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QUlsec) & & IR Uiz b D28 Fig. 15 ThH 5o 1l

OIS D, ORISR L X ITIZMMH 1£u1
BoTHENBRBRBRMLIIY, OKES  Lyert[™ 6 T sorfoce e

BERTA B & o7 DN CHINE SR B TIRT T o g & 5

T5H0 PHTER—EORIETE, S5 WWn‘l:ll ti.%c;’
HBRMLET 5 LBUXOASH—EHEET + L. Prompt AN
LAY B, @7 OEREE Q KBIZLAT 2, DTN e
BOREMEMING, ObpE, comn M A
HixH I bhWp 3 sub-surface runoff 2k L, _;+r' Delayed Loyer EE 5 .';
& UTEBORRTE S M F AR RS E AT wmu‘1%‘1TJ$$Xr

VB EEbh B, . Flow .

(2) wHETFN

PEDX S IsBiEMER» 5, Fig 16 TRY
HEAIHRHEF VBRETE 5. T0b5, LEMERORICRT XD ICLBOMEP 518D, BFREE
2EDLTOTIhEROTRPOEELHMT 2 &, LRRBIBT300HEAR, fBEE~NORBICLS
HAARE, 7 IBEFOTHICHLW A BNBNDENHRBETH 5, £, FETHCEDONBRRRZO
MO I » TER LTV 2O TR TAREET 505, BT LCEBHR, FOGRE, B0
W, HFKRICHET 2. ZhoORNRSL Vv —AIICRED, PETHHICHMT 24, BHoHAIZTI L
TRE D DOHMERZT BB SH FT 2k E LTHEESH bhb, #B, £fofite7 vRORTEA S
hdrEEiss,

Fig. 16. Runoff model of ARA experimental basin.

DEI, EFNVEROS L, Gt KX, 1B

o

‘wr i : FRBLMREVROLN, T, HOEFN
b B H T ettt R EBO & 5 SRR SRR DBERS
wf it i, BHiE LI, COXSICLTRESNATT N
(IR EYEROTHE LA Fa 57 L%
$ BloZ N & & B UIRERY Fig. 17 IR
E”A“\A T 3o BICREE S NAARAT & Ot
SRR LY S L VX AN Y - HES
°'E\ Ll L ERBLTRNOHEA Fr s 5 7 2R

[l
Jut. 18,1871

Dofc T EAERT S E, BERRFE—EE
RLTHWEEVALD. 2O &I}, Fig. 16
TRUIRHEFVORSEEZRT SO TH 5,

Fig. 17. Comparison between observed and cal
culated hydrographs.

3.4 HokFAME

(1) WAFHOI-DOFKHETF NV

FEZ TORKRL S, HBRIAXRENFRBICH T 2HRBEFVERET S EBTES, LL, 3.3 7T
WAFEATIRICH T A B F VB AT AR ERTARRD IO OERTH S, T T, HENEE
IKRPRBO LT AMH B, BEERBLZHETILELNEL, BHENEZOIZIANET L EMTE
BRI EFNOBAZRST,

A BEFIO v 7703 Fig. I8OICRTEBDTH B, g I TROLPEEFVO/RERE
& e b0 Fig. 18 Th B, (@), b OHREHB L THE E, MAOHEHHOEE - RBBEORRIZL
BT B, KEFAOBENLIEZ V7 EF AV TREL A>TV, i, HRAOHRTRRLZ V727
WTRA-TORD, 22T, THODOKFEHFROBHOHRE VDY EES WM TL 22 v 7 2T VICH
MEaceick-T, BEHERICHTIHMEFVERRT 2L E L, B, EWALL2 Y7271
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Fig. 18. Corespondence of physical model
and tank model.

Fig. 19. Tank model available for unit
basin.

Fig. 19 [IORT LS K3 REFOSOTHY, RHPOEFNVERD S BATHATHEN SOOI EFIRICL »

TE IR Zhid, HEERINHHRICT S L, HEREOE(MBEFHETOLAkEVCE, BT
KRBOEOGRE T LHERBATIRECHL2 L, BEOERICL 5,

I Y AT I B E 70 2R - mREGN TS 325,

o
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41Y
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! 55 73
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Fig. 20. Nagara river basin at Mino.
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BELT, RECE > TEFVEREEE L.
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21 THY, PROBIFLEAMAERL TV S,

FEROFHEIC K » T, HRIVNERER, To
NIARBLE @k, KR AMNE 7
B, ARKRS RIIBRERR 0T
ETFNVEREBRE LI, £OERE—EER
L7zb D3 Table 1 Tk 3,

() WAkFamkokalt

LS5 HER icDTid Tablel dEF
EREFERTECEICE - T, BRER»SH
HREETFIMT 5 ENTEXZH, X5, &
BB AAoh0EREELT, CCitRkD
fe'FVEEDMMOM)IICERTE 215138
LiIRETH %0

XT, Tablel KBWNT, MK EICELS
BEIRBEFIVERIT L1, Lo, Ls, o, TL RU
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3000}

2000

— IMIML

Jul.9,1972

e

——  Observed
=== Calculated

KyLsuajup (|eutey

Discharge (m3/sec)

1000

Fig. 21.

Table 1. Values of model parameters developed.

Result calculated for developing model parameters.

. Average L [ O N R :
Drain- Numberly e of | £, | Lo | Zs [Za] [71)| 7o |[Fa]| [P0 |[R2) | R FlTL W
Name :xg:a ;:ib_ sub: T = ==

{homy Painsbsine () (mm) ) ) (=) (=) () (-3 e () () ) )
R hikugo l 533 37 14.4 40 75| 15 15 0.12 0.08 0.01 0.10] 0.15 0.05 0.01; 0 3.78
R. Basen ! 4.18
Minemhatajii, 864 40 166 30 60 13 15 0.12 0.08 0.01 0.10 0.15 0.05 0.01 1 ;%3S
R. Kizu
Toabionse 615 35 17.6 15 60| 13| 15 0.12 0.05 0.01 0.10 0.15 0.05 0.01 1 4.00
i Nagara 1076 62 17.4 30 75 5 15 0.12 0.04 0.01 0.10 0.15 0.05 0.01 1 4.17
R. Yuubari 685 4, 0%
Riyohorenehi (11125 40_‘ 17.1 15 40 5 15 0.12 0.04 0.01‘ 0.10/ 0.15 0.05 0.01 2 30y

w is propagation speed of flood wave, *assumption

© ThHdo o DERYKOEHEETH D, HARORM - KALAEDS 2 A EOHRTLE ShTHNE,

-/ hbE—7 FTOMELXAEREHOABKHETE S, EPREOEEDTNSOBCOLIKKL
TEDONEEEETH bo MOEFVERREMRRCETZ200THY, FROREMNEOREICEMR
LT3 EZLZ NS, 20T, BLAFREDNFTHO 1 ORBHERICE > T, ERMEOERNC &icsE

RO D B EEE KBRS Table 2 ThH5, BIL/IBERKEERE, ThehS0BLULE DS
BREALEEHESEEL TV 2,

Table 2. Distribution of surface geology.

| . .
Name of basin Quaternaryj Tertiary | Mesozoic f;lcaeo- Volc.amc ka. Granite W:Lll?;d Vol‘csaﬁnic
i Andesite Rhyolite
River Chikugo 0.02 0.06 — — 0.55 — — 0.33 0.04
River Basen 0.10 0.06 — 0.05 0.30 0.33 0.16 — —
River Kizu 0.04 0.13 — 0.02 ' 0.25 — 0.56 — —
River Nagara o.o1 @ — 0.08 0.50 ' 0.22 0.18 0.01 — —
River Yuubari 0.2 | 0.74 0.05 - - — - - -

LichinT, EFVERRIGBORBHE BHRTEEELLSNSDT, Tablel & Table2 AHEL
T, HEBORBHE KRBTV OREREDBEBERDERRLIcSDH Table3 THB, TubLD,
COERFBOEBELENE LIBAHBEFVEELND CENTE S, BB LOHAORMTROK &

12 —
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Table 3. Synthetic parameters of runoff model.

13

‘g}e(t)logical L Ls 3 La F1 ' Fs Fs | R Re R3 ‘ Ry 7L )

of basin (mmWQmm (mm) | (mm) | (br?) (he=) | (r=) | (hr=) | (1) | (hrt) | (=) | () |(m/sec)
Volcanic rock | 30-40 60-75 15| 15 0.1z 0.08 0.01 0.10 0.15 0.05 0.0l 3, 4.0
Granite 15 60 15 15 0.12] 0.05 0.01 0.10 0.15 0.05 0.01 1| 4.0
Palaeozoic 00755 1 0.121 0.04 0.01 0.10 0.15 0.05 0.01] 1! 4.0
Tertiary 15’ 40, 5 15 0.12 0.04 0.01‘ 0.10] 0.15| 0.05’ 0.0 1] 4.0

* Welded tuff

X3, Tablel n5binsd k5, 15~18 km? OREAT
HEETDIMHENDH S,

Table 3 QREASHEA BRET 3270, flfE~O &R
ZRBIH, ZO—DONKFNREFIKNTH 5, FIREHK
i3 189 km? ¢, 11OHNFHBICHEI LI, ZTOMFIR
Fig. 22 TH b, REMH I KEHEME THS DT,
Table 3 QIEHEDMOIEIC K » THIE EF v 2REK L
BRABEAASE LTHREANA Fa g5 7238 LT
N Fns 57 LB LcbOD Fig. 23 THb, HE
RRERBRA N5 7 EMBDXL—FLTEY,
Table 3 2EXBHHEZE & LBAKEBEFTVEELT
KW EERLTVS,

Fig. 22. Daido river basin.

ey o R e g e o % .
AN zop.g.g
o A BT H
E BEE]
Jul. 10,19
| |
;§200 T T
v-; = QObserved
E ——= Calculabed
.
£o
2
= 1 <4 | 0 T
R — / | | | 177
0 6 1 . 0 6 1’ 18 0 § 2 e 0 2 18 l 6 2 18
Time (br)
Fig. 23. Verification of runoff model.

4. THREIRBLETE & PHMEHE

Fig. 3 &7 Fig. 4 TR LIz XS, FANFRNICRBUKD O3 SR BEFICHELEL TS, T,
Fig.2 CRLIEXI I, BEDECAH, ENETKEEOHKSKET 5120 LRRRPLELLRTILSE
Vo ZDT &, HEAHXDBEBTHEONTNSE LTS, ZORBIASHEEINTOKENRET ST
DS BT EERLT NS, & T, EHNICREAEFHULTHERZTE AR IDUELTILSBESE
HEMNCIT S BEZRR 2 0ENH Y, BEYPNICRENRSETI3RTABNICEELT, RB&KkE LTH
MO ENBHEERF L TELRINRE LB, YT TR, BEORBICEE L. 2 flit >0 TR~ 5,
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4.1 EFREAEHCHITDERETEY
Fig. 24 3R/IIARTH S0, ZNloAREIN, 8,
NS —ETEUT RN &S > T KRBT EDNT D
b0 ZERDOXN®D I BERNNIEMIES Ry 8 sick
T, BDE— I RE~NDEENIELASBETEE L
S, BKBEESTHNEDT, ARAMNETOLREDRE
B AR &b SOKICE B, T1bb, AfA
AEDOLREDOERERABRNRURE)OfKkE— 7 KED
FEHRICK > TIMET 22 LB TE 5,
T, BHEICL > TRBINOIEER N OFER
M SEIC B 1 B ERABIKTE 01, Qu(mdfsec) ZIRHEEER
s,
7€ xr= {log(Q1—262)—3,100} /0.5355
FIHAT : x2= (log(Q2—113)—2,884} /0.4524
4.1)
&i5D, Fi, w1 & oxe EOMBRBII-0.11TH 2 (T
NICAWVIERRIE NSO TH 208 L HERTEKTEH
B EOBOTETRLI). Fig. 24. Map of Yodo river.

—fRiC, RRICERT 2 DORBEREERL LABREREZhEN v, 22 & T3 &, BEREEEN
flar, ) RIRATEHA 6N %,

R = *.2)
T, plda & x: ORMBRKTS S, (4.1) RO x1, 22 BPREHRCERTH 0T, 4.2) Rz
DFFHEATE S, 5L, EWNOBAKE, RNOL—2 Kl Qmdsec) BREFNDOE—2 HE 01, Q2 O
1RATREROINBZEVHSHABRA SN, TS,
Q=0.884Q1+1.035Q:+70 (4.3)

Q[ Xe
i FTT, B o, BENC 0 £ 2D, (4.2) RESH
— 7, EEE LS BATRDT & Fig. 25 L2278 (UT
S % HEB T30 BRARNT 01, 0 DISRELT
g *%§§ 57), CORDOEHOMKITETS 5o £12, (4.3)
oo RO K0 FERAGE o—6,950 msec & Lic

BAMRDOMBTHY, Q1=010=4,650 m¥sec, Q2=
Q20=2,850 m3¥sec D_DDEME L dIC, BEOBRFE
RTBDTHB, LichioT, HITRINTVE XL,

23X,

T B N e Ty TN 5 ORFTRY > 07 EHIC S 3 N BHERERDT

l [ B &, 2, REN, BNKRCERNBENZT L8

o GordoSomses R ERAG RS CF & 5 il AkpsdE T B R, Ak

Fig. 25. Evaluation of probabilities of M, A EHZN3.9%, 3. 2% TIRIZELLY, Al

flowing over embankment.

Q1B TN ED EVS RN 5N, F, T
BB LIS ODSAKE) AT 2RI 1+3.9=T%TH D, FDEAIZ0.8+3.2=4.0%T, AEJIDH»s
ERTH BT EDbh s,

ZOLDHIC, BEBXITTECHZINA T 30T, BEORBRERZNZNOARICOVTH S, ZOBELS
DHRDOBERERSEPREROIBMCL->TRUDTHETE 20 TH 5,
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4.2 FTFRAEOBKEEEDRI

R CEEF O KR KRO LRI E THEBILH D, 2nEhEEOL I RHREETHE - O XM
WHOMBEEZTHE S,

Strahler M order fHTA4TH &, [E U order iILBT 2 XIFHBIIHENI bEKEBNCDRIRELEE
2Tk, #2°T, Fig.26 @, ) ICRT LK, order i OFNNCIZFET S FHEMOMX I &, orderi @
F) & order » DAJIITHET 2 FHRAIOHKX LI DN THETT 2, M SHLM LI, FTHRAUOHK I i
RINCET B 120 KBOBBRBAE . COXINEE, RIROZNoOERICH LTENENEDL D 12H
REETHFLZE S OX O EVSHEETH %,

—fRi, —DDE Y AT LORTI, FNCELRT 2 EKBROEEMFOEBREBANOZN LD KE
WZERBEBICTRING, HkBE2SHMERT S LIZIZERILTE S 2 EBRBIICAONLTWS, 22T,
DHBEQ L A E THER LAERERBUKFR OB S A O CHIRER 4 & EBR 0o/ pe DBFRERDIHER
75 Fig. 27 TH D, [BER T LTE LROBEBRMBEIL LT 5, L 2IC, o5 ps RIERAL UER » OB
R#, FHETH L.
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Fig. 27. Coefficient of variance of occurence

Fig. 26. Patterns of occurrence of flood probability of floods.

damage.

AT, BEEFLEZHRNAEINT, b URBITNIE, bank-full discharge 2 & 2 5 Hkhid 5 & BREIK
WESET S, £TT, KEANOEHETIE, ZNZHOHAED bank-full discharge O UASE DD H
KEBREREETEOMND - EHFETHD, FMLELTHELIICEDbNS,

DT &iF, bank-full discharge % Qs, FEEKKEE Q0 L9 5L, TNTOATRIREMREZIT LT
H5o

Qa/Qp=Ca=const. (4.4)

—7, bank-full discharge B 2 FORKKEITIZTEEL VDS, FIHME pe WHNTZ, Licdi-

T, @O TR GIID TR TR (R OMToEF0EREBE LB RIZE 510,
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1 foim
)=y / Vi exp(—frdt, Xi=wilpn, (4.5)

1 Aol
F(xz):vﬁ/ 52 exp(—2)ydt, Xa=uxofuz, (4.6)

7, (4.4) XEEHRLT
}z¢=§%i~%mﬁi,cucm:me“n=%Jm, @7

BlZi3, Fig. 27 hDEIASR (BATHRTHIN TS 2 A) OB/ OVT, LRATOMKEED
FEREL0MEL T B L, Ca=577 13D, THICHIST 2 THMAN OB REROHRELLZFICTRET
BB ENIEERNI SNB, 7272 L, Fig. 26 bICTRT & 5 K TFHADHBK I order 7 OENNICHELTEH D,
Thiextd 2B REREIIDPIRY Ca=5.77 T BREREW0ELTELERNIETTHII,

PEiZ, b THICHSASOMEOHR 2 HERLEBATHD, EBITR, HENEEECRBNMMED
WRZ LRI, ¥ ZNOOERLMEL THRERARETREILBVIFTTHE,

5. ¢ 9 U

ACCHEBFIDTBIC & » TREBEF R € ¥ 2 —BHR I N/ 130 Z, KCFHFDEEL S NI DEBRRIC,
FHEDPITEROR, 7> TERMEDS b, FIICH T BBKRIEORE YR T &, KEERICHADHAT
Gk E N0 LS ABUKFHBE, RUKEGEHRE O & REEREIC DO TO—REI DN THR
B U7,

KFE B BRI, COIERME VS L, T LA EROBEEZ ST TEL
LEELTVWE, LnL, ANFEBEAKAE LTARE SOKME, RETSE L, RAHKCEELUICHES
REHO S DOHBEPEINT S, THhEOREICH L TRBEEOHARFICSO THERELTHENT, &
ATELUTEDIELORBERINICLZYLETE50TH 5,

BOIY T, KRR SN RS, ACCERINCE O TR LT SRR REDD)
%, Eio, KICHBMMOWEESICE  OHME LA%H, ARBEED - KB RHRFORE, BADH
CERILZBHOBEETIRETH %,
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DISASTER DUE TO FLOOD AND FLOOD FORECASTING

By Yasuo ISHIHARA

Synopsis

Recently, in order to prevent a disaster due to a flood, embankments, reservoirs for flood control,
divergent channels and so on have provided in a river basin. This paper, first of all, discribes a flow
diagram of occurrence of disasters in such a complicated river system, which is characterised by two
sub-systems of the runoff process of rainfalls and the flood control by reservoirs, and of the decision
process of destruction of protection works against floods. It is point ed out that this flow diagram is
very helpful to determine a design criterion of protection works and to set up a flood forecasting
and warning system.

Next, after discussing a runoff process of rainfall in a river basin, the synthetic method of flood
forecasting is proposed by the use of a combination of tank model and modified time-are-concentra-
tion diagram. Lastly, an example of evaluation of destruction probabilities of embankments in the
neighbourhood of confluence of two tributaries and a proposal of the relationship between design
floods for upstream area and downstream area in a river basin are presented in the light of the flow
diagram of occurrence of disasters.
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