) vh O M KBS S T %
ﬁ%?kﬂJW%%FﬁTé%%ﬁ%é. %I T,
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ZIEXMRTHDHWMAAE, JUELI K ORI L
DWEKIZDNT, HBPEFEE O B TR Kl
(U alb—varEBTolfilR, FHRE
ATl b B0 & HEITIEFE —F TEA
(i E 2.03km3) THY, MBI 5K
TARINKEETZAFETO05em, HFRKTHD
9 HDOYHEDRET 2.2 ecm Tho7lz. F£7z,
R RS 0 AN L\ 2 & el ORF RS
M2 E 2 THEHE 6.2 km3 & ME KA K
L REL -T2 HE, AR THD 9 HDOWARE
ﬁ@@?ﬂ%:‘&é%?kmmgémGQ
cm Thotz. I HIT, B IR < AR
&ﬂ%%ﬁbtﬁn,ﬁﬁmﬁﬁéﬁTkm
JKEX1X45cem THoT-.

VY [ P A L R AT AN & 2 H D
BRSNS L TEBY, RO TR LR
TRINKY R 2 b— 3 URERIT, Bk,
T, KIIFEEITFIZ BV TR AR
79 ECHLERTHD. Atk WEE &
HIZHONWT, BT RT 20 T K LKE
S, RIS AFEMICHE TS L L big, W
EREEE BBV THRE SN LES
BAHOERICOWTT —ZEZILFEL, 74—
W RTF=HIEDEFE TR R 2 L—
2 EEELL TS ZENEETHS.

;

[E4EE]

A% Tl D12 H72 0, )RR
Hu = RIFSE T D AR — I 3 O HAREL i
B R A SO A T 1% 1|2 TEPHRA2(Z
OWNWTCZHORTEW. £, EIRKFHSEM
B 8dZ 3 X OB ) RAFFERT O =i KB

T T AKILRIZE L TR EZ W2 ZWn
7. WU EBES IR O AR % 7RI
TEPHRAZ fi##r 3 L ORUEIC#IH 172720
7o, ZTIZR LU TR EGWZ LET.

[ 3THk]

1)

2)

3)

4)

5)

6)

7)

8)

STHAT - HRRE - HE W - KBS
R+ PESCEA - 3 BOK - MEfETE - M
H 3k, 2014, FRAHOEHDH D
Fr71c MIS15 LA DR £ 288 5L, FiA: 5L
78, 23, 3-19.

Bonadonna, C., C. B. Connor, B. F.
Houghton, L. Connor, M. Byrne, A.
and T. K. Hincks, 2005,
Probabilistic

Laing,
modeling of tephra
dispersal: Hazard assessment of a

multiphase rhyolitic eruption at
Tarawera, New Zealand. Journal of
110, B03203,
doi:10.1029 / 2003JB002896.

EAE ], 2013, FBEFAILKY T2 b —
v g v a— K Tephra2 O & BURk— 4
MACsE COMM 2 IS, IR,
52, 173-187.

B AR - R[5 1R, 2002, VU R 7E D,
ENFRIRIC BT 5 IEE —T 7 7 Oxt
b EARALE: B AR, B DUALAESE, 41,
213-219.

FURRIR » SENRIEAT - fEx RIF - IR,
2007, DOBAEORE T KILKT — & ~— 2
TERK, HUEFHA e S, 58, 261 - 321.

JNOAEA - BAEZER « OFARIA— - LR Ak

Geophysical Research,

T, 2015, JUECKILIMUER. KL X
19, PEEBANRAHIIEATHIE AR S &
N A

HixA R - BAEKK - & HER - 30—
- 4RI, 2003, FfEXLICB T DisE
#9°9 T O TG HERY), KIL, 48,
195-214.

Newhall, C. G. and Self, S., 1982, The



9)

PUENZ BB 2 B9 B PAIRICBET 53R = L—v = USRI

volcanic explosivity index (VEI): An
estimate of explosive magnitude for
historical  volcanism. Journal of
Geophysical ~ Research, 87 (C2),
1231-1238.

KT, 2013, HATEKLRE (5 4
i), REHEHEE o H—.

10) K27, 2012, @EXEERER, X

REG TS —.

11) Suzuki, T., 1983, A theoretical model for

dispersion of tephra. In Shimozuru, D.
and Yokoyama, I. (Eds) Arc Volcanism:
Physics and Tectonics, 95-116.

12) RME1E - BEFFE, 2014, JLEKLOT
7 7@, HTIHIER, 36, 281-296.

13) Carey, S. N. and Sparks, R. J., 1986,
Quantitative models of the fallout and
dispersal of tephra from volcanic
eruption columns. Bulletin of

Volcanology, 48, 109-125.



	3.(様式2)表紙（辻）
	3.(様式3)本文（辻）事業管理課修正

