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ANALYSIS OF FLOODING PROCESSES IN KUSAKA AND
HAGE BASINS CAUSED BY 7617 TYPHOON, SEPTEMBER, 1976

By Akihiro Nacal, Mutsumi Kavova and Taro Oxa

Synopsis

The Kusaka and the Hage basins located in Shikoku District, west Japan, suffered
again severe disasters from flood caused by record heavy rainfall accompanied with 7617
typhoon, following to 7505 typhoon in August, 1975. The rain falled continuously during
the period of September 8~13 and the areal depths in both basins amounted to 1,019mm
and 881mm, respectively.

This paper discusses the flooding processes and factors relating to the disasters. The
flooding processes are analyzed to simulate hydrographs of water level observed at some
points in both basins by the method of trial and error of computation based on the
mathematical models of kinematic wave for non-inundated watersheds and dynamic wave
for inundated areas. Hydrographs of flooded water level are also estimated under some
hypothetical drainage facilities to suggest some means for preventing or mitigating such
the disasters from flood.
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10m B (5~8km) &% Twd, JIIRWOIE 300~600m DRWIHEHrEICEBe: LCHASH, £
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3. WAOHR

BRITED B E~DESFIC & » TEWIIFHTRE 9 A 8 B 7HEL b KD 1, ZORERDY - <
b Lcdt EfEVI0E & A 5 128 F 8 2300 T, 20mm/hr §jE OB ARFEAICER D -7z, 12H 10856
PLBTRE IR Y, BRRAMIEREILET S X 51Ch 130 8RR CICHBED DR
duLIC, EHERTR 1,800mm (b ET BRBMAEN & Aol CRNTHEBOFRAHIHRE & TH
ki, zheb Fig. 3 CHALIBBEDENE A T\ 5, HEATSSHE 100mm/hr BiEORIH
BTN LW b T & BB LAREO—E L %o Tk #, SEOETCHEFEOBHLEE
CRED LT, ¥ BRI S £ 0IE B At (Table 1), EREOETTS -4 L & 54EHD
KEOBERL 5T,

Table 1. Maximum intensities and total depths of rainfall caused by Ty. 7617.
The data in parentheses are the ones by Ty. 7505.

: . rainf: . i

Station Max(n?rg/h:;n all Max( niirl;xlx}srarx?fall Tozanl1 Ig;epth
Oogawauchi 47 ( 89) 99 (234) 1050 (541)
Tosa 45 (117) 97 (231) 941 (540)
Hewa 41 (%) 102 (195) 701 (501)
Ichinono 50 (100) 103 (207) 839 (579)
Yatsuji 45 ( 95) 84 (215) 768 (633)
Ino 38 (74 99 (185) 964 (457)
Sagawa 68 (108) 123 (282 1204 (645)
Naruyama 48 (93) 105 (235) 1110 (621)

4. kEOKRR

CRNOSEIOHKEX & S HTIODWURD B, EEMAFEHICET 2 AR, 1TH—-EEBKL 16.
52m(T.P. ®EfE, LTREE) 827k LRABH»LOEWCL » TORFIERALEZRKL, 135
VERE KL 17.56m #EHFLico COBDOY— 7 gk 7715m¥/sec LiEEENT» 3, Table 2 i
BEHBA L 2L N B ERTSOM LHILL TRT L S, SROFHEREKRML, E— 7B L L
VS, BRUKA & R L B X CERRRERE L ) K<, CRIBACSRIERMEL 2T LERL
T3, ENN TR SEREMREOLBEREC AP dd, BTFICEI HORERKRMEY Lk, CRIAE
WEKALE 2 55 3 BoEN, 120WEE 2 2BRP PR EDOTRETH -7,

TOHKC Y CERITh#ER, BREORE, WKSOETOWELECA, CRIIEHKANILTS
HFN - AN & CRALEREL B »Tco ZORERLEFHEIDME L3 L < Table 3 ic =7,

Table 2. Peaks of water level and discharge at Ino station, the River Niyodo.

Duration over the warning
Highest water level Peak discharge water level (16.52m)
3
(TP.m) (m?/sec) | Continuance(hr) |  Total (hr)
Ty. 7617 17.52 7,715 21 28
Ty. 7505 20.12 13, 500 17 17
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Table 3. Flood disasters caused by Ty. 7617. The values in parenthes are
the ones by Ty. 7505.

‘Number of
b Catchment area Flooded water submerged houses
rainage Highest| Maxi-
basin '(ll;otaz§ h;f;;;]ln- (Pklai;; (?{reza) Ygtelr mum Dura- Ot}\::r Utx;ger
m m m evel epth [tion

(km?) (m) (I]rjl) (hr) floor floor

4.8 20. 4 2.85 59 483 55
Kusaka 3.0 | 2.4 | 66| &% (21‘4ﬂ 331 &l & oo
10.4 7.66 1.73 62 176 569
Hage 6.3 | 528 | 155 | (435 o) (0| (35 @915 (1439)
: . . 1.7 14. 4 1. 19 32 402 240
Minaminotani 14.4 12.2 2.2 col as50 A5 (5) (642) (321)
- 0.4 12.299 1.55 7 3
Ui 6.0 1 53 | 07 | el 148 GO | @ @55 03
0.9 9.73 1.27 12 20
Okuda 72 | 56 L6 | ano) @) @6 06 (14)

BEKLE, EEEDSROFIVNHBRTS B Lk i, PHERCHT 3 LEAROEHE, LERMEHT
PEOKEIBBHCEL S, Fig. 1 CHRERASHRL TS 5, AEENNOBRKFRAFEL b &
WA R B T2, ThRERIITRAMLMEL, PkBFURFEZLEL Ladok T, htEfim
HHEEER 8~10m THEC LEHEANEMETEL 5,

5. HKLEBEORH

BT « BANTRRESOECHECTEED R RILERET o 48, COBORERIL - BRT S
OB ELRT 5, FTHALEEE ERMCHN T2 L0EHED 5, ML dHEOK
BEOHENC X » TKEHPRE I W ZOHEERIBoTEY, BFMETYTEH TR 5550 KEE
BEHIhTnE, BTNCEwTEEFRERIRRECTbh, TOHMRID BRETH 3,

T DERHCIN 2 TN B S b HE L e ANHE THKEL, AP KR UE b AF
L WA OTHERLE, X LICBRAT055 KEDRARICATF LI REBIHITHE, KL~k KEHR,
BokBeE X CRBPEIEAR L OB EEC, UTOX 5 KHKEERIT RS 5,

5.1 HBWR

HEFIROPNIC, Fig. 3 L 2Lh A THREBRHIHLA TS, CORPLIDbRP DL 5 CHE
i, FA—HERTHE)OEBBOLNIOT, ARFERTRLALLSCHET Ry 72HT/ 1M
BEANR2MEE L, RCCENTHREOFBRUAORMTEMREY, Fig. 4 0X 5KHFIL CHizTE
BHEBRL 2%, IBMILOSHERRCE > TE&7ry 7 REHEL KD, ZO—HHESEICE S
By, JROAEETECH T IRENATELEZRD, 2hitivk, TOX 5L THEL A KBTEER
DEBREE X F8 H 9M~130 I BOMOBTE R, SRT5058B0ME L3tk ¢ Table 4 KFlRT 3,

5.2 HHEMRT

LRTS0SEOEN CRBMTE~RMBLATEHREAALC, BRENIOAYER (=757 %
HELLH, —BICEOBEAHEMBRIEACLCRASZDT, HEOMEE2ZOEEAVICLRTEL
e

EME8AALI3AEC6 BEIChZ » THEEL TR 55, SKROMITIXKECEET 3128 UEROFER
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Fig.4. Cumurated rainfall curves.

Table 4. Areal mean depths of rainfall caused by Ty. 7617.
The values in parentheses are the ones by Ty. 7505.

Basin Max. 3hr rainfall Max. 6hr rainfall Total depth
101mm 184mm 1,019mm/131hr
Kusaka (218) (376) (676mm/35hr)
101 163 881mm/135hr
Hage (185) (357) (552mm,/36hr)

ERBLLTEDIC LTS, BFNOBE, %ifT 5k 519 H23R465 5 b 12H 8RS 3 I Tix
BRI ATED, COMOKEERZIBOLATVS, 2T CCOMEHSEE LT, MROKL~E
Bihig, NAEETHAL, BRkBNEAL & OEEN, RUBROHABIRERBONAKARLHVT, K
AKtEHEIC L YRR Fe 7S 72 AR L CRRABEL ML T 5, LOMOBEAFE#0LLTX
W tBbhok, FLTENUBELBAFRERZO L LTRSS T LI Lz, EMINCDWT Y T OMRHTEER]
A% 100% it & LT FRERELAD - ko RBARRTS055EDILMOKIE K MR 80mm, RNHE
240mm (100 % CORMMECHY) L TEH 70mm LHEEFIhTwEE, SROBERI0B T
WRZEERTICGECRBLCEL T bD L #EEE S,
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Fig.5. Model of the Kusaka basin. Fig.6. Model of the Hage basin.

5.3 BHEFL
MK % BHEAICTT 5 e D, RO 2+ R LATIRET L2 BRTILESEH 52, H
Tl BANTHIK & ISR E80% % 5D, MRIELAEKATSH 3, fhotFHHEL LTtk
WOHHWBEBILOX, ZOEBERHEDAE AV, MATWTHOE| D R T IR TE S
YO AF— AR EA EEETH D,
2T CT T TIRY/2. SHEORMRICH LB EEE, TRk, seEloAMEERLT, Fig. 55X
6 ICRTISARKEFAERATICLC L ko RRCEREZRERD S w y 7 DLMFIARM D B
{LELTRLCTH 3,
5.4 HKEERAORBEFL
(1) HH®
Wi « EREA V- LRSS A ST EIRLEEIR & A A SN L O R K It B B £ i kinematic
wave €7 A% FEHL, HiBo dynamic wave EFLDEREMEICTIC LT 5, BHTWERETAT
EERLLTRLD LT DL, EBRRIRRL A5,
RIE 2 h=kg?
ah
St ]
Wi A=KQr
4 | 8
7+a—%=4 ]
rek, h:KE ), q:BTEKRE (m¥/sec), r.: HHETHEE (m/sec), 4: FAKEE (m?,
Q : B (m¥sec), ¢:BeM (sec), x: [l (m), XbiIC k p RPEMRER T, Manning AIZEKIZT
Brante, p=0.6, k=WN/vT)* I:RQHEAE, N:S@HEE (sec/m'3), ¥ & K, P RFEHKE
BTHD,
EFEOHE TR, ThbOROFMHMBERALT, 0 Y KERY 275,
SEOLMEE N & LTH, ThEThhbhHEN OhDORIKCRI LGRS Fig. 5,6 D70
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DR L RARICHITL T, BIEEORENT 2 AEROEE BV,

Wi EA TSR - N=1.2(sec/m"3), KEEEHEK : N=2.0(sec/m!3),

ABEMIFRCRLEROTHELED 25, TORERLMBHERCH LD XD THHIRCL b
wio

FIEOHERK n i1, BTICREMEK n==0,035, ENMI|-TREBAYE, IWHFAEEEAL, ThT
#n=0.035 LT 0.05 & L,

(2) FHllE

KOHNBFTHMELFIC L » TEAXNIFERBICH L T, BKEDEBEHL%Y dynamic wave &
LTRSS LEED D, LD S AREROERARZ—BICKRRTERCE S,

1 0Q 2BQ 9H , 2Qq Q° 84  oH , nQIQ _
Aot ght Y7 =e

gAZ  gA® 9x  ax | APRVS
poH R _
ax

TZic g: ENMEE (m/sec?), B:KEE (m), H: K (m), R:FE (m),

FROKMEER leapfrog scheme T 5 C & 3Y,

VERS LT IRRRLELHSLHNL TDH 3 5, BRTS05EOMITY iz B T « HEANIFBRRICH
L, WBICRr ARt A5t L RF KRR B OKAL & —RICBLT 2 ¢ T L il AT L 2 HA L%,
SEREKCHZDETFARHCTENLLLTS, (T2 X5CETICRIHHRETCE:2EBECH S
BERTELY, EMNTRPLERESTI LR ARl ok,. TOT LR EREREMIEET L OFAME
LAIBICEDBAEZTT DL ABC LB TESE, TALLATIOHBA Fig. 2 BLIU Fig. 10~12 7
bbbrdksK, FNEEIEEDZSERICGER, TOTLEMATAIIBACERT 22X EOR R
, BAEUBKEL > TnE2®, EREFATHIRIETEL, L LEMITRRYBREFRIbX
DAV EL, POBBOERA THOZRCKESRTTVEAL R, Ll THEL I dFihsE8L T
WS ROHK TR, RE%81 CRBICLET 3 KOBHEBERTEL D ¥R S hi,

2T CEMIICONTH, e EKbABTECEBELTHS & LR BEET L 28T L
KL, WERB LSO Hl- 2D D kKD KER by b L L, { 20 j HAOHE Qi %
EeT5LBEBRRDESCEDbENS,

DT : Qij=a+C+B;j han/2g[h;—k;| +sgn {h;~hj}
SEL I - Qn‘j=a'cl'ij'\/Zéh:{/z'sgn{hi"hj} }
%L h=maxth, h} 1 for  hi=h;
hy=min{h;, #)’ EOHH ={—1 for  h<h
Ci MR (0.35), C'=1.54/3 G, By i, j MOBIIE (m),
kKl § OBEBERIKRRTH 5,
ddfll.' =,__t_; Q“ ........................ (5)
T H;: fykils ¢ oKz, r: FEMBE (m/sec), A, : kK § OEE (m?),

RIC (4) RAPFORE a KOWTHAT S, FABHCOWTE a=1 ¢ LTIKELARIEBOLND, T
B ~FrKbH O R ORHRIC DT AT, 4), (5) R Euler %, RungeKutta ik ERA43
BELAVTY RERZIE LA EEDL AV, L LIBR~IKibEOEMD 3 R B OLHBmICH L
Tk, BEARRECEY LT, TLCEFOIXRBLETHS, CALCONWTDTHETORE TR, F
EFRDOBHETHEMLERTEOR ) CROKHETAZHATL T+ TH 209 vnbhTsY, 20
BGHEDREETR TR DY, 2T CRIEH~IrAMOBRTER, a(<1) %% U < Euler % (3
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FEHE CXVEET 3, « DHEHERIEREEICKHT I ROBEHOLTHLLELLN, WEOH
£0.01% B3, B~ KBED Qy 2 3 RPT—HRERAL L TR AERELERFR RO Ad
wio EXBABEICOWTE a=1 &L, KO - BEEEREBEREELCLCT 5,

FBKcR FTRAECEAPHRTIOhTn3, 2T TR, BMZECEKMCORE - Kt EckX%2 A
Vw3, CORMOLIBEKEY T, E8F»0E - THRAGHESECOESEZZRER 4%, dx, M
g2 lerLT,

WHAY 7 4 ADBA ):hl—(A—;fzi%+'j—zé%+2gczAz)lQlQ

%mf@o%:zn;('[‘;}g{’,‘; s +£;§% + z’j;; i) 1e1e
FeZ LFRBGRE 1, 2 35EML - THEBO2 hEhoTEfE, G dBFI0oEEEDb T, fi: HAHEESE
B (0.27), fo=(1—p-Ac/4:)? : WIESIBRERE, 45 BIIE THOMKEE, C: HEHKHK 0.6), ¢
DR, EROBRE, BFIL - TR ESAOMEERN - KL HAL, ThbOfE & M8 L%
BEHELTT S,

5.5 BTINOHXTER

(1) BROFEEBHEES &R

LERITICET - T, BFIBXEZRCHEALTEEEN & & RZ L AV e LT, kinematic
wave EREA LA TN AN OREEE RO %, Fig. 7 @ THREGREIICED 3B { Fa s
57CH 5%, AFNOBRBEIENS 140ms/sec L A bh B LR L, $KROEFCREY—-7HER
320m3/sec B L HEX i, REERT0588DZNIEH 750mi/sec L EFINTEY, »ThIBRR
OERBED R HICLESEE RT3,

2) BROLCE#HNR

MR LAL 5B TS TR, AR750588 L AREQLEYET LT3 A, FEMHECE3RK
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Fig.7. Hydrograph of dicharge estimated on the assump-
tion of non.inundation of the River Kusaka, at
Ige Sluice.
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Fig.8. Hydrographs of inflow to the River Kusaka and
of water level at Hata Weir in the River Niyodo.
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Fig.9. Comparison between simulated and observed hyd-
rographs of flooded water level at Oohashi stasion.
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Hydrographs of flooded water level
at a point in the middle reaches
of the River Kusaka at present and
under hypothetical drainage tun-
nel.
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Fig.12. Hydrographs of flooded water level

at a point in the upper reaches of
the River Kusaka at present and
under hypothetical drainage tunnel.

BTNOREOBAER e LT, MEREMOMICEKIEN 24mY/sec (FHMERAME 2. 4mm/hr) O
BRBED BT TH2, BRISBKELZZERL LM CRAY 7SI REK MV AL 2R T B0
HRETFANCRE L2, CORYBREBRT T, BRAGBEEEPLTCSH 22 3.2km HE X
Y ARETRIC, BRO4EOHE L HOEERETO v A4 B K B2 HERTH 5, TORKENR
160m3/sec (AT RMREE 16mm/hr) THY, TORKBHIERTWE, BKEHNEBRRKD 2. 4mm/br
b 18mm/hr BE LKV SAT » FENB T LICARDB, T TEOHREABHICRE T L L L,
CTCRBHEPHKMFHERRERERALTH 525, BIIRPNKELCECTEEINE DL L, RER

HEAEFISMR E W 9 H2384655 X V1T 5,
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FTELERELE->TLES, IARARBNEEOD S 3.2km fHETEEIRS 20.45m T H BICHL,
HABOERICL D 18.27Tm & 2.2m BERSKEIEZTT 53T LERL T3, LT IKfEn il
PoDHMBCEATNTCOHER/PE LB, 8.2km MECRRERS 20.5Tm THBEELHL, +v/
FADERICED 19.80m FCETL, HHKAEIIK 80cm T42%,

b ICARICIEBRTS0SD &Y H 2 & EOFERKMAS FrI7F7HRLTHB, ThiICKD
b, BEOKEHICHABINERL TR L LTS, BHHENEE (BF 18.5~18.6m) 1m Ll EORK
BEABAEVE, SKROBEDFR CRRGRKIAEEUTLAY, BEROBKIBE LA LRI MV F
LNBBREEDDTRKENTLERLTRS,

5.6 FNNOHARERY

(1) BROWMBBHEES & HiHE

FANMKCENTY kinematic wave B AL T, LERLAVE LABGORBEL KD TH %o
Fig. 13 @/ESEMICE T 2B~ FRr 75 755, BEANORRHEED 350m%/sec BE b
NTEVLTLIAEBAWYE, BN 2OFNFLER LAVWEE IS8T hE, §E0E
— 7B 650m3/sec BELHTENS, CTCUNMROSMEREY N=1.8 tBET S L, MHE
~A ¥r 757k Fig. 13 B LA EALTHEH, 7 fiHERK 600m¥/sec & »bid, Ak
RT505880 ©— 7 i &1 990m3/sec(N=1.8 Ti 960m¥/sec) BE LHEEI TS,

(2) BROLEMN

RERAERT» XMk Fig. 6 OWBRTHINAEHH TS S8, MHdBck 5 cEMIcEEL
DENBEHEAL TS, CTTRESLKHFMETHET e EEL, —B1/25F0MPRECHLR
BITADFTI b InL TR 21T - o

BRE&WE LTERMTR, HEBRCX57ry 2 THLALOKEEX S L5C L2 RAE LN, £
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Fig. 13. Hydrograph of discharge estimated on the assump-
tion of non-inundation of the River Hage, at Ono

Sluice.

-
ae

— 12 —



K3 R - M 71678 BRI X 3 B THEMFIROKE L ZDEE 229

2 o] 12

12 [0 12 ] 1
iy

i Areal Average

o

[ Boundary Conditions '\W.L.(Ono Sluice)

Rainfall (mm/hr)
n
o

D
[e]

8

= = Quz* Quit Quz -
e Quit Az €
E [ETTo. QA Tg
SN S
® W.L. (Nisai) _
2 2
o o
E 2
a

o &=t

mo,{'

Sept. 10, 197

Fig. 14. Hydrographs of inflow to the River Hage and
hydrographs of water level at Ige Sluice and
Nisai station.

Jlicowntk, vy 7#HFHRBHEICIGTOERY =4 2L T, ZNEREKEE LTERLL
LTHYD B, Tiimstts Lk, JEHEFAETH CATH TR S 2 XBAKERICK 2 KEEFEHEDL
hCn3DT, ThiBvik, ¥ABREBETLVORNKE~OERME L TR 5.1 TROXELZOEESE
7o TNOLOSKMER—IELT Fig. 14 KREA T3,

SROMAKICEELNEFREFADRIEOLBERREC b,

Bl X 5 /NP LT 3. 2km © 3 A G GER) AR 2REB & h, SROEAROK
O HRREIBOLN TS, BET5058CH/ NFEFIMACAR T 2@ H—VERAK X 3 K EHFE L
NTwi, BHEOBEDS,IbELTCSRAECEEERLE—HLL, Thb 2Oo0MKYICHN
L5 3 ¥ CHRDLERITENZIETL THo ko ABHEOMAROLEICEL Tk, RABLENRSK
LREDDISRTHBE, THMlLM: LTRFES (CRIEOAME) AHEBEEB T,

Fig. 15 BRAEUCBL N ELBRMEL 2 HEL b O TH D, SKROHAICKL, BRNERIB138
9 10BFIC BB AL 7.66m FEEE L7, SHETIX13A 8~9RRC 7.66m & % D ERER L KHBL T
3, Fig. 16 i tEmimif~KENBHAT 28RO KM M Ve 7T 7HERRETTH, €— 7K
i 7.60m EEEXINTS, REPCEHEOERT505EDOHENKML SHRL TH 225, BEKLIZE
MG AT 8.74m, FAiEHIET 8.75m L A-THY, WFbSKROFE Im BEEL L-Tw3,

—F7750585 D/ NEFRRFTHE SPUKEZ BB IC X 5 &, BRAKALE 8 H18H 1 HFIC 8.80m TH oo, SHD
LB TRITEHEFACE3BHRERT - RBE TR, REKMLIZI8A 0~15 i 8.73m ¢ HEESTh, —
BE—7{HERETEC L HRTELY, PIKEA~L FrZ75700bERYBEBHT e 8CE: S, §
BEXEMNEYL Y b 0cm BERB L Aok, COFH R, RHKCH KA HEE L WE DKL RE—HFICE
T3 ¢ LAHBROEERDLEETFALCHIEREHECTH - 4", BRECHEECHESEDLL LRAEFET
v, BEANRURALOMEY 1/2 5 iR E ) KRBT 20CRABH 30T, HESMOFRAEY
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[ Present : Hasuike Station ]
= r —— Observed (Ty.7617) ,/ ~
~ 8f - Simulated( ~ ) /’“ 1
> + —— 7 (Ty.7505)
>
3 L Extension of Flood-Way
R S P T r 2
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Fig.15. Comparison between simulated and observed
hydrographs of flooded water level at Hasuike
station.
[ Urbon Area —— ]
T (Tosa City) .~ ~ 155, POCRILEENET L2 EOCRFATIRMDE
E s} [ ENTREDTRANALEEL TS,
. /7 N RBBEREEEMICONTE, AP EBICHRRNR
E - LT Te~ld Wb HoT, —i 2=0.065 FEFTTHERR 2=0.035 3l

7/ 4
7/ Present (Simulated)

Tk n=0.045 & L7z,
(3) BEkiEFEER RO TR

g6l . — Ty.7617

= [/ —-— Ty. 7505 BANNIC B\ TR NEHEFID M HBI OB K IER & > T
,/ Extension of Flood-Way | ‘AW, 22 TbABARED T, EFOHROBRET
| === Ty.76817 WHICERLTH B, TADLERBERR, Lib 31

4|[AUG- 17,1975 == Ty. 7508 FHICHK b AR FRT BHED 3 REWKT 5,
2 18 0 8 BRI, FEPT T O FRITE D £ E R £ TH
2 18 0 6 12 18 21kmERZIANDLTEH BERKA—EHELLT
Sept. 12,1976 13 n=0.035 & L, T iAFMHCREBORMELA S,
Fig.16. Hydrographs of flooded water %7K I v F A RBERFICAKZSIAKLL L D IEL 2556

level at a point of the urban
area of Tosa City at present
and under hypothetical flood-
way.
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