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THE DAMAGE CAUSED BY SALT AND THE TRANSPORT OF SEA-SALT
PARTICLES OVER LAND DURING THE TYPHOON 9119

By Masaaki Tanaka, Yoshiaki ToBa

Synopsis

The typhoon 9119, landed at the north-western part of Kyushu on Sept. 27, 1991, passed through
the coast of the Japan Sea and landed again at Hokkaido. The typhoon 9119 recorded the high wind
speed and the small amount of rainfall in a large area.

Electric supply facilities such as the power station, the transformer substation, the power line, the
power supply line were damaged and electric power failure occured in Yamaguchi, Hiroshima and
Okayama Prefecture which face the Seto Inland Sea. More than 100 samples of impacted sea salt,
observed by the Chugoku Electric Company, were analyzed.

The total amount of salt transported from the sea to the land by the typhoon 9119 was estimated
as about 0.4 mg/cm? in the coastal area of Hiroshima Prefecture. The effect of Kyushu and Shikoku
islands on the sea-salt concentration at the coast of these Prefectures were estimated. The concen-
traion would not reach the equilibrium value, unless the strong wind blew on the sea surface over more
than 100 km distance, or more than one hour.
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Table 1. Electric power failure caused by the latest tyhoon hited Japan since 1985

Tyhoon Electric No. of houses Occured Resumed Maximum failure
no. comparny  {unit:10,000) date date time

8506 Tokyo 54 June 30 July 2 14 hrs. and 30 mins.
Chubu 1 June 30 July 1 8 hrs. and 43 mins.
Kansai 1 June 30 July 1 15 hrs.

8513 Chugoku 3 Aug. 31 Aug. 31 4 hrs. and 43 mins.
Kyushu 141 Aug. 30 Sept. 3 83 hrs. and 49 mins.

8712 Hokkaido 12 Aug. 31 Sept. 1 13 hrs. and 10 mins.
Chugoku 19 Aug. 30 Aug. 31 18 hrs. and 47 mins.
Kyushu 93 Aug. 30 Aug. 1 34 hrs.
Okinawa 27 Aug. 29 Aug. 31 36 hrs. and 53 mins.

8911 Kyushu 75 July 27 July 29 30 hrs.

9019 Tohoku 2 Sept. 20 Sept. 20 4 hrs. and 46 mins.
Tokyo 8 Sept. 19 Sept. 20 4 hrs. and 01 mins.
Chubu 75 Sept. 19 Sept. 21 30 hrs. and 15 mins.
Hokuriku 4 Sept. 19 Sept. 20 6 hrs. and 07 mins.
Kansai 22 Sept. 19 Sept. 20 4 hrs.
Chugoku 5 Sept. 19 Sept. 20 13 hrs. and 57 mins.
Shikoku 3 Sept. 18 Sept. 20 21 hrs. and 28 mins.
Kyushu 23 Sept. 18 Sept. 20 59 hrs.
Okinawa 1 Sept. 17 Sept. 18 unknown

9119 Hokkaido 0.4 Sept. 28 Sept. 28 7 hrs. and 45 mins.
Tohoku 46.8 Sept. 27 Oct. 2 115 hrs. and 09 mins.
Tokyo 3.9 Sept. 28 Sept. 28 13 hrs. and 38 mins.
Chubu 1.0 Sept. 27 Sept. 28 15 hrs. and 42 mins.
Hokuriku 21.6 Sept. 27 Oct. 1 94 hrs. and 15 mins.
Kansai 19.6 Sept. 27 Sept. 28 24 hrs. and 48 mins.
Chugoku 155.2 Sept. 27 Oct. 4 157 hrs. and 42 mins.
Shikoku 11.7 Sept. 27 Sept. 30 77 hrs. and 07 mins.
Kyushu 210.2 Sept. 27 Oct. 1 113 hrs. and 55 mins.
Okinawa 3.9 Sept. 26 Sept. 27 34 hrs. and 55 mins.
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Fig. 1. Distributions of the damaged power staition and the transformer substation over the
Chuugoku district.
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Table 2. Number of the electric supply facilities damaged by salt. Parenthesis shows the

rate of damage. “in” means the area within 2 km from the sea. “out” the other
area.
Transformer Switch
High voltage Transformer o

Prefecture Insulator utout onplétllélty for DM power onpl(l)tllélty
Tottori in 0 (0.0) 0 (0.0 0 0.0 0 (0.0) 0 (0.0)
out 0 0.0) 0 (0.0 0 (0.0 0 (0.0 0 (0.0
Shimane in 0 (0.0 32 (0.2) 4 (0.0) 6 (27 1 (0D
out 0 (0.0 33 (0.0 12 (0.0) 23 (1.6) | B (1X1)]
Okayama in 4 (0.0) 168 (0.4) 39 (0.1) 60 (7.3) 4 (0.1

out 100 (0.0) 308 (0.1) 119 (0.1) 154 (3.8) 10 (0.0)

Hiroshima in 63 (0.0) 831 (1.4) 108 (0.3) 126 (12.0) 38 (0.5)
out 137 (0.0) 1025 (0.3) 82  (0.0) 63 (L.2) 32 (0.1
Yamaguchi in 6 (0.0 432 (0.5) 36 (0.1 64 (4.1) 50 (0.6)
out 5 (0.0) 64 (0.0) 33 (0.0) 44 (1.7) 11 (.1

Total in 73 (0.0) 1463 (0.7) 187 (0.2) 256 (6.5) 93 (0.4)

out 242 (0.0) 1430 (0.1) 236 (0.0) 284 (2.0) 54 (0.1)
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the arca where clectric power
failure occured largely.
E= the arca where utility poles and
towers were largely destoried

BEg the arca where clectric supply facililics

were largely damaged by sall.

Fig. 2. The large damaged area due to the typhoon 9119.
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Table 3. Electric power failure during the typhoon 9119 over Chugoku district.

Damaged No. of accident Maximum failure Resumed time
Prefecture facilitlges ines lines time
Tottori Pwer lines 3mins.  22:49 Sept. 27
Supply lines 107 (63%) 88 hrs. and 33 mins.  14:26 Oct. 1
Shimane Power L., Trans. Sub. 7 hrs. and 17 mins. 5:48 Sept. 28
Supply 1. 215 (88%) 97 hrs. and 06 mins.  8:26 Oct. 2
Okinawa Power L., Trans. Sub. 14 hrs. and 17 mins.  20:11 Sept. 29
Supply Li. 311 (41%) 68 hrs. and 20 mins.  13: 5 Oct. 1
Hiroshima  Power L., Trans. Sub. 12 hrs. and 12mins. 17:25 Sept.29
Supply L. 803 (72%) 141 hrs. 16:50 Oct.3
Yamaguchi  Power L., Trans. Sub. 95 hrs. 16:45 Oct. 1
Supply 1i. 489 (89%) 154 hrs. 3:30 Oct. 4
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Fig. 3. Relations between the observed amount of impacted salt throughout the typhoon 9119 and

the distance from the coast.

Each mark indicates the amount impacted by pilot inslator (O),

window glass (&), high voltage pin inslator (+ ), total amount measured at the power

stations (@).
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Table 4. The observed averaged amount (upper, mg/cm?) of the impacted salt from Fig. 3
and its ratio to the coast one (lower).

Distance from the coast {(km)

Prefecture 0 5 10 15 20 25
Yamaguchi 0.23 0.13 0.08 0.045 0.025
1 0.57 0.35 0.20 0.11
Hiroshima 0.35 0.20 0.1 0.065 0.035 0.020
1 0.57 0.31 0.19 0.10 0.06
Okayama 0.13 0.050 0.035 0.025 0.020 0.015
| 0.38 0.27 0.19 0.15 0.12
Tottori-Shimane 0,12 0.050 0.035 0.025 0.020 0.015
] 0.42 0.29 0.21 0.16 0.13
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Fig. 5. Time variations of wind direction (numeral (0) shows north, (4) east, (8) south, (12) west),

wind speed (m/s), number of electric accidents every 10 minutes (no./10 min).) and the
rates of the impacted salt {mg/cm?-30 min.). Each mark indicates at Yamaguchi (O),
Hiroshima (&), Okayama (+), Shimane (X ) and Tottori (). The bottom shows the rates
of the impacted salt measured at the new Onoda ( X ), Kudamatsu (3% ), Yanai (1),
Mizushima (X ) power station near the coast.
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HTERICETES oI EAHBELTVWASRD Lk, 2HOXERER CH~LLE - BlLO 3
BAEAEBICEG L 26T, 8HNHICRELLDOD o7zl L3O TS,

Fig5 OB TRIZR LG54 EZE (mg/cm? 30 min) 3305 EBIZBFIHE L ESELRLZLOT,
B & i TR ORI ST 5,

L7288 T, WODREANZIZE L W168E305 2 5 1985305 O #R, M (O) , F/AEE (), Th
(%) DNBFROLELE, FHEOBREOETE*RLTVEERALIENTEL, —F, BETOBENT
BEGE L TREBOHEERICL s TAERER, BREENICL > THWESR TR LDIET, EEIREE
T, BEALBEORMCL > TikE D, LA L, BEDEL I, BREGZEBIICER OB LV EES T
BEIEEICELILETE R, HLBFNEER, 208, FOERTOREZITTEL, FORKEH
ENEOEMELFRELTCE2-0EEIHMES 25,

ZIT, [AWAB- TELBERERANDL -0, BHICI - THESIN - EEREOSH*FH L TES
FrIZBE T 2 =R FORKT b bR %R 2210,

9, WRETLEHPOBFESTIODHONELHRD S, I, 1800 1Z05 & L Biic 3%
THEFMHTFIL, TTZ2D105EEID17TH505 O & % 188005 BRI HKD B, ZTDE W, BENTF
OBEHIE, EERMICH LT 30° OFETHMIM» - TREAEG RS L, F7-, BEHEEIIEER
HO2/3MEETH, TNEEVELT, 2EMAMOZRMNTOME (HRY) 2#ET 5,

RIZ, COBREREEUAL LT, BIAESICLVIOTBROMEZRD, ThERH)ELTVWE, 21HH
BONEZRDD, CONBLNBETLEEOELROTHBEOMEZBEL, FMIZL T2 BM%
DNEBEE KDL, TNAMBETEEHLS L 0km DPICIET 2 ETHRIIEL TV,

e LR, WO, B8, MIU3ETOREREDS »HThsb, 1680055 5188305 Tiok
W, ZO2RMBICHRE LABHICHELAZRRTOREZEE Y RDHT, Fig.6 25T, o™iz
BT, BBRIIVGFEBEICHRLTSH Y, S5I1Z168:0005 5 1 BH305#ICFLET BB EML 7,
B, EEREYEIETALICS T, FEEMILVEONI-RESH RV, LY L1945 LIRS
SUES A OFTRER SR KW AR EIMR LT 200km 282 5, ZHIZHFHENRET, BT
—FHFRIAR>TWAI L CRBET LD TH D, 2T, BAHERIEEEREIZ198305 O E MR
ENBERELTEERT o7 £/, BHRELIEL hoTwAD, IThbI0E05DEAMFEINL &
RsE L7z

COLILTEHE LAEZRNTORER & BEOHEENTRE L OBOBRICOWVWT, HIROBA»S
BENRETHERDLH 2B,

DR — Fig. 6(b) OATICHEET 2MBROL I, BROBFELEDIZHELLE~, SHIIH~LE
L7z EALHEBRIZBHKETWREL TEZAHRAIBELLFAET, HIIAMEE-TELFAETD
b, FEIAMNEFOBELEERELCELANTH S, BLFRELTELAFMIBE L L X I3iEEN
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FOREIE L B >TWT, UMHOELE I REUEIUGE L TELRIROBERICIE, U5, BEMKL
LhoTWd, IS, Wi s H/NFHIZBWTITER0S 2 5 1985007 DM ICKBE L b 726 L7z,
)LEBR—LEBEBUICBWTIE, Fig.6(c) RU) ORBHE,SLHMT 2L, 191 021OBIC, &
BAREIPLRFHELET, 2EBEUELEBEZRELTELREITEL TV D, EHTERUEEIIES
RTWR WA, BREROY -7 LERF—KL TV b,

ELE—KE & FIUT, BB, - -EBEHEOBREILIZIZETHY, THIINEL | BRERE, -
THMT L, EEREL DTPIOPBKRELCELRM TH D, Lizdto TRERFRERE» > - e RS
hb, b LAKEUBEOEENELRE L TELARBORKOFISRETH 7259,
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Fig. 6. Air mass trajectories every 30 minutes passing at (a)
Shimonoseki, 33° 57N, 130°56’E, (b) Hofu, 34°01'N,
131°34°E, (c) Hiroshima, 34°24'N, 132°28'E, (d)
Fukuyama, 34°27’N, 133°15°E, (e) Mizushima, 34°30°N,
133°44’E. The mark (X) shows a position at 10 minutes
interval. Nmbers indicate starting (upper) and arriving
(lower) times.

SETOEZFTHATEY, BRTEILVEEL LT, Fig.5 IR LAKB D20 UKD
0.1mg/cm? 30 min 2B HESHEEL D2, BRBEOBRMNERIL, RF—LT7Y OO ERLEYEK
DEIEHFTERVA, 0.45mg/cm? YL ThHbH, ShEREILEDOEMIFEYRT Fig. 3(c) i270 5 |
(@EN) $5L, IHMTRBECEHVEL LTRWKED {0y MEF(OH), RREURILOSEY v B
F(HE) LEWEILZ 5> T0h, 2T, TOBEZFRDIICEZ B LT 5, BERT (AR 04
BEEE LT, BEATRICL - TERSK, EZBIGEINAEY — XD b DDIINC, HETESYE KD
EEROERIZL > TERSNBBRY —ADLODH Y, BERFEZGLEINT, Lt - TKEHFROEE
HHREDSV, KEMFEDF -2, ThICHETALEEEINS, KEBOBR, GRICEAEEDS
M, &, @2 EMERALTVwA0THS ), BEDLDIL, ZOBOKEDENIL 316cm (28 H 08
49%) , ML OREKEE 982.6hPa (27 H208524)) , BABEE 105 HFEY) EHEE O
19.5m/s (27 H22852053) C, BANEENBL R o2 D2 T ETH o720

5. BHADRWEHBEANDLENY —BEEVEDOHH» ABRDHE—

RREFBE AU, L I5km ICHEFETFE, LEREBCRLZ6EOEILL L, FEABIC
uﬁ&Z%ZmOkEm&2%2m@$M®ZODMﬁ&6 HHEOMD S 2o ABEABE AN, BiEE
BRI, $2RRBAICIITZUEICITER L, BRI9FICE ) 6 DNBLBOA» AR
2k, BR u%%xmﬁi%ﬁwtoL@Lﬁpﬂﬁkﬁut¢@ﬂﬁ_,f%¢L 2 HicaiAT &

) hERERB L OBEOHR I L5 120
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REARE, ARHOBBICERE SN EEEHC I NUE, I6BEPSHROEEN TR, 1THERRE, F
A dm/s, 198 BB HE 12m/s, 208 15m/s, 218304 & KB EH A 20.8m/s, B BB 3
36.9m/s, 2185 MTE 2lm/s, 2B T 4m/s Tholo PEABRAROBRAEEHER HELE
110km X 9 10km BAIZH o720 ZOR, 1ZEAEBICER 2o,

HiE L B SECHE Y ELRRORPEERD Fig. T IZFELY. BT TOREZ ) oRINEORE
WOEETEMRERT  AVDS, 19830525218 X0 OBTERITEZKE, FFEE05LLLEK
EFLTELRRT, ChPSBOESEHFEALL Lz, BE, FENDEODEE L ADPABROKE
i, K&HFoLMER, DBAIBRICLVEZERALL S BRI O, 2)ERROY - - EUER
W, NCEL LI TOFM, Tholzo WEOHWEGERMEICENTEFOBREDRE IS VA, ik
300m BN LT T, HOEMICRATYD, GEBK1IFERZBLA1993E3 A, KEINNTER (ki
BORBARPR L7z,

Fig.7T O E~OFRHHEE S S5, AR5 RFREFHEL B IS AR EEND - -2 L2 FE
ENBY, BE, BFERCIVELAESWOBERERFHIBLE, HEBXOAPARICEREBEENS 722
EBFHBESIRTHD BHB, FTHME).
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Fig. 7. Same as Fig. 6 but at Nakajima,

6. & £

3,4, 5 HiTRNABHUEE, DBLTIRI0Om OEET THORLMFEEELBROEBMENTFIEEL
TWaBIE, DEATHEENTFRENSE L A-DICIERBEOHELY HARED FoEE (F3H) W+
BIENPVETHLIE, JDEEPOARICIIVA LEPVARIHERFRLLTHDEI L, 20T
EELOWERNTHRAER,OEET LY,

WBERTRRAEEOMEERICE - TEKEN, A, SEERCATETCIIEXESND, EEXLOH
FOHRELEGHFEOMEIZL B E, HBLRAOEBRE 6 3EE U OFHIC z 8, FEEFEIC 2@t L
D, SREBILEEEE D, HFOETHELX WEL, U, D, Wi —gLToL, EEREIIBILIEXR
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EORTFEMRRE 6 (= 0/6) &, wxTOUM ¢ (= J55). Wi ((=55), LErx0LI1,

N2
£ Ll g (e oo i) e
FhE D, 12750 o FTFHRE (x=0) 2B DHHE (2=0) DRETH S, @ ((=0) TORE
6, (8) &

6, =

o=

Ho (&

—1—(1+2$)e7fc(f)+7——@e'e

L0, &L 6y DRRIE Tables DL H il b,

SITCHBETOREEISEE 300m 123 THLMENIFD 1 DREIFZELTWHEL, W/D X300
=23, 85I D=10m¥/s & 3HE, W=0.08m/s &% h, BEES5X 10°gm DHEREHOE T EE
VARM T B, ERTTOMNM £ LM 12 E=W2X2/4Xx DX U=0.0064 X x/4 x 10 X 25, THEER
B 10km, I77i2RKEH50 6 47408012 £=0.064\2H24¥ 5, Table5 (IR L7z & & 60 DRIRAS L FHIK
BT E OB UDBRETH D, HEiERI405 F 72 13WGEIERE 60km X £=0.38 %D, 6 =10.80
THEBEBRTORMOFZERIPZ ) OERICETREZ LIRS,

Table 5. Relation between the dimentionless distance & and the dimen-
tionless sea-salt particle concentration 6,

§ 61 02 03 04 05 06 07 08 09 10
6, 0.537 0.675 0.756 0.810 0.849 0.878 0.901 0.918 0.932 0.943

BROLGFIC L o THBIGEI N CE B HERIBRELSDOEME ELICBITHI L% Fig.3 &
Table 4 TAH7:, HAOMNERYRETHERIL, BE, HBENTERE, B UBMRKERMTHE, AED
BRYENOESFEE M &, #ENT OYENORFEIHEMNEOWKE %38 ) 3T 28 TR B+
HEER, B u, HENTEREE 0, HitXt 2, BEHNTFEHERY m, T % SRSERE & g,

M= j;r Aumbdt

b, AFEREL, AROEM U, TREEICRL2S LT 5, Table6 121UM - LB - ALZEOEE
O L BRTONEREER LT
EHSORBETORTFHEOEILINITHETORE 6=0(& 0/ uid

9=%e;fc<xf§—%)e—2c_%< )e::fc(x/E-l-zf/&)

-+ (1 +,217r_) 2r((+2(1+7)c>eﬁfc { (1 + 27,) Vg + Zf/g ]

EERED, TTT boidifpR, WH (=0,2=0) TOERE, 7 i IAELEEHON FRHIEMEAOKES %2R

OHENTA=F—FHRETLAXU/IW, ThHb, HREAOMELTIX10? 2HVDE L y=3X%x10"?

X20/0.08=7, TLHbbBEICETTARL VHMRMKIINET LESBOANTHEL NI LIRS, B
M NAEERTREOARADOBEADOEIEIZ r£72 35 L ERME L N 2UERD SV,

Table 6 DHEWOMOLME M/ UT &, HiFRETOLEOEREOTIBEICHHTLRT, HLAKE
BLEVGERRICEDLL D TH D, SHOERERIZEBRKE, LEBERDYBREIC ULBOBRSE, &
MG, B LEVGEREMY KE LY, ThPESBARE LAERTH 5, OB L UAILIOHE T
2, LRI LT, Zheh, AMNBLUVNEOHEESHE LVGEIEBYE L, 20820 - F
WDHERIZHB T B R FIRE T ERAKED S DENABILBIZHNTEL 257,
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Table 6. The duration of high wind speed by the typhoon 9119 and averaged amount of the
impacted salt observed at the coast.

Duration Wind Speed uT Amount of sait M/UT
Prefecture T (hrs.) U (m/s) (km) M (mg/cm?) (X10-8)
Yamaguchi 16:30~19:30 25 270 0.23 8.5
Hiroshima 18:30~19:30 25
19:30~20:30 35 306 0.35 11.4
20:30~21:30 25
Okayama 21:00~24:00 20 216 0.13 6.0
7. & 43

%@@15&,$ﬁmﬁ2&%&mS®ﬁmuaétéﬁmﬁﬁ%&mﬁweméﬁ%ﬁﬁuwmﬁﬁ
CEBTE, HEASORICE VEBBOHET 0.3mg/ cm? BENES S, #REA O 5~10km #ER7
W@ﬂﬁfuOmemﬁﬁﬁwﬁﬁﬁﬂL%@tﬁ%?éo%mﬁﬁéﬁmﬁﬁau&nnWﬁﬁﬁkﬁ
RBAT A, BEMFICE > TAENERT - ABEFTRARES (TSI -2 THo T

ﬁmmw%ulofm%nﬁtaént%%ﬁEM%Wéntﬁ%E03mymﬁK%Tﬁ%iaxtf
04mymfﬁﬁtﬁ%énbo:nmﬁﬁmﬁﬁ%%ﬁ%wz%@ﬁféb,m%ﬂﬁﬁW@ﬂﬁibﬁ
BB kT IUE, RBOEMBRBERDIZIZL/SIL R TH -2,

ﬁ%%i@%&u,émﬁﬁﬁw%mﬁﬁm%ﬁﬁﬁéw,%mﬁééﬁﬁbn&,ﬁﬁﬁ#%wﬁﬁm
%ﬁ%&(ﬁ%,ﬁ%)u%&Téﬁ,ﬁé&%ﬁ%&u&&wo%mﬁ&&HnWM%ﬁﬁﬁgﬁb,ﬁ
HIRFME (0. 1mg/om?) ¥ BR 5 L BRMRIHEENRET 5o BAIZE T, 2OBOBHROIVIZE
SRR ESRE LEBILLAZ LD D S,

%&K,ém&,ﬁ%ﬁﬁ,%Kﬁ%ﬁ%ﬂ%%%mb,ﬁi&ﬁﬂ%%bt@ﬁ%ﬁ%ﬁ%ﬁm&%%
T L LI, BELIRME LTWhBni o LIRS 5, T/, ULV akEiEY LW ni- THLH
Ok FERRED L UEAEZRE SRR LT T RO R 22 W o ERT R #0E s, 1L
ARBTEICEF LTS,

19934 3 A, A2 ABEBRBEERE RV ZVRBIRE/ NI ATRE, &T5#RRME, Ji
RNV SEBLHRRE VRV hE  BK, REFERICLrOEHCLLTT,

AR D IE TR 3 FECHEHEMER, REXEREHE NIOIEAEI5IC L 5 BAREOHK
7, (REE KE ®) TLREINELDTHE, ARLZBS V2w kH EHE, TREROE
R Y Y A AR AT E 1) 6 Faeat: Tl -5 € AN T AAVA O 3
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