AR EBRIZK HE

TARFATRCHE, Vol.79, No.17, 23-17088, 2023.

FNAEOT 5 XD

EHRBIEDEE

Py &Y - fEh HET2 .

VERB  RKADTIERE SRS

3

WEHEZ (T 112-8551 AH U XEFRH 1-13-27)

E-mail: y-takemura.77m@g.chuo-u.ac.jp (Corresponding Author)

27 s ma—

R RERF e B TR e (T 112-8551 B HER U XA H 1-13-27)

E-mail: sfuku@tamacc.chuo-u.ac.jp

e

[l = 223 A T ) ) | 55

FAEIE (T956-0032 HiEHiMIEX FFET14-28)

E-mail: watanabe-h84r1@mlit.go.jp

BRI & IR OF BAEH %2 B jE U 72 FEfoK B E Z IR STAITIZ EE D Wi 1T 7 ATER O FEATIE 2 REEE L,
PR & m IR A FIREFE A U 72 IR B S FICE 10 A BRI L 2 07 7 A OTBIEEE BETT 25 & & big,
T 2> B 15 BN HK B OR O T T AR E_— 22, ZOBOWEIRIC X B0 0T 7 ATEKIERZ2 FEHNIIC
FOXELR LT, DFTAEI0A SR T, Bk & RIROMEAAVER 230 OO mI-OmRAS), AT 2
ZTREHIDE « TERICRE S B L2 L, MANLORHEWEDIFE A EREDICL D Z &2l 60

IZLr=.

S5, AT T AR OMICHER L2/ 5 B, Sm~10mPliEICHER L= Hbid, &

FATEAE10 H ek % 0 A& Z= R Z 1% TG 43 28] 1 S0 8RSk S D — 7, 8m~10mEARICHERE L 7=

T OWEIITRIIMZET 5 Z L 2R L.

Key Words : river mouth terrace, estuary, Q3D-FEBS, wave-current interaction, Agano River

1. T

BIKRHZI AN 7 F > 3 2 (RN 2 5 KB
HL7e B, O LI 07 7 22T 5.
AT 7 A%, ZOEROBEIROVEINT X 0 #200NTHE
UK Hiafe <, {0 L OVERDHEFIC At d 5.
Z DX S 2] - g O HRPEIREN I3 AR ST
BT, T OER L SRRSO OR 22— R
E 25 ECHEEIZ /> QD T, BdEf#T 0%
R X VIO T Z 2O HIEA F TO—HDMEFEC
DNV TERENLRFIMTOIULI LD TWNDEM, Zibd
R ClIE, B ITPoKE DI 1T 7 AFAR OB TE DB
B, L, WOER OV ORERIMEE G 138 T,
AT VRPN 23R - BT 2 i Us & 0 K 28 b
WEU D%, WKEOW 0T 7 AR A SRR e
D LIRS TR

AR, ) CIMKIRHZ 2 5 CRUR S VT KA RO
TEH, IEHKEE SRR LT = RoefmiEOBIREIZ X
Y, TRZEERAT ORSEEATREER)IZ M L Tn DI 2
D XD e HAN IR L, Bok#goi 07 7 AfikE
EHEEICHEET D2 LICLD, WOT T ADER « &
W DWW T EFE DOEV REDHIRF CE 5.

BAPESEE) | o] I, ST BN LD, K=
WICHENTIE (GBVCIE) [Z AW AN 7 5 v S 2D
FRNTED SRR SN QDD HROMBIIEE SN TE
5T, FROT 7 AOTHIGERRITMGET S TR0,
T ZTARIETIE, EEOININE T L CTa /29
FroK FEYE = TS (Q3D-FEBS) Z bk it & I IR DA
HERAZZBEHRD LB T5. 2L T, KNG
(DX, BRI SFOCFEI0ABYKIZ L D 07 Z A
DGR ZMRFTT 5 & & BIZ, ZOHDIEIRIZE 2
17 7 ADVEIGEREZ S & OBHRMNHBLET 5.

2. HUKREBCRODEEMERZEERE LA OED
N &AL DRENTE

(1) K - FnE7FSTOWD-FEBSHEREAFEX
R-112~9 K 912, Q3D-FEBSY LIl R iz, 7> 58z,
(Ecph, ¢y =003)720F BT I IZ, #EFE L, JERMND
Kifil £ CoFEME S E RN ERQTHAD. i
(2 & 0 KRSy OFEEN RIS KON, ki &R EooiE
R A R Z LIk, BRSO =i &Ik
FKEZ G D TR 2 FIETH 5.



Surface Roller

z _ FKE

c+U
N iy

X ROETAR

A: Surface Roller® K &

LiEDRE

X1
u; = (ug — Up) - (1203 = 12n* 4+ 1)

+(ug; — up;) - (—4n* + 3n%) + U; (D

0z i} n 0z oh
=—4_—1|n d == —py— 2
Y=o +6xi< foul ") T (axi "axi) @

(Zs - Z)

s 27 3
n A (3)

2T, L= L2 (x,y W), g i FAOFEE, Ui
DIKGEFIIFOE, gt i T AID/KIAFR, wy;: i 710 DJE
e, w:ShEFMIOWHHE, h: KE, zg: KN THS.
W ENAAER O CIE, WIS LB L ESDE
HIZSE RISy 2y IMIRIR B G CIGE L, B Rl
DT 5 Z LIk, IRIC X D iEEiES T
R(TVm—a VI BEEINDY. REkOFIRIC
Lo, W NS TOQ3D-FEBS D I 5 Fe it &
W ELTFOL D725, 728, JEMEL 7 b0 D)
HIE 2 R0 S B L0528, o288t a<
WORM T LIZb D ThS.
oh  OhU;

or - 4
ot + 6xl- ( )
Ry yp QY gy 0% 0 P50z, Ohpy
ot 0x; Ox; pdx; p Ox; pox;
dug dug 9z, 1 dp'| 0z, opy,
9t Usj axj - dx; phdn Saxi pox;
Oy, T, Ves O (©)
0xj ~ ph ~ h% dn?|
aubi aubi B azs 6pl', 1 ap’ azb
at " 9x ~ "99x, pax; phanl, ox,
_0bw ai_” 0Tp;; Tsi , Tpi — Toi 7)
pdx; 0x; pdx; ph  pdz,
2 1 12 1 a —
Pr_lph 1, 00— w) (8)
p 2p 12 0x;
: aw
Po_ yp W | T ©)
ox;  p

10(zs+2z,) 1  0(zg+2zp)
W=3"a "2V ax

TR S, Vol 79, No.17, 23-17088, 2023.

Surface Roller|Z & % ARG

z[ 7. K@ Tsi Usi
s =

Xi

ROEHTTEHIE
> "
Zp v
Zy -

6Zb

TEEENE SR & Surface Roller 12 &2 28 AW /15570 D iE I

10 Ug — Uy U — U
= Y 12 Si bi Si i 10
+116xipl ( 20 10 )] (19
1ap'|  odws 10p| 0w (11
phonl_ — Ust ox;” phonl, — Unt 0x;

»yav
— ey

W KOS R, p: ADIEE, g:
EINRIE, p' - FEA OIS, ulCu; -Upy i1
WO AT B OIREERSY, Tt LA RIS,
Ve: BRI G B, AT O AT L,
T & SCFEOs LbiE, Kili(=0) & Kl =1) TOllE 7
NENERT 5.

Ty & o, T L ONRIERTEN RIS 2 AT )
ThY, TNTKRTEZ BN,

E:_ﬁﬁﬂ b = ST/ph 1 (12)
p hoonl,” 6 JT+c,
To; :pcl%ubi,/ulz) +vj +wp (13)

C
cb=—1_2nC /K1/1+czb, C, =+ gn?/h'/3 (14)
n

2T, k(E041): N U TER, n HERELTH D, v,
Evld, AL R — gk R B EH 9 5.

Sij &P, W X BFOE & EH DML L %
Vx— g VISIDKEEEEE ChH D, 2 BIIKES
T30 2 R DT SOOI S A R < D3, AW TIEM
/NI R B R D T K G E 2 KT R —RRIC
HzBZ kb LT

$=p£h[%+%] cos?a (15)

$=p£h[%+%] sinfa (16)

$=p£h[%+%] cos a sina (17)
5;=_EEE%ES (18)

Z 2T, adROME T Ex RO ARE, kA,
E(= pgH?/8): DT /NF—, HEEmTHD.

F77, B-1UTRT L 9IS, W IR oRImEIC
Surface Roller(SR)2M L 341, SRIZ & Bt ~DJs s
X, RGO RS CEEE KIETZ L3 6iT



WA, Z OB EZET H72HIZ, SRIZK HKEH
MKTIE T BB 5 2 LI2 L. SRIC & 28 Bt
1%, PEEHFOR Y VORI B & 72 523, ARl
BT DZ LT LT 14 l2oWTE, BEx ZRaHl R
BRINTNDHD, AR TIIZIRT HSRTRLF—
DHFERE DORPE G, LTFO X HIZE 2 EA b LTz
SROT X —uHlE, K& ORICVERT 28 A
Wi ) (RADTHIZE VAL DD ERETDH. SHIC
Sevendsen” & [FI£EIZ, SRIZZKHE EA2IHEC THEIT S L
DEFIUL, BA1LY, O TOSRT R /LF—
DBECERITIRD X 5 1I2FE 5.
AL 19
F 72, SRIC L B /KiEE AW T OB O JE M LR
DEIITEFKRTED.
= L ist (20)
X(19) & 0y LT, SRIC & B AW TR DL T
FHNAERT 5 2 L 2B RET1UL, SRIZKDiHm (x,y
J518) DK ABIENTRATEZ B,

Tsx Egr Tsy Esr .
— = —cosa, — =—sina
p c p C

ZZIT, a:xthEHAEL L7-SROMITATHD

Ts

2h

Q) KERBOENTAE
BHRSGOREITITIE, WHEZETEART S TR S D =%
L= SRR AU FEE F IR 2N 2 7o Q22) & Hv .
ZAUT K, BUKERCREA Z) 2 LB T D IREABOK
e & BITHAEREZBE L THIT 5

JE  O0v;E 0vgE

_— = — 22
ot T ox, T Tag T @2)
Uy = U + Cycos0, v, =V + Cysind (23)
C ac ac
g .
e ey g_ﬁ 24
Ve = (sm 95~ ¢0s 3y (24)

¢, 1 2kh g
G 2P+sthkM' Co = Ji tanh(kh) — (23)
2T, Gy BEEEE, &, 0 FEIC K DO LT —

W, 0 xlhzLHEL LA THD. & IDaly
and Dean'"% 2 E |3l 5.
K,Cy(E — Ey)
&p =—h
T2, Ky R R D= m X CThH . E
IIHEEZ DI D=L —TH Y, %O EH=Th
NHRD D (TR X D IR0 .
SREF/LF—L, HENCL VIR S-SR /LF
—DOHREREHWCHET 5. AET/LTHE, fHEICE
DL L2 DT RV F —D4578, SRR /LF—(CT
fasnb Z Lt s.

(26)

TR S, Vol 79, No.17, 23-17088, 2023.

aEsr + a(Ui + Ci)Esr _ 1

=—g — 27

at ox, 2 T B @7

Cy = ghcosa C, = ghsina (28)
K E.C

£ = % (29)

Z I8, Egq:SRTEFILF—, g4i SROTAR/LF—HHR
Thb.

(3) HMEALDEENTE
HTAACDFFITIZIZ,  SLIL S 93 E B ] 5 T
MEERTEEFEZAVWD 2 L &L, P&
(B H - 38 B3 &yRliFb o =UoeBidiio U iS
EEET S, iR K OV O JRFT ABL DR
B BE UG UTRHEd 5.

_ 1 Tex 07y
= G )
T AT, T Kk DT ORI S, e T IEEE
PRI, dy: KRR, ps: WODEERE, Ty Rk OI-AHIIR
WZBT ARSI CTH 5. lRE R L OMEERE Ol
I, S LR O R B LR TR 5.
% ] _1/10 <a(;l;fl + Qoux — Csbkwok) €2))
TIT, Ao ZEBRE, qpi: Bk D5 RO BRI
B, Qe PEESK DEATAEIFE - HNIREE 872 D OVRIERY S
= L&, oo Bk OISR, woy: Btk D
WREEEECh 5. PoKEEONR ko THAME B EIC DT
X, BOKIZE B AN SO HISEIEDERNI R E W
e, AFETIHRIC L A LB ENIEE TS, W
MIROHEZE (b 2T 55 Z L & L

(30)

3. BKREBRICK DMEEIAIOT S AN
L EHKBIEDEE

(1) SHFTEI0AHKOBE L BAIKS, fRTEY
FAERET) 1] OETIE, B-204 IV OOIDHS T
KOLEFDRE STV D, B0 T, #ok

RHITTEL0A HKERE
&c:mmu:&;m; &

OB L
iR X
\ = &
Okm 1km  3ki S =)
1 %o

2 FRATE B




..... EHQRE
— BRI E
— TR )

HlLF T EUARE
= PIEEEFTRR)
9000
8000
7000
6000
£ 5000
U8 4000
5 3000 3
2000
1000 ;
o - F o
10/1312:00  10/140:00  10/14 12:00

B3 AFUCE 10 HHbKFOE, #s, WO

-

h W oo
()

Hfgs
(T.Pm)

Lbbudbhhdbbl

Rt EE L GLBE
2 DO T 5 AR 11

() SF247H @H)
X4 SFoTEETH, SFoTEE 10 ABKER,
AR 247 A OF kO = v 2 —

TR CHE, Vol 79, No.17, 23-17088, 2023.

Gl I N R4 s R

Rk EE EREKE | HREKEK
10.0k-16.0k 0.03 0.03 0.03
10.0-2.5k 0.026 0.03 0.03
2.4k-0.5k 0.022 0.03 0.03
0.5k-] 135 0.014 - -
100 = —- —o—[EE)I| 0.0k
2 Rawanll i —o— [TEE)I| 0.0k
. 4 —e— FIE)I 0.0k
80 / { —e— FIETF)I| 2.0k
70 ‘ —e— EF)I| 2.0kC
g 60 y —e—FIEE)I| 2.0kR
B / —o— FIEH)I| 6.0k
R 50 / —eo— [IEE)I| 6.0kC
o 40 4 —o— FIEE)I| 6.0kR
= 39 / / FIEE)I| 8.0k
i 20 FIEE)1| 8.0kC
" I E7)1| 8.0kR
10 —e— FIETF)I| 10.0kL
0 —e— E )| 10.0kC
0.0 01 1.0 10.0 —O—RITOMESH(FE)
HIFE(mm)
B AT O ORI
——10/12 2485 TIRBATKAL  ——10/13 655 FAYREMT AL ——10/13 1285 FHIRRATK(L
----- 10/12 2485 B BATAKGL -----10/13 685 B EBRMTAKAL  -----10/13 1285 A ERRATKAL
+ AEEYKAD x  FERRPRKAL o 10/12 2455 BUAIKAL
2.4
2.2
2
18
€ 16
e 14
£
% 08
0.6
0.4
0.2
0

-1 -08 -06 -04 -02 0 02 04 06 08 1 12 14 16
e BT ER B (km)

X6 ST 10 A BOKIRFOBLRIZKNL & T KO b
AT FITTAEC A & K O FiotAE10 A 12KIS0mE R
THWFRIEM ThN TS, 72, O EL OfER
L, AERICHREIEN G SN Q0 D, wi&E Lz
FoTE10 A KT BRI9BATER L, B-817T X 91,
BRPRELEF) 113A] 1R Gtk & iR AR A L7z

FENTRIPHIE, B2 FARROFEPHE Lz, SFocde
A ORI E: & A FnotaET A OFRESIED HEOKRTOH
T R-4@)D & 5 IZ/ERR L, AR (13.5km) OBLRIZKAL
A Ka 727, PO & (EH1825s) - i (dk
AEHRA~ALAETE) LR A BER S & LT, BFocE10H
HE7K (2019/10/12 15:00~2019/10/16 0:00) |2 & 2 05 5 A
DR RAT Uz, FR-NUTFRAT TRV HLUER S A 7~ T
BRSSO CIE, BEEZEO2 5812, EicsT
5 FRDIKIETE & Bk OHIE & BAHCHBIT A E L
T, K,~0.17, I=035% v 7=

IR EMEECORIEE A, TRt X OIERE L. 1]
ARSINI T HCHG RV E 720y CHERC SIS 728D, 0.0km~{fE
3 L O] AN _ETIE0483mmd PRb A AR IC 52 7.
0.0km = ¥ _EiOWNTEXFE T, B-5IRTHE e
WA 2 b2 7o, AR BRNT O FimE Rt L L
TIE, AEEE(13.5km) O 1km EFRO RS I3RS
& (hy), SRR (RlEr) 2 5- 2 7-.

) FEHTRER
B-6i, [ EERIZIST DT & BN O L



JEE(m)

B7 {0 DA TETE ek & WM RS
(SFICAE10 A 13 H 81K

4 ——RL6E0)

2 —— R1.10(&8)
) ——— R KR (RIT-RE )
e, - b | RL KL (BRAT- B AR L)
-
= = .
P
Bk

-8

-10

<100 0 100 200 300 400 500 600 700 800
TAHTEE R (m)

X8 -0.6km HURIZIUT DHFITA 10 ABOKATEOBLHIEE
WrEZIR & UK OBTRETE AR
700
600 -

900 1000

—e— A
—o— AT

AT RN

D ZEALE(m?)

-06 -05 -04 -03 -02 -01 O
)
X9 -06kmn>5 04km XIS T BN & fRTIZ L 5
BEKFIE TOFRFEDZA VD Ll
Thod. WAFOKMEHIAFHANTERE SN TWDTD,
W ) DK (SRR WTIN 2, A5 Rt BhBR AT /K
TE (D 2R L0 5. D=0, oL BE L
TR A ORFNT KT Z AR O FHE TR LT D,
DFEZZRE LIRWGETE, FHIREDOIRWEFIZE
WG, FEANZEE U OKMIABMEL BRSNS, B-71E, &
FNTEAE10 3 BKIRE 2 e R i OB X 417213 H 8IREDIR]
FERIZ 31T D KGR & ARG OfTHER CTh 5.
PHROFBEE T C, BN D INFERAVE T T
BY, WOMIOWIUIEEL 52 T\WD, 20X 97k
WK E IR BEAER O BEEETHZ Lickb,
6|27 LI AfTIEO/KEIE, FEOKEE A R <
FHL TS, E£7-, EBICEOER TR LIRS
A R 7T 713 EEE L 2E BT D,

K-4b)i, AFHTIEC X DEFoTAFE10 H BUKIER O]
MIROHIETH 5. Bd@izte, W OfhromEkoss:
ERRDNI S TANZAE R L TR0, AT T A& L T
DDA, Flz, ARHANTHEE L2 b
MAMBESNARETIZEAE T T v a8, ]
DM 3 B U 72 idu s e B U, A2 RRlR K
SRS TV D (B-8). R-9IE, HKE% IR

01 02 03 04

TR CHE, Vol.79, No.17, 23-17088, 2023.

2 =
4 ——H24.7(88)
——H26.7(&A)
€ 6 —H28.7(88)
o ——H30.7(&A)
e 8 ——R1.7(#8)
EE -10
12 _
BV —
-0.95 0.9 -0.85 08  -0.75 0.7 -0.65 0.6
HiE W EE B (m)
2
3| —RL7(ERH) WOFS R
4| —RLISAIEE
€ 6 | —R2.7(#H)
o 1| —R3.7(8V8)
£ 8
L?E 10 ] AT 5 ADREL
212 ]
U
0.95 -0.9 0.85 08  -0.75 -0.7 -0.65 -0.6
HEwTEEBE(m)
(@ WO
-2
7(BUAT)
-4 | —H24.7(288)
]| —H26.7(£88))
E 6
a
E -8
oz ]
Bk -10
12 1
"""+
-0.95 0.9 -0.85 -0.8 -0.75 0.7 -0.65 0.6
HEHTEEBE(m)
2
1[—R1L7(E) . - -
4 3| ——R110EAKE (R AT) ’EIE T A
T -6 | —R27(8A) DHK
- 1 38|
E 8] R3.7(%38) 3Ef|:|7__'51
EE_N ] DAL
-12 4
14 A
-0.95 -0.9 -0.85 -0.8 -0.75 0.7 -0.65 0.6
#E W BE B (m)

(b) WD

B-10 B4 OO, @IFT 21T 7 2O
DI S H77-0.6km~04kmD A W HEIZ ISV T,
JKHit: CORBEO LB A FE & T T LT 5.
O, FEHKRRCHGRIC L 0 D HERE 3 5 X[
THY, PoKIEIZ L2 Y% 52T CRED SR A 8
2D, MHTIIZORME BTV D. BIODFEHR
ZHERH RSy L, -0.6km~04kmD{R R G 4 K 6b 5
EIEAR2S M, MBI mPE 72 0, I RE BT .
Z I T, BRI E RO EAERANGT 0T 7 ADIERR
(-2 TR DN TEET 5. B4AOH IO B S#RD
PN, BIRZZRE L7RWGE O T T A DTSSR
R L TCWD., EROPGRAZRE LTG5 L T 5 &,
W7 T AORREPACIRA R & < B D Z E030h
5. FRZBREMEOBOKTIL, WOT T ADOERRIZH KT
EFROMBERAPKELSETHILOLEZ BN, £
DOEEEOBFEITA) - YR O AV EEOfFIIC I\
TEELSZ5.
AREICRUIZE 1S, ARFEATEL, A OEOKER,
TREE S 2 RAACHBIHR TS, LUT TS, At
FERA IR COBREFHBAR D DL LT, &
FITTAEIOH BRI X B0 T 7 ADERGERE L, T D%
DPHRIZ L AW AT 5 AWkl 5 £529 5.



— RIEWB L7 £(0.4km)
—BETORBHBELVE

— RIEWIE LR E(-0.6km)

50 3 HKHE HK
3 2(5) #4725 m3 (1)
£ 35 3 #132.673m3(-0.6km)
B 39 ‘
Bosd
7 JRE4000m?
E 20 3 T /s JE4000m3/s
B 15 3
" 10 3
5 3 #94.373m3(0.4km)
oI A
10/12 12:00 10/13 0:00 10/13 12:00 10/14 0:00 10/14 12:00

B-11  SF0ocE 10 A HoKEED-0.6km, 0.4km Hi5 O 117
EOREE S, W CORERE T RO SFHFIE

RI/10 RY/11 R/12 R/l R/2  R2/3 R4 R25 R26  R2/7
B-12  SFOCE 10 AUk SR 2427 A £ ToHr
T3S 2 S5 = OBLAIE

(@) MEFHIFEOTSADHK - HKBIEDEL
B4(c)iE, HokFEAEND 9 B A%OST 24 7 AT
DI RARNIEIZFE D X R S ko = o %
—TbHs. B-10 1%, K4 OHFRD, Ok} DR
DREBTEIR Rk 23 LB OBIAE R & & HITRT.
-10(a), (b) LBxZ, “FRk 23 4E 7 HBASFocsE 7 A
FCOFORETLROZE 2779, FIEEF) 1 TIEERK,
2349 HIZBHAER UK (BEBY « %9 10,700m%s) 255642 L,
KED LA IPIZHERE L 7= (B2 7 OERN D FH D
I . FDM%, STHE 7 A £ T U EokIZERL
274E 9 A K (B5EE - 9 6,000ms) 2N K Td b, Fhk 28
A7 A LRI IHEETIAR N B LD, A k5 L

TASTIICAE 10 AUk, 20k 5 ki eRAE L

£, HFOTE 10 AKX B 0T 7 2D KE
FAEET 5. M4 @)ER4b)B LT, B10 FEHIR
THFIoTAE 7 A (RO &AFoE 10 HKE# (F
DI ORHITLIR DL D, SFITTAE 10 Hibkic &
DT 7 ADTERL S AL, R T 3m f2 5
LTWa. B-11 1%, PR Fio-0.6km His & 0]
FADIN . 370D 0.4km H1S COAFITTAE 10 A ki@
WEwEE, R TOHRBIWEDOREHETHD. -
0.6km HusS @ VIS, TR AR T & (R
4000m%s) B X - HT2 D HAME L, O R EITRE
FINTHY 326 17 P (23T 5. MHE COHERE T B DA
B, BAEHNTR472 7 mP 720, 0.6km LSOO iEE 1
EL D KEZV. Ziud, B7IOR U7X D ISk
R A RS To E M~ LT 2720, s Cleig
L, ZHUCEY HWBEINEL D720 THD. —7H,

0.4km HiS ORI EO BAFEMITH) 43 7 m® /S,

ZOZ D, RN OT T A1, KBRS AfE
S BWEE ST TN Lo TR DIERL <415 B D
LEZ NS, FT7, 06km HAOMEE TS EDRK) 96%

TR S, Vol 79, No.17, 23-17088, 2023.

Z Wb 043mm 72559, WRRIZERIEFD D) 86%, Fiiid
DI % THD Z EMD, T T ADRUTHIRY A
BEEE RO Z LD,

WIZ, BRI 10 A BOKIEZ D AT 2457 H TOi]
07 7 ADOHEKMEEZET 5. B12 1%, SFcd 10
HHOKES BTN 24 7 A F CTOFEM OB
AR LTS QRIIEES,  1500mYs FEEE D KA 48]
#4). ®-10(@@), (b) FESRTHRITAE 10 HKE#%
H DI OREFTFZIRIL, BF0 24 7 A GROIER) Ot
Witk & 0 b aEcE <, B-12 1R LIEAFRIRIC
L DM AT T ZAOTERITFEN, 7T R ORETARD Y FH D
TR DIRDO TR LT IR T& 5. K-10(b) F
BHZEET D &, Aot 10 ABUKERZR 0T Z A2
HERE L7 i) (FF 0I5 & RO SRR E NI 0) D 9
5, 8m~10m LAVEICHERS L 7= HRP O KL, AN 24E
7 HE T A3 K OVERIHE R Sl S iz Z L3
%. FOBEEARA40)E R4C)DAESIGRFET S L,
BFITE 10 HUOKRHTHEEI HERS L7 TV OK) 67%\
2%, —J5, B0 FBD 8m~10m LIEDHERTAIR 245
FIoeAf: 10 ABOKER (FFOFM &4 24 7 A GR35
), AR 34E 7 H BBOIHR) Tl T 5 &, BRI
AR T DR T MR TE D DD, ZOMJE
IV, 8m~10m DIERDUHIR T, FABE DR G
PARRE TR EN AN U, BOKIRHZHERS U 7= TS MR 1
K OVEDER e SN D £ CICESMZ2ET 5 oL
HEE SN 5.

BIE, PPEEF) I O CLE, Ao RN Ok
\ZE D, BOKRRC/EROERRE BN ED,  Hig)
WEE TS SN AEACHD. O L,
I E g R~ DO TR R AW C 28N H 5.
FE G VER DB EA L & A7 5] VRSN OJE R 1A #E
DOBFEHEETHY, OO, FLHEREOMRED
HPLLHFFELNHDOEEZ LS.

4. |\|:|§ﬁ

AT O FE a2 LU TR ~5. Hoke
R FIRE Z A LTS FoctF10 A Bk i, ok
EFHROMBEAER 2N 07 7 AR - FRIRICKE
S LT-Z LEHALMNI L. £, MAT T A,
BKBR I AT H#E S 7z B X0 KGR
RSN, ZAUITTHER AN EE o B 2 -3 2 L &R
L7=. E5IZ, WET T ADTERUTLE AT [ HERS L
e tbd 56, 8m~10mLlyRIHERE L7z TablE, ok
DAZERIR AR CTIGHS T HN] 1SOJEL I S lins S5
—J7, Sm~10mLARICHERE L 7= LW s IR &
B AHI L AMELT.



REFERENCES

1))

2)

3)

4)

5)

BEHEAL, REmE, BB - FIJIT AR
T 2P - BIRIC & D B2 LR O b EhEn R,
RS SUE B2(MEF L), Vol.75, No2, pp.
I 631-1 636, 2019. [Umeda, S., Negishi, K. and Yui,
M.: Numerical study on morphological change and
sediment transport at the mouth of Tedori River, Journal
of Japan Society of Civil Engineers, Ser. B2 (Coastal
Engineering), Vol.75, No.2, pp.I_631-1 636,2019.]

R OBR, PE A, RAESE AR DN JE
WDT Ty a2 RO RIEROER 72 LB
GO LI RSB, LR SR BIOK L
%), Vol.77, No.2, pp. I 673-1 678, 2021. [Hyodo,
M., Nakahira, A. and Kuchiishi, T.: Dynamic sandbar
flushing & reformation mechanisms and riverbed
management at estuary area of the Sagami River, Journal
of Japan Society of Civil Engineers, Ser. Bl (Hydraulic
Engineering) Vol.77, No.2, pp.l_673-1 678, 2021.]
TEEEZ « FEBHE DD AT PR - FIRZS BT i
DEAIHRE & 4 5% OFRARFTE D T, R
£, % 20 &, pp.253-258, 2014. [Fukuoka, S.:
Forefront of analysis methods for flood flows and bed
variations and prospects of sediment transport research,

Advances in River Engineering, JSCE, Vol.20, pp.253-258,

2014.]

S LB, fERIEE T, AR - REUREKIC

{7 RS 0 B A BERE I B9 5 ISR, iﬁ?éx‘ﬁﬁﬁ%
Bl (/KI%), Vol.74, No.4, ppI 715-1 720, 2018.
[Tateyama, M., Fukuoka, S. and Ishikawa, T.: Study on
flushing mechanism of river mouth sandbar due to large
flood, Journal of Japan Society of Civil Engineers, Ser. Bl
(Hydraulic Engineering), Vol.74, No.4, pp.l 715-1 720,

2018.]
VIR &S, R ERBOK - SERBK KR OV O
WEAX RN 25 m OKf - Em) oo

A AW T FER KT = RO ENT(Q3D-FEBS),
HARFEIUE BIOK L), Vol.75, No.l,

pp-61-80,

8)

11)

TR

2019. [Takemura, Y. and Fukuoka, S.: Analysis of the
flow in undular and hydraulic jump stilling basins using
non-hydrostatic quasi-three dimensional model
considering flow equations on boundary surfaces, Journal
of Japan Society of Civil Engineers, Ser. B1 (Hydraulic
Engineering), Vol.75, No.1, pp.61-80, 2019.]
AWM, WINGE  ERE LY REEo
Ao BLA - T U7 vE, 1985
Horikawa, S.: ¥ FERE T WFBEEOHEE - #
M - FHIJ5k(title in Japanese), The University of Tokyo
Press, 1985.]
BEIEY - ¥ 3 WOt BIEE 7 VO & £ 0
A PEC BT 2 HEZE, BEURSEME ST, 1999.
[Kuroiwa, M.: ¥ 3 TR T L OIS & %
@3 A B 3 % HF 42 (title in Japanese), Tottori
University Doctral Thesis, 1999.]
M /5757, Madsen, O. : Surface Roller (2 & 2 2%
%F@ L7Z R Y L OEES D ET Y /7 FAR:
@ SC %, No.803, 1173, pp.133-144, 2005.
[Tajima, Y. and Madsen, O.S.: Modeling surface rollers
and undertow velocity profiles, Journal of Japan Society of
Civil Engineers, No.803, 1173, pp.133-144, 2005.]
Sevendsen, I.A.: Mass flux and undertow in a surf zone,

Coastal Engineering, Vol.8, pp.303-329, 1984.

Dally, W. R. and Dean, R. G.: Wave height variation across beaches of
arbitrary profile, Jowrnal of Geophysical Research, Vol.90, No.C6,
pp.11917-11927, 1985.

[Honma, H. and

T@I‘—Hﬁi:, WK Bk EARTE I O BN, KEEEE
WAHICHE, Vol27, pp.703-708, 1983. [Fukuoka, S.

and Yamasaka, M.: Altemating bars in a straight channel,
Proceedings of the Japanese conference on hydraulics,
JSCE, Vol.27, pp.703-708, 1983.]

(Received March 16, 2023)
(Accepted July 20,2023)

A STUDY OF THE FORMATION AND EROSION PROCESSES OF THE RIVER
MOUTH TERRACE IN THE AGANO RIVER BY FLOOD FLOWS AND WAVES

Yoshiharu TAKEMURA, Shoji FUKUOKA and Hiroshi WATANABE

Based on the non-hydrostatic quasi-3D flow model (Q3D-FEBS), an analysis method for river mouth
terrace formation was developed considering wave-current interaction, three-dimensional flows, bed load
and suspended load in the estuary. The formation of the river mouth terrace during the 2019.10 flood of the
Agano River was analyzed by this method, and the formation and erosion processes of the river mouth
terrace was discussed based on the calculation results and observation data in the river and coastal area.
From these investigations, we revealed following results. The interaction between the flood flows and
waves had a significant influence on the flows and bed variations at the river mouth, and the terrace
formation at the offsore of the river mouth. Most of the sediment discharged from the river mouth was
composed of suspended load (0.43 mm). And it is assumed that most of the sediment deposited at offshore
of the river mouth of shallower than 8 to 10 m during the terrace formation was transported to the river
mouth and surrounding coast area by the high energy winter waves after the 2019.10 flood.

am X, Vol79, No17, 23-17088, 2023.
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