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SIDE BANK EROSION IN RIVERS

By Yuichiro FuiitA Yoshio MURAMOTO and Hirofumi MIYASAKA

Synopsis

Observations of side bank erosion in rivers are very important, as well as experimental and
theoretical investigations, to estimate the safety of river banks and the stability of river channels.
Bank erosion data in low water courses in Teshio River and Uji River are mentioned as examples.
Annual changes of the cross sectional shape at 43 km site in Uji River are analysed by using
discharge data at Yodo Water Gauging Station, 4 km downstream.

Bank erosion processes have a large spacial difference and some intermittency. In channels
where bank erosion continues, erosion becomes rapid when the mean shear stress comes up near
20 N/m? while erosion stops when it becomes less than 10 N/m*. The intermittency indicates
that banks containing silt and clay have also the erosion cycle as same as in experiments: scour of
the bank slope—collapse of the upper part—fluvial remove of the deposit part. Bank erosion is
accelerated by local bed scour near the bank slope.

An observation of bank erosion process in a low water course has been carried out since June,
1980 near 43 km site in Uji River. Outlines of the observation are shown and the results are
discussed mainly on the shift of bank edge line and its receding rate, being compared not only
with flood discharge and duration but also with hydraulic quantities, which are calculated from
water stage and discharge data of Yodo and Mukaijima Water Gauging Staion.

The receding rates correspond to the flood discharge and the total duration as a whole, but
the relation between them is not clear. The difference in the erosion rates seems not so large as
that in the discharge. One of this reason is that the shear stress does-not increase monotonousely
according to the discharge because of the channel conditions, such as backwater from the junction.
Actually, at the peak of the flood in August, 1982, the shear stress became smaller than 7 N/m? in
spite of the discharge of more than 1000 m®/sec, because of the decrease of the water surface slope
due to the backwater. The bank erosion rate was, therefore, found to correspond well to the
values and the duration of shear stress by the hydraulic analyses of the floods in 1980 and 1982.
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Fig. 1 Changes of the low water course in Teshio River.
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Fig. 2 Changes of cross sectional shapes of the low water course in Teshio River.
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LicZ bbb, 20LEOMELHREN « 12 c=17~19N/m? (BE#HEE Uy TR Usx=13~14cm/
sec) CHEE SN, HIEKDI968E TIRBIKADBINIEEINS L > TV B, LT, ZORHTE
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RNDKFFIEN 43km BEOEKEE, Fig.3 KRTL5SBHBLTH 3, NAOHERBREICGED
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Ujigawa Hydraulic
Laboratory
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Fig. 3 Plan of the vicinity of the 43.0 km site in Uji River and the location of the
bank observed.
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Fig. 4 Annual changes of the channel width at OP. 11 m (B,,) and the annually
maximum discharge (Qmax)-

OO YEAR o—0'76
3f Qeoy e Table 1 Hydraulic conditions under the critical
_ discharge of side bank erosion.
il
{m)
: Discharge (Q) 550 m?/sec
072 Water stage (H) OP. 1193 m
L (Yodo) ( 10.950 )
€70 (Mukaijima) ( 12.389 )
- '77!‘73;?: N Water surface slope (1,,) 2.385x10°*
om0 75 69 & -0} Cross sectional area (4) 392 m?
o ©r Wetted perimeter (S ) 94 m
Hydraulic radius (R) 4.17m
" Mean velocity (U) 1.40 m/sec
T o Shear stress (¢) 9.75 N/m*
1 L 1 i 1 1 —
>0 “’(X’Q@y P A Shear velocity (Us) 0.0987 m/sec B
Fig. 5 Relation among annually receding Velocity coefficient (U/Us) 14.2
length of the bank (4L)and annu- - -
Manning’s roughness (1) 0.0285

ally maximum discharge (Qu.,) and
annually maximum daily discharge

(Quay)-

OP. 1lm & 9m &icBAERE COEROEBOTAM JL TEDLL, Th LERKER Q. &
ERKOHR Oun, LOBEETEIEFig5 0L THE, —05~—1m DADBRARPHALOLTLLD
<, 0.5~1m AMEKER OKFHR1/10000 H»cORMOHELHBishd, O 3 KGR & 196940
BRPE (One~2000m*/sec) OEBEILEZRT &, WAL S CHR L HLEER L1038 S DITEOH
BB, o, Kl & IUERKARKED Qu,=500~700m*/sec OF - id AL=+1m OMIH
Y, 2D Quy OE/MEID 197840 537Tm’/sec TH Bo LIW-T, & OFBEORERAFBR T IBE
550m3/sec LHEE SN, COWBLT CRILEIIAECENEEbIS,
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T O I24EM TIRAKBBMER BELEAL TS (Fig. 6 2R), RAMRMHOKEHER%1980E2HD
43km HSOBWRRUZ O Lk 1 932kmic & 5 3 [l B Rt BT & Sl o i B © 198040
KEFERMBERNTHTE TS, T48bD, ChoOKME—FHRMED S 550m/sec i B MO kAL A [ i &
KOWTHEL, 43kmHiEoki H £Rkohid H=0P. 11.93m, KAAER Iy 3 Iy=239x10"* &%
%, COXRMEEOHKMHEE A4 13 4=392m? 4 S 13 S=9%40m, BE R 3 R=41Tm TH->7T, Iy
ERAOT ¢ 2R c=975N/m? H 303 Ux=987cm/sec £18%, ULDEEMD KER &EbHIC
—ET B L Table 1O EBH TH-T, FKEHGZULHEBON S, 43km ST KAR KIS
OP. 125m 8 TH 5D T (Fig. 6 BR), COKMIMEKFERELD & 50ecm R EL, FABOFETHR
BUHAMRE 650m3/sec LD b 100m?/sec VWFRICHIEL TIN5, i, CDEED =975N/m’
i, AERICE IR d=12.1 mm OBORRRMIICHYE T 548, 19714 3 HOBRE TITbh oK
MHRAE TR PHHRE du 3 d.=6.72mm, 80 KR dso S deo=11.5mm TH 30T (Fig. 10 BR), #
EOBOBBBERCLVIEDIFHAEEL NS, LbL, AEMBRRKRETR~ L5, ZROV
Wb e HEREEAEMEOIRTH-T, TO r DERBMENERMLUIKE S EHBREIN B,

RBRIC, TIEOE LD -7z 1976 FED 1500m3/sec T DWW TEAS EAIEKIR & & 718 UTRILZHEE T O
i, OP. 164m &75 > TIRABEKIEZ#H dm BB 5, O 4m ZRERZOE X MA TRD 2 RBHEH 1T
t=19N/m? L7320, FMOXKENTHESNREREEIR L BbhiREHOMIc—%T 3,

Utkdo, —IEOHRELT, WENEATIHRTS, BABKELTOIHAIE, t=20N/m* T
155 EBRABBILL, FRKEDL20 r=I0N/m? TEHIFEALELLELAREZENIT ENTEL S,

X=428 km X=430 km
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Fig. 6 Changes of cross sectional shapes at the 43.0 and 42.8 km sites.

DEIT, 43 km HAOEHHROZAIIEOL U TS0 428km Hd o b0 & B L TRE Fig. 6
DE3TH 5B, 43km HiE TREREDFKIE T HHEA 72 1974E D S MEDBIRREB LT3 DKt L,
42.8km A TI31976/E E CICRBEOMKETHRE LIS b O, ZhMEKBEFRTHSDIT
EROBRERIAEETOEN, COFKETIE, 43km {HEQ T HONE T 197TUED 5 19T64ED R IC
LEICETLZOBREZRONTNS, ETRIZ 4Bkm BATHESKREL, Fig.7 KARLLX ) KRERKS
Zoia DEALEIL 34mIiCd RATNS, HIL- HKDED - 1HEORBHECEMAEFLICEE D
AFEETOERREEDOLCATHTHY, i 43km HEATRLELP-CE0HEHMd, BEHORE
EAEETHBC EUNEPTID. L L, Fige7IC Zn, & & HIGRLA OP. 11m R 10m DIEKE
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Fig. 7 Annual changes of the lowest elevation of the bed (Z ni) and
channel widths at OP. 11 and 10 m (B, B;o) of the 43.0 km site.
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Fig. 8 Annual changes of the left side bank slope at the 43.0 km site.
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Fig.7 ® By, & By, OELEEETHLEZNOOMMBESIT EZROBEERY LABCHERHTHY,
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3, HIRBAEBRICENT, RRSHE - Bk LT FHE FEOMEIESE L, DOWTHRELDSHEESH
2L FHOMERAEER B EERLTVE BN G, FE, SR B R S & BB R BRATE &
f@M%%%%ME&%@#B%@°m?k%@ﬁRKELT%%MFQSQ;5T&of,M%fﬁﬂﬁ
EEBIMERIC 16m KRATOAY, NECHTARIZZOBICHEBREREL TV S, ch&y, #ELE
WORE L THA~OER, SV THR LD OMEEMNE FHOwEL SEREFAROMBBEY 4 7 1Y
DR LI EBbh 5, FKET LETHEOBEIC K 3 HEIROMIMITH > THEIENEBT AR LR
Boh, BHicE 2 KERD LFBHEY Ky sNRREDKRE A—DOBREBHEREIND,

btﬁof,ﬁmwﬁﬁé%#@ﬁm%%@f%B#méhk%%@ﬂ%ﬁ%&ﬁ%th(C&ﬁ+ﬁ
HRETH B &b b,

@ 43km HEOEKES 3, FIEAE 95m, SEKEET & BAKEN 5~6m, FEks 130~140m*/sec &
HoT, NBEEAOKEBIET I ICRABRBIGAZESXITHS, L L, B S BRI 1G IK B R R
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HEICH->TEETH AT E, MBERBEMICE 3~4m CAFTIHICELN O ALBBLEZHIC
gk, ok, THRIZNE&EOKMKERBEINFTEZGS 2 6.0km O HEH—RE IS EK B X ALE
U, BEOKIERBAFWETS » TUKBEEHZHEELPT VLB EOREDS, Milickd 3 MUERR
FBEORE DK LN EOMIEE L DBEEICT DI >ED & S BHREBD 1,

3. FARIHEKBIC KT ZRARREOEHA

3.1 B|UOBE
(a) WHEORH

F i Fig. 1R Lck 51, 19804E 6 Hic 43km Wi ® Lk 30~100m O KOG KB EROED S
BmEEh-EAkE L 1I0m BRETSAOMAERE L TESEZR T, CORMZALH 100m OFEE,
Photo. 1 Dk S ic, FARMICB KR EOESNM3Im LU Lddh > TIEFNERYL-THY) 433km¥iE &L D
LIASIKRADBHMLVESL SN D, TOME—#HOFFIRIE 19824 2 H OHBIH R KD ST/ z s L
THRTE Fig. 9 DL S5ty , 43.4km R 42.8km i TRKKB pRICALE T 2 RAKEE SN, BUK

¥

Photo. 1 A view of the left side bank at the observation reach, looking upstream
(Dec. 27, 1982).

— 706 " Zoom  (Feb.1982)
Fig. 9 Bed topography in the vicinity of the observation reach.
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BETREBECENRIGERE, POKEEZHLTOS, CORERITHE > TERETBBRIND LBHEEE,
ZOMBREKBLABOOOL D SHAEKRELRY, ABSHMMLTHZ0T, MRICH L THIE Y HEOK
EBHERINhBE b0 EBbhB,

(b BHONE

ChETICIT > 2BHI Table 2 i —E L7 LB O THAD, ThThORBEMBICHNAT S,

HIMBER, LROERORELENDPOMEHE COEROMEEITIICLEE 1. E2AER, 43
km HROEBR LIOCHAEREREL, EROMEHLETS &bk, MROFHEBRRI L <vE
R UTHBOREHRENRL, 351, FAKED SHMEORKAYELEE TORMNE I AT
MRERR U, %30 HEBREHE (b EEEYN) LRETTICK > CERTEOHBAEZ RS 120
BAEPSESHAEZTROTh AR FEEROFHRRET - bDTH BN, >FLB~BLI T,
HEOMLETEHOMTH 1000m®/sec DIHKMH -7, T, FTEHRKEB7 v — b ICHERMER
LEHE) 2BMA0THT S AR ROAE LRSS L HRESERIBONE P70, U, FEEOHE
EMRED7 7 7 BEMELTN 3,

Table 2 Observations carried out since June, 1980 to December, 1982.

Observation
No. Date Items

Arrangement of the base line
1 June, 1980 M ement of di es from
the pins to the bank edges

Surveying of the pins location
2 March 6, 1981 and the bank edge lines
Sampling of bank materials

3 May 16, 1981 Flow measurement
4 Dec. 29,1981
Jan. 6, 1982
5 April 9, 1982 Plane table surveying of the
6 July 23, 1982 bank edge lines
7 Sept. 9, 1982
8 Dec. 27, 1982

And 12 times of photographings of the bank from the opposite flood plain

(©) BRHMO KRS

ZOBRANMCE T 3 HkOBRERRCABBEMAICE T 2Kk ABICENTOFIRT, £, 1980
E6 o 12HOMTIE, 6 ARIC 400~450m3/sec DHBEMEE, DT Adf, SHEAMSIH
O RT I ARRITOTH S 640~650m*/sec DY — 7 B AEHED3SEHDHADBH 2720 ChoD KD
i3 150~250m3/sec DFHBHH H, 10HLIKEIZ S0m’/sec o 170m*/sec DB TH -7, 19814E i
23%&, 1AD53A%TIR 110~230m*/sec DB THBEHEL TS, 4 5 LaOh s TRICHF
T 350~380m*/sec, 5 K5 6 Biawic 340m?/sec, 6 HX D S 7 AR FT DB ¢ D 4E 5 5 D 400~580
m?*/sec BH YIS ICI0H ERIT ] B 7213 490m’/sec DAND -7, ChoOHKDETIRKRIL 120
m®/sec BIEICHE B TH Y, 10HLIEIE 100m®/sec LUTOHBMKEALED T, 1982471, 8A L
AT 1976 FE LK D 1000m?/sec DitiZk (Photo. 2 BH) HHRE 3% T, FEMD &FAHD 110~230
m’/sec QFWHTHBBEMAL, HKE-27R3BHSIEL, SAHATE, 1AM, 28ITOBET?2
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Hice—- 7 HBARHLLES 130 T 600m’/sec BEDHAEEE, AXT CHEIZ 300~500m’/sec
DREHITH - 720 9 HILAB & 200 m?/sec FitkICHEB T2, THICKE - T 430m3/sec D KREH 2. U
L, Z D% BMERERIMET U, 107 dicid 100m®/sec, 111213 90m?/sec % it EBHE(L L Tiiz,
(d) FTEHE A
3% 2 [0 O BB T - o F B R O IALEZ, Table3 O X S5 iCBERKMAPRMGEDE 45 L% 6 W

Table 3 Bank materials and their sampling locations.

Sampling . Median : .
Salgz,p le Section Sampling location Svf,);c 11110 diameter Cla(s)?ltsigeitltlon
- | (Pin No.) s dso (mm)

1 Flood plain 2.65 0.075 Sandy loam
0.5 m down from

2 10p of the bank 2.61 0.110 Sandy loam
1.6 m down from .

3 . top of the bank 2.67 0.020 Silty loam

v

Deposit sand on a
4 crumb near the 2.65 0.180 Sand
water level

At the water level

5 (3.0 m down from 2.71 0.036 Silty loam
top of the bank)
6 Flood plain 2.58 0.098 Sandy loam
0.9 m down from .
7 . top of the bank 2.60 0.045 Silty loam
8 At the water level 2.73 0.012 Clay
0.5 m down from .
9 top of the bank 2.59 0.06 Silty loam
10K
80
7,
Fl%) 6 5
LN %0
40 / % :
20
e
Boor 00! ol
dimm}
100
80
60
(%) =
o o2
/4
20 A B e
0 1] - | AT B
000! 001 ol | 10 d(mm)

Fig. 10 Grain size accumulation curves of the bank materials.
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BHO, EhEThiFAREOMOBEKEL, FMREHELOEPS S0cm & 1~2m OAZED 2 SR VKB
DF 8L, BAMKEOMELR I/ E - TOEDBTH B, Thd O RAR O KB MK i Fig.
10 D5 TH 3. oML ELENFODO=ZAWERFRT L Fig. 1OXS5KIE-T, FLAEN
YNPEO—LHBVRDEY - ARSEING, COSFERERBROHERRTREZNZEIL Table 3 TR
LickBOTHB,

DERE, ThoORABOPREE diw LHRBAELOMBREREE Fig. 12 X5 TH-T, KEOH
HEHERER L TOLDERE, HRLSOFPRBORE B2EABAD Shd, COFEMTRKE
DOEBBBRERB LI bOLELZoNEM, ChIVFARTEOFBL VEEREE DO LHEEIN 3,

T8, FRMEORBIZAEIT > TS0, BBECTITERCAEIhER%E Fig. 10 TRIicAmMZ
T3,

SILT (%) 0
Fig. 11 Sand, silt and clay components of 1ol
the bank materials.

(m) 03 -
m
o

8 5 4
! Al 111 ! .
-
0% ool ot !

dso {mm) [ -7 —
Fig. 12 Median diameters of the bank w o J

materials and their sampling
heights. Fig. 13 Bank profiles above water level at the

pin sections.

3.2 BADKREZORE

(@) FROERELFARBROEL

% 2 B H OB TH - A RBEEEROHBERELETRTE Fig. 130X 5 TH 3, BERKELTHOME
LRoBETELHERBROATNEDT, VI3~ ABESEHBAT L THE LT Pin No. 1,2 RUT7
ONfE (I, 11 R VII [) OBMBRRAEETEL TR, ZOXIRBoALEBRTRH 52, &
EHEORRIMES T0m OXKMic bbb od, Y- fEroMEEEEELhIME (V) T
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Br OREBAERLTED, MEREEBEOBITRREN 10m BEQCEMMAy — L TRELRELT EHBbME,
RABICIRAI®IrHie By 28 LERCEIEAROBRBOMEHOMBLR U THSH, HikoOmRE%E
BE I SDFKE EORBEMFEHIR & OMICIMF O ISHIR & RH8720,

S, Fig. 14 BABEREOME (FEHR) OTFRMNEEMLAERLILLDOTH S, 198046 AOBRITIR
cHIDEDADUFETH 5D TEBROFEROBRIEREIZIR- TS, COHPLRAEOH LR
BTRY2EROBICE MO, TRELEELIBWARETS 2,3m OFOMBEORBLRRE OIS, FER
DOFBOBER, 198UERAE TREOFHRBREENICT S X DICET LU T2y, Z0#% TREICHES,
MU ->TEY, &< T No. 8, No. 4 DWHOEE THRIERD { IE55 0% L, No. 8FHEOFEBR
BERBAE W OB KR EDORHAENZDEEER 22T v TREE-TED, FABRTFHTELLTOH
k- THE EIc# DI L 2 SREINTOLBIREBTI O BELT, FMERBEEL T -7
DEEbN S, No. 8 HOBBUNORIE TR BEREEN > MERAVELTHELITHLT,
K OFEFFICE 10cm BEEORETHAME LT, COL S BRRETHMMHE UL 78 - D Ii319824F
SHHMADEELEZ OhADT, SBAXIIHAREING, WEREBELICESZ XS ICBABETEE
bhz, £, REDI AL S 1RADOEORMBROEIZEICMNBRAEOHRBTH 5,

June , 1980
Mar.6, 1981
Dec.29,1981 , Jan 6,982
Apr9,1982
=== July 23,1982

— Sep.9,1982
Dec.27,1982

Fig. 14 The shift of the bank edge line.

(b) RO HEAL

LD XS L FESOBBNEEZWRICT 2w, RERPOSAREE COERLOEAE Sm .y
FTREE Fig. 50L9TH 5, 1BERAETCRUEMREBENY, ZLOWET L OBRIBAHLN
2012198046 AN 51983 HE TRUISUET AN S I BT COMMTSH %, £OMOMMTHI LT
VWARBALADT, L OMBREIEBREARLTEY, MRBANMRNICAELEC EBbd B, Ff, TO
Eiho—AOBEIC L 2%BRIT, KEVBATIm EEE 1L5~2m OBEAHENLITH-T, ¢h
BEKEECAOND 7 5y 7 OREEOHRLTNE, COFMBREDPSI 7v 7 £ TOWE b EFAER ks
LUTHEAMD OEKEE TCOBEEL LD L, hy =3~4m TH-T, ERiCL > TREI W EHR"
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Fig. 15 The receding lengths of the bank edge.

DXL, BAREREHARE EOHBIOWTHRIHIT B, HAOBRTY T~k K, 198046 A
» 519814 3 B COMM E19814E 3 AH 5 12A £ TOMME TI, 550m/sec 2 2 5 K3, #ET3
B, E~x28%D, —HEETR1IE E~x3ALHPLL, ARBEOETRALAEL TS, LPL,
HEOHMTES LHEB LD LARRIBRBONHTAE{BAINTHY, Fig. U bSdbbr sk
I, BEBOZERZHKOZIEBEL THEY/NINENL D,

19824 T B> THRA 550m/sec ABA D3 8 Ak 1 [, E~IZATHS A, BREMWBKL
HRBAPHCE Y 2EH € — 7 HRIZ 1050m*/sec TH-7DT, BROL I KBANREDORLALTRA
HE LT, UL, ZOHKOENICBAME LT No.1 ® No.3 OlETRAHKCPHST
FRERBBBLTOEY, Fi, BEIHRUHKBIZBENE LS, No.7 OMETS 9 HUR, €5
QOATHO 430m/sec HABIZIRBRINTNT, KHARBICREBILE 5K & bRBRTRELR
B2 Ehbhb, S5, ZOMKROHRBRY 198046 Ah >BEIA T COFILY - /R
600~650m°/sec D3 HAKICEBHBR LTS L, BEOHBPPEMPPIVLLSIBETH- T,
R HABEIEOERRVESKBDRE,

UEDES, MEOBE - HBEHKBEOAICE > THETSCLREETH-> T, HAKENOMNE
ORABEICHTIEERCHANEAI ST 3 ABBORMNLHEBEZHSOIK LT DENH S, T
T, 198268 AiKick 1 2 FEABROBMINELERE L, 1980£9 AaOHAKLLELT, M
BOBARR EOHITITO>VTRIT 5,

() 19824 8 F ik

198248 8 BHIMITI, BRAI0F &L 9B Thitk » TRNKRIKKBROBRMNS D, FIENTSH Photo. 2
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IR Lin & S iR o k% 7208, Bl TR
Tkm ZHAZENEHREPOOBFKEEBMIE S Xy
WA LTk B PIKATO I, &R KE R HUKRL D
FHROEMICZEDOETFBBLTHL EEBSML, DX
KHEE S B & D1, AEoHKIcRT 5 KBEHAROEL
D THENTH 5.

FUBIC, 3kmibiicsd BKRMEBAEEED 28
HFOBRAM D SHELTEXAL W EBEDNRE, L
L, HEE, kfkadRoEHICHMEXS 50T
Pho.2 he ﬂod i Aust 1982 at TOMEBELS, LS btﬁkﬁiﬂﬂﬁfiiﬁ‘ﬁ‘—uﬁﬂ%@@

meomawmmrmJ(A@.L RO RESHIAED S IIDIT, WREBRZEREHERT
9: 30 am). EMLTH, KE—EBEROERITEEERTREDO K
I THbo 1z, MBBEMPICBLTS, KLy - 78
DOWBBNICENTHERI N K —HEERS, £0ThTh 7RU 85km LiticsH s WHEEEFE
REFTRCBBER r L 20 5O UMREKET 2L, U7 KUMETRK CGERTBH, €0O%
OHBEFMII A KikRE 200m/sec < & TE 2D THASKIIDI > TREMTELL, F,
IDE— 7 BOSHBHERAIBUES ADSHLoNTHLAKIKRERE LB LIS, BRHEETS
I3 TH-DTE— 2 HEEABOTENER T 43km MEOKBREHE L, T4 ¥ S5 7
BUOKMLOZE(I: Fig. 16 0L B0 TH-T, LHAREAHBHRGRLTH 5, THRETLOE
40~50m*/sec DIFE—EOHKERTHH0T, A BHEBOZMBRy B A RBEOEMIC—-B LTS
Y, 2105 3 BIOBICH I CHAHEBIOS - 72 Edtbing, COkd, HREHI Y- 7 HO LS
LTI e 57z, L L, KL, ZMEHAD OB EFICE > TH Y- Hic 2m DEHE
L, BLEOE -2 EKBAEEH 4m @ OP. 1644m &L T 5, Y EOBKATGEIE LT D
R E—-FBEOKELIE Iy O Fig. 16 fEO XSy, HKEEEAEFMBOEMLETR
LT, HWAFIHITI 1/3000icHim Licmihs, ©— 7 Bicidl/10000 20 F, & i gkaifio ke
13 1/20000 % THA LT B, Liehi=>T, MBIl RERKABRAEMRICHELEVWT LIZAESIE
Bansy, Lok, HERUKELEOMEE19824E2 AOBKKICL -, RRHOLEILEMDK
BEREEBHE L, 2L, EKEETEHROLIILHS 4m KRAESEFLTVBOT, &
CAFEKIR E AL, M LICEKSE EROWTBREEE LARRHEEA D ER LK EEE L TE
HEARYD, DVTEREMNICK > TKBRBEHE L, Thickhid, Ble—sEoTHEdE U &
U=11~12m/sec, B2 ©— 7Lz U=14~145m/sec QHiMICH Y, R R BH#ET R=81m, %
#T R=64m »SKMDETICHE-T R=45m £ THA LTV 5, RN ETFHEEEE Us TRT L,
Fig. 16 FTEO X S COKBEAR & B Bzt L, Hik e — 7 fikOEKE IR Usx=12cm/sec %
B2 AEKMEETRL, Y—/RICRBEKEEAD Us=6~Tcm/sec L1 ->Tib, ULIchi-T, AR
FEO LR IEAR fTbhzDid Us=12cm/sec OEFEL78 A 5 H~9 HEHUMC Us=10cm/sec
(r=10Pa) P LOERMHEHF SN 8 AXIcolLBbhs,

—F, BITEEO% L - 2 1980ED 3 HKDBE, Us>12cm/sec 1558 L3—HHT L, BAR
8 AR D Ux=11.5cm/sec TH Y, Us>10cm/sec ODAFFHE W 20BTH > T, 198248 ik LD b
FEICE N E BN BREAINIL R -TVE, UL, Z0XERE—7HBOEICHET S MmO T
INEBHDTH - T, FHTHSPICUFREBRBORE L R CHIET 2,

PEDE S, FHRMNOCOFABERBOMEREIC>VTRE, HAKBEORBIMATH S, HAKMMH
HOKFEAROENMBBEL YREHICIL - TNT, £hEFR#ERICL > THEI N REL ENRRE
OHEITRR & RBARIET B Ehbh o, £, HAROKEIROZELY 513, Fi%EOD Table 1 DK
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Water stage at 43.0km site

Bankfull stage of low water course
Discharge measured

Total discharge from Amagse Dam Reservoir
[ and Uji Power Station

S —

Discharge at Mukoujima Station

o )
H-Q Curve for the peak is used

04

03r
Lu(x10?)
02

ol

Use
(m/s)]_

0.10

005 | 1 { | | | I 1 | 1
| 2 3 4 5 6 7 8 9 10
Date in Aug., 1982
Fig. 16 The changes of the water stage, the discharge, the water surface slope and the mean
shear velocity during the *82 August flood.

HARZPP/NIHOEEN > TBLCBbhz, ThoDRIITK > THABICS 17 5 WiEFHKE
BOHBRIFMELI AL 5 THE0T, >¥ORKELLTRE, AEROMEAAIFEREL TODRIEES

(d) BMUFTEREORBAEICDNT

FRERAOLE U T 2 FESHTOMEHES IR Thorne! 1Lk » THHBEIN T 305, AZIR Im

BEOBAMNBLAETH S, FiE Bkm #EMED X 5 ICFEKMETHRAKED 6m YULdbH584
K RFEMLHRAERED THETH - T, L THEIRAEOBAMBICHELRERENE LT - DS
THB. TOHRETEEFig. 17T 0L 5 TH-T, AREHTEERE Us i3 Us=1.0~L1lm/sec, £C
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1.5
2 F maxmum //
Ur ° 000 {mmm s ’
(ms) | ° Un minimum /
) 1o .
& / ]
L SO / !
Discharge velocity / { }
osh 7
- Ve
e
7
o) L - - - - 4 o 1 1 1 J—
o] 0 20 30 4 50 €60 70 o5 19 15 20
right bank (m) lett bank Ur(mA)
Fig. 17 Surface flow velocities near the bank Fig. 18 Comparison of surface velocities measured
measured by floats at May 16, 1981. by floats (U;) and those by a radio current

meter from side bank (Uy).

DR pRITHENIT Us=1.6m/sec iT-> T35, HEHEZ (19814 S H16H4% 2 ~38) OKbire
HRkE, MBEEOCBAEI SAFEThIZZhZh OP.941m & 180m®/sec &715, SUE2 A OHMH
BRIC K BHKIER 190m® 52 Shic g 0.95m/sec (RPDsf) SHBT 2L, FR0OH
HPORELETMAED 8B EEZ T, KEORKEWPRD SERED KHADBERLTNE L Libh
%,

i, RRRT-> BB OHEME LB FHREL LB L TR Fig. 18 DLHITH-T, WTFhd
BREWEHOAEME Un OFDBEL, DORTHE Us OBMCHIZEALBLT O, BHEFET
RBHECH LADEL SHELTO B3O THERERLETSH S0, BlokatE RRETICHT HE
BORGEZERT S &, EL ORETEREULEA T RBHF#ETIGEWR—# SR 00 FsEEilE U
T RN, PRV I UAKERFABOMETH KL > THEL SHDREEERET S L &iT
BIEENDE LI TH S5,

4%, [REKSEMALLERERA - BEORKDZ SRIEP, RO ERERRINEDERICK » THHE
ZHBICUTODERD A I,

4. & L]

FAMTERLCOZURBABRICONT, ARXTE, BRUHRZOEH - AEOERER~, 21T
KB EFENOEKBICA SN UEREEEME LTREY, FHENOBEEZHRMRIEEZMA T, &
#ic, FHRIMEKBTT > TOAHAOEEL ChECREBOWEERIOVTRE LI, CTTHLHRIT
INEEREREIS2XFDLHITH 3,

(1) KEN, FHIMEKEEOBROBHKEDFELE S THWRESS - T, NRREOBHNER
REDTAEV, BRAIMDTVRABETE, HEMMETREINTO TS, WMEFHRRNH? 20N/m?
(B Tl 1dom/sec) IGES LRAMARCHELEY, FIT, £01/20 10N/m® (F 01cm/sec) 4
TRISZERBIBZEALBRAVETLNE S,

@ vrb, BEZEFALARTD, BHE—BHE—RROERNER EAROBEY 4 7 v98bh, O
TOICHBEORBREARMENS, 7, MEMMETRBEAKETHEE 3L, ZREARCHREORE
BEIhBE, 2OXS5ic, BHAPLEMORFNIKI - TRHINIHERABREILS, EROERTHSN
TOBRHRE—HTIHEHE L,

(3) FHIMMEKBTEIS Wi EROZEL & HKOBBPEE & ITkEET 525, Z£OxISHFIEH
BT, BRABIKAEOLNIZIBENCH > THABRBOZZERE RN, T, H4OMEORE
20Tk, RABBIKBY3BEOEEMNKE N,

— 16 —



BEH « A 28R Wick g 2 ERE 443

® 2hix, $—it, WKBLORESD, FEEEPHKEEICK -T, HUSHABBICHEL T
BIBEBWOBOLDTH T, &I, HKBROKEARDOEIICHET 5 LHEETH %,

(5) SEpx, 19824F 8 HHI/AKBETIZ, ZJIAWAL S DE LY LBKHEMICK - T, FiE) 43km fH5ED
KEHEIZ, ©— 75D 1/3000 7 5 1050m?/sec Difif & — 7 BT id 1/10000 ~1/20000 g LTH D,
2D L EORFES 6~TN/m? REKFD b D & REHEN RRORIS IL/KE LA 1/3000:E KB F
L7z 700m*/sec iR IcH b 15S.3N/m* TH - 72,

8) 19824E D7k & & HIT 19804 & 198UED HKICDWTH, KEHEELZR L TRENERD, Tho
ORMBRUHSEEREBUI N BARBEEERKT 3 LTHEOMNERBO TRUGD L -1,

(M 5B, MEEEROETRREIE, EHEEEHRERCEREAROREBEROEEGOMIC, HiE
OFNYPHEBTERIIE > THBEBDNBBEDH B EBBE SIS,

KIFNTRAHEBIEAEE L b, FdMUITREBHRL2OLDI, WIFhbEL P SRAEEE
BT BDOBEHDHLhTEebBETE, MERAEAESHIITERINIBZRIVERbhTET,
ZOWRRIEBHLEL D b, MEXBICHETIERNLEHEOPLLTUITbhTE, UL, BRT
bikclak S, BARICIROThOFABEPRY AEIORED SHKICLZWAFBRACI S SN
WhH-T, TOLHIBHEAOHROBITHEELETFUT I LREELFETH S, T, MEETICK-
THEREBINSEAICH B EKBEETI2MIITE, BKBORELMERA & TSI VLERKIIK
H-T, NEBEEHKOBRBELEELOMICEHSPICT S C LEIMELEROREER S ETLELL -
T %,

ZhoDOBREEABWT B0, FIITERLTH
HAURBROBNENETEARVBBELTLIT &M
FRHERTH D KRIXTRREN EFIBENOEKEDSH
ZW LG 1o, BUORKLBEHOFINTHELA TS
LBbhb, 724, Photo. 3 (332)IIKREEN 1.8km
HEDBKBERTH-T, BRINTHEZWHIREDR
ABHSND, TDXDEBHFTORBERLKCER %
$Y, BINT3CLRRE-TELOERBMANESL
3LBbh3, AR, £h505 500 2heikE
BHOHRLLT, REABRORMURBLEDTL ¢ coursz of Katsura River at 1.8km
DEHH 5, FRITRIFIENEKE BT 580 site, looking upstream (April 10,
BEOWMHEELEIELILLDTH S, BAELTHE 1982).
IEREERNE LERBM BRSO TH - T, BHIMNREMED
L FREROME, H B0 IIHMBLOBMAY « FEHOIE, S SKRIAERBOLERRE EEEREL T
WENOT, AIRBEOHNTEEL CUA-TRHETEC EHNTELD o,

5%, NRBABHOBREZOBNERET 2L L0, BUFRITSTZHE - BENFOTEELHY,
BRERBEORPELD TITE 20,

Photo. 3 Bank erosion in the low water

Bikic, FENCBT ZHR « KRB L MRS R RA TR BB RN THEED, Ry
LRAERBEROMEAM, BCCRTHERAEDNELERN TS - 2 EMHRER OS5 £ CEHB L
¥ ¥, BUCHEORRICHENES ¥ UL RFETRNKEEMO PRTHEE, FRERET
AR REHR) ROENEGRE GEALY KK) c#EBEEELET,
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